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Abstract: Vehicle license plate recognition is an image-processing technology used to identify vehicles by their license plates.
This technology can be used in various security and traffic applications, such as finding stolen cars, controlling access to car
parks and gathering traffic flow statistics. In this paper an approach to license plate localization and recognition is presented.
A proposed method to perform recognition of license plates under any environmental conditions, with no assumptions about
the orientation of the plate or its distance from the camera is designed. To solve the problem of localization of a license plate,
a simple texture-based approach based on edge information is used. Segmentation of characters is performed by using
connected components analysis on license plate’s image, and a simple multi-layer Perceptron neural network is used to
recognize them. Simulation results were shown to be an efficient method for real time plate recognition.
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1. Introduction

Vehicle License Plate Recognition (LPR) has become
an important application in the transportation system. It
can be used in many applications such as entrance
admission, security, parking control, road traffic
control, and speed control. A number of commercial
software is developed in this area. However, they
cannot be readily used when vehicle image is provided
in different styles and formats. Also most of these
software presume some constrains on the position and
distance from the camera to vehicles, the inclined
angles and the complexity of the captured image [5, 6,
12]. In this paper an approach is proposed to overcome
these constrains and enhance the recognition process of
the plate.

Image processing techniques such as edge detection,
thresholding, resampling and filtering have been used
to locate and isolate the license plate and the
characters. Neural network is used for successful
recognition of the license plate numbers. Once a
license plate has Dbeen accurately identified,
information about the vehicle can be obtained from
various databases. The algorithm of License Plate
Recognition (LPR) consists of the following steps:

1. Capturing the car's image.

2. Extracting the image of license plate.

3. Extracting characters from license plate image.
4. Finally, recognizing license plate characters.

This paper is organized as follows. A briefing of
related work introduces in section 2. The proposed
model and steps of the system are explained in section
3. Excremental results and simulation are presented in
section 4. The conclusions and the further work are
summarized in section 5.

2. Related Work

The problem of automatic vehicle license plate
recognition has been studied since 1990s. The first
approach was based on characteristics of boundary
lines. The input image was first processed to enrich
boundary lines information by some algorithms such as
the gradient filter, and this resulted in an edging image.
The image was binarized and then processed by certain
algorithms, such as Hough Transform (HT), to detect
lines. Eventually, couples of two parallel lines were
considered as a plate-candidate [6]. However,
boundary line detection is not suitable completely in
the case of not horizontally recognizing the license
plates on the image, corrupting or absentness of the
boundary line in the license plates due to noise and
uneven brightness. Furthermore, HT is inherently a
time-consuming process.

The color and textures of the license plate have also
been used to identify the license plate [9, 11], but they
seem to be aimless and ineffective, especially when the
system has plates of different colors and sign patterns.

Another common approach involves the use of
Artificial Neural Networks (ANNSs) [7].

3. Proposed Model

The main objective of this paper is to develop a system
that can extract the license plate number from
complex-scene images with no assumptions of image
quality, the distance between the camera and the plate,
the angle in which the plate has been captured relative
to the camera and so on.

An overview of the proposed number-plate
recognition system can be seen in Figure 1. After the
vehicle image is captured by the camera, it will be
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passed to a pre-processing unit which prepares the
image for further processing by the system. Its main
operations are to eliminate the noise caused by the
image-acquisition subsystem and enhance the image
features used by the other two subsystems. The image
will be scanned by the Plate Extraction module to
locate the vehicle’s license-plate. The next phase is
responsible for segmenting the individual characters of
the plate. Finally each character will be passed to the
Optical Character Recognition (OCR) module to be
identified and the final results are ASCII characters
and numbers of the plate.
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Plate Extraction
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Subimage Containing
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Character
Segmentation

N Images Containing the
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Character Recognition
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.......................... s .
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Figure 1. License plate recognition model.

3.1. Pre-Processing

The input image is initially processed to improve its
quality and prepare it to next stages of the system.
First, the system will convert RGB images to gray-
level images using the NTSC standard method:

Gray = 0.299*Red + 0.587*Green + 0.114*Blue

In the second step, a median filter (5x5) is applied to
the gray-level image in order to remove the noise,
while preserving the sharpness of the image. The
median filter is a non-linear filter, which replaces each
pixel with a value obtained by computing the median
of values of pixels -in this case- in a 5x5 neighborhood
of the original pixel.

3.2. Plate Extraction

The plate extraction process contains five different
phases as illustrated in Figure 2; here each phase
performs a segmentation process on the gray image to
eliminate the redundant pixels that don’t belong to a
plate region. For example, the horizontal localization
phase is responsible of finding horizontal segments
that may contain a license plate. In the following
discussion, each of these phases will be discussed in
details.

Malaysian license plates consist of a row of white
characters on a black background, so we can say that
the license plate region is characterized by a row of
transitions from black to white and vice versa, such
transitions are called “edges”. The total change in
intensity from plate’s characters to its background is
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called the strength of the edge. The strongest edge
value that can occur can be found in the case of a
transition from a black pixel to a white pixel or from a
white pixel to a black pixel. This is the ideal case in
Malaysian license plates where the characters are white
drawn on black background, and hence they produce
high intensity edge values which can be used to find
possible plate regions. In this paper we are going to use
Sobel operators to find the edge image. The Sobel
operator performs a 2-D spatial gradient measurement
on an image. Typically it is used to find the
approximate absolute gradient magnitude at each point
in an input grayscale image. The Sobel edge detector
uses a pair of 3x3 convolution masks, one estimating
the gradient in the x-direction (columns) and the other
estimating the gradient in the y-direction (rows) [3].
The actual Sobel masks are shown below:

Input Edge Detection
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Localization
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Gray Image
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Cleaning and Vertical

é =1 Verification Q:— Localization
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Figure 2. Plate extraction module.
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Figure 3. Sobel masks for edge detection, (a) Vertical, (b)
Horizontal.

Figure 4 illustrates an edge detection process using
Sobel operator. The lighter region indicates stronger
edges as the case for license plate.

After creating the edge image, the system will
search for regions with high edge values which are
most likely to contain a license plate. To do so, the
system will construct a horizontal projection profile for
the edge image. A projection profile of an image is a
compact representation of the spatial pixel content
distribution. A horizontal projection profile is defined
as the vector of the sums of the pixel intensities over
each row. Figure 5 shows a graph representation of the
horizontal projection of the edge image, where the
peaks of the graph indicate regions with strong edges
and can be used to extract the most likely horizontal
positions of the license plate. The system will label all
the horizontal segments that correspond to significant
peaks in the projection profile of the edge image.
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(b) Ege image
Figure 4. Sobel edge detection.

The next step in the plate extraction process is to
find the vertical position of the license plate. For this
part, the methods generally use a statistical study of
histograms of the picture of the plate [3], but all these
methods are not applicable in the case of Malaysian
license plates for two reasons:

1. Number of characters varies from plate to another.
2. Some plates have a square shape with the characters
written in two lines.

Figure 5. Horizontal projection of the edge image.

We propose a simple method to locate the vertical
coordinates of the plate using the edge image. The
algorithm starts by sliding a window through each
horizontal segment and sums the values of edges inside
the window and then divides the result by the
window’s area to get the average gradient magnitude
per pixel inside the window at that specific location.
For each horizontal segment, the algorithm will store
the resulted value of each window step in a new vector
for later processing, we shall call this vector an HDV
and can be calculated as:

> G(x.y)
HDV (i)z e W yEWA

w

where, 1 =0, 1... ImW — M + 1), G (x, y) is the edge
image, W is the sliding window, Aw is the area of the
sliding window, ImW is the width of the image and M
is the width of the sliding window.
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Figure 6 illustrates the computation process of the
horizontal density vector. As the window slides over
the plate the value of the Horizontal Density Vector
(HDV) graph increases gradually until it reaches the
peak of the graph and then decreases again, at the peak
point in the HDV graph the sliding window aligns with
the license plate.

I e N |

Figure 6. Computation of HDV.
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After that, the algorithm will find all the peaks in
the HDV graph for each horizontal segment. A peak is
assumed to belong to a license plate if it is greater than
a determined threshold. Figure 7 shows an example for
the process of extracting the vertical position of the
license plate along with the HDV graph for each
horizontal segment.
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Figure 7. Example of vertical localization of the license plate.

The next step after the vertical localization process
is the cleaning phase. This phase performs three main
processes which are:

1. The segmentation of two-row plates which were
wrongly detected as one segment.

2. The isolation of the license plate from any
redundant background.

3. Skew angle detection and correction.

100 200 300 400 S00 B00

Figure 8. Two plates appear in the same horizontal segment.
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The segmentation of plates that contain two rows of
characters will be done through a horizontal projection
of the binary image for the extracted segment and
searching for a valley that goes beyond a specific
threshold. If found, the segment will be considered as a
twe row plate and will be cut into two separate
segments, as shown in Figure 9 below:
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Figure 9. Horizontal projection of the plate.

The isolation of the license plate from any
superfluous background is performed using a
projection profile that reflects the number of white
pixels in each row and in each column. In most cases,
projecting the amount of white pixels both vertically
and horizontally reveals the actual position of the plate.
An example of the projections is shown in Figure 10.

M AAAM
WGA 3478 B

Figure 10 Horizontal and vertical projection of the license plate.

To find the skew angle of the plate we used the
algorithm described in [1]. The computation of the
skew angle is achieved using Hough transform to find
the most visible lines in the plate image and their
angles, and finally the plate image will be rotated as
shown in Figure 11.
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Figure 11 Skew angle correction.

The last step in the localization process is the
verification phase. The input to this phase is all the
extracted regions from the previous stages which may
contain license plates. So the main objective of this
phase is to filter out the regions that do not belong to a
license plate. We will follow a rule-based classification
approach, where an extracted region will be deleted if
one of the following conditions is satisfied:

1. Aspect ratio (width/height) of the region is
smaller/greater than a threshold.
2. The area of the region is less than a threshold value.

3. Average gradient magnitude per pixel inside the
region is smaller/greater than a threshold value.

4. The number of valid characters is less than 3 or
greater than 9.

5. Density of the region is less/greater than a threshold
(density = objects area + total area). All thresholds
are determined experimentally from the available
training data.

3.3. Character Segmentation

To ease the process of identifying the characters, it is
preferable to divide the extracted plate into different
images, each containing one isolated character. There
are some widely used methods for character isolation
which are used in almost all available LPR systems.
Those methods are: static bounds [4], vertical
projection [8] and Connected-Components. The first
two methods can not be used to segment Malaysian
license plates since they do not have a fixed number of
characters for each plate. In this paper the following
steps are used to segment the characters of the license
plate:

1. Stretch the contrast of the image to extend over the
entire range of gray levels available (0-255).

2. Threshold the plate image using Otsu method [10].

3. Search for connected components in the image, each
connected component will be assigned a special
label in order to distinguish between different
connected components in the image as shown in
Figure 12.

4. Resize each character from the previous step to the
standard height and width (20x10) in order to be
used in the following recognition process.

{JE 7094

Figure 12 Extracting the characters from license plate.

3.4. Character Recognition

ANN is used for character recognition. We used a
Multi-Layer Perceptron Neural Network (MLP NN)
trained with the back-propagation algorithm. During
learning phase, characters of the constituted database
are successively presented at the input layer of MLP
network and their corresponding outputs are compared
to the desired outputs. Weights are iteratively modified
in order to obtain, at the network outputs, responses
which are as close as possible to the desired outputs.
The input layer consists of 135 input neurons and there
is one hidden layer which has 40 neurons with log-
sigmoid transfer functions. The output stage has 36
neurons, each outputting the probability that the given
input is the corresponding character.
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4. Experimental Results

Experiments have been performed to test the proposed
system. The system is simulated in MATLABG6.5.1 for
the recognition of Malaysian license plates. A set of
150 images with various sizes were used for testing.
The images were taken from:

1. Complex scenes, in which several objects with
complex textures are presented.

2. Various environments (street, roadside and parking
lot).

3. Different inclined angles and distances relative to
the camera.

Performance for individual system subsections were as
follows: 92.1% of plates were located successfully;
characters were segmented correctly from 90.5% of
manually extracted plates, 93.2% of these characters
were correctly classified.

The major source of errors in plate extraction
process and character segmentation was mainly due to
bad quality of input image during the acquisition stage.
Figure 13 shows some simulation results for the
proposed system.
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Figure 13. Simulation results.

5. Conclusions

The purpose of this paper is to investigate the
possibility of making a system for automatic
recognition of license plates. Given an input image, it
should be able to firstly extract the license plate, then
isolate the characters contained in the plate, and finally
identify the characters in the license plate. The
proposed system will search the image for high density
edge regions which may contain a license plate. After
that a cleaning and a verification processes will be
performed on the extracted regions to filter out those
regions that do not contain a license plate. After that
the plate will be passed to the segmentation phase
where it will be divided into a number of sub-images
equal to the number of characters contained in the
plate. Finally, each of the sub-images will be passed to
a Multi-Layer Perceptron Neural Network for
identification.
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