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A LICENSE PLATE RECOGNITION SYSTEM IN
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Abstract: In recent years, there has been a lot of research in license plate recogni-
tion, and many license plate recognition systems have been proposed and used. In
the past, the license plate recognition system was a key element in many applica-
tions such as traffic control and parking lots access control. In this article, the au-
thors present current research in license plate recognition, and elaborate on the use
of license plate recognition in e-Government. License plate recognition involves
three main components: plate detection, character segmentation and character rec-
ognition. The authors consider all three components and thoroughly deal with the
issue how to apply license plate recognition in e-Government in order to improve
performance.
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Nowadays, license plate recognition is extensively used in traffic management to
identify a car whose owner has violated traffic laws or to find stolen vehicles. It is
also applied to parking lot access control. Or, in other words, parking lots do not need
human resources. When a car enters a parking lot, a computer equipped with a sensor
and a license plate recognition system can recognize the license plate number of the
car, and record the car data and the entry time. When the car leaves the parking place,
the computer can automatically compute the parking cost. The license plate recogni-
tion system is automated and convenient. In addition, it is cost efficient due to the fact
that less human resources are needed.

The license plate recognition system could also be used in e-Government. E-Gov-
ernment can apply license plate recognition to car identification. In recent years, a lot
of cameras have been installed at the intersections by government or police. These
cameras record a lot of images. If license plate recognition systems are installed at
police offices, networks can be used to connect the cameras and the police offices.
The cameras capture images regularly. When a camera captures an image, it can be
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transferred to the police office and the license plate number can be identified by the
license plate recognition system. This license plate number can be used to acquire any
information about the car and record the license plate number, time, place and so on.
This information can aid the police in seizing car thieves and in traffic control. In ad-
dition, there have been numerous parking lots in the city areas. Usually, more than
one person has to be employed at a given parking lot to record license plate number
and to compute parking costs. If license plate recognition systems are installed at the
parking lots, the license plate numbers of all cars parked in parking lots can be identi-
fied and the parking costs computed automatically. If license plate recognition sys-
tems are installed at government parking lots, the government can employ fewer em-
ployees and save more costs on employment.

License plate recognition systems provide to e-Government convenience and effi-
ciency. In this article, recent research on license plate recognition is presented and
some directions how to apply the methods of license plate recognition and to enable
license plate recognition systems to work efficiently in an e-Government environment
are given.

Overview

License plate recognition consists of three main phases: license plate detection, char-
acter segmentation and character recognition. The role of license plate detection is to
extract the license plate regions from a vehicle image. Sometimes, there may be more
than one license plates in an image. Some research in the field of license plate detec-
tion deals with the issue how to extract multiple license plates from an image. It is a
very important subject in license plate recognition. After extracting all license plates
from an image, all characters in a license plate have to be segmented at the character
segmentation stage of license plate recognition. If the obtained character segment is
good, character recognition will be more accurate. The final stage completed by any
license plate recognition system is character recognition. At this stage, all characters
have to be recognized. This stage is the most important one in license plate recogni-
tion. It has a substantial effect on success. In this section, the authors survey recent
research on license plate recognition systems.

License Plate Detection

There has been a lot of research in license plate detection. There exist two principal
types of image sources in plate detection. One is a video image and the other is a
static image. If the image source is video, one has to extract the single license plate in
real time. Due to the fact that it is necessary to extract the license plate in a very short
time, it is extremely important that we extract the license plate quickly. If the source
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image is static, extracting multiple license plates from an image with a complex back-
ground is the main issue.

In the method proposed by Kim and Chien, Generalized Symmetry Transform (GST)
and edge detection are used for license plate detection and normalization.* Park and
co-workers use a neural network for license plate detection.” These methods are ap-
plied to images with only one car and without complex background.

There are many works that deal with images with a complex background. It is very
difficult to extract many license plates from an image with a complex background.
Gao and Zhou proposed a method to extract the license plates from an image with a
complex background.® They use histogram equalization to find a threshold to enhance
the license plate image. After image enhancement, the authors compute the variance
of the pixels in every large region. There would be some noise in these regions, and
there may not be license plate regions. Gao and Zhou then smooth the edges by image
dilation. Finally, they check the number of pixels, the proportion of width and height,
and the proportion of black pixels in the region. Their method then eliminates the re-
gions that are not license plate regions and outputs the images of license plates. Gao
and Zhou assume that the license plates are near the center of the images. When the
license plate is in the margins of the image, the license plate would not be extracted
easily. The accuracy of Gao and Zhou’s method is 80.7%.

Maro, Chacon and Zimmernam use Pulse Coupled Neural Network (PCNN) to find
the candidate regions from a static image that consist of only one car.* Then, they use
statistics and edge detection to find the regions of license plates and output them.
There are three features in this technique. First, the images are static. Second, only
one license plate from an image is extracted. Third, it is difficult to extract license
plate from an image with a complex background.

Character Segmentation

In license plate recognition, when all license plate images are extracted from an im-
age, one has to find all characters in the license plate and recognize them. Character
segmentation is applied to the license plate in order to outline the individual charac-
ters. It affects greatly the accuracy of recognition. If the contours of the characters are
inaccurate, it might lead to errors in the recognition stage or even to failed recogni-
tion stage.

Majority of current research deals with the segmentation of only one type of license
plates. The methods proposed use prior knowledge to help in character segmentation.
Prior knowledge includes information such as the size of the license plate, the size of
a character, the size of the interval between the characters, and the number of all
characters within a license plate. If there is only one type of license plates, it is useful
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Figure 1: (a) Vertical Projection; (b) Horizontal Projection.

to make use of prior knowledge in character segmentation to achieve better results.

The character segmentation methods proposed in the majority of works are quite
straightforward. They are typically based on the projection method.> The projection
method uses vertical and horizontal projections to perform vertical and horizontal
segmentation, respectively. Horizontal segmentation eliminates the unnecessary top
and bottom parts of the license plate image. And vertical segmentation divides each
character that is in the same license plate image. The projection method analyzes the
vertical and horizontal projections (shown in Figure 1). How to locate all the valleys
is a very important part of the whole process due to the fact that the valleys usually
occur in the intervals between the characters within a license plate image. The proc-
ess of locating valleys in the projection is called “projection analysis.” Segmentation
lines are created at these valleys. The projection method is the simplest, the most tra-
ditional, and most commonly used method for character segmentation. Rahman,
Badawy and Radmanesh use only the projection method to segment all characters.®
However, if the projection method is used alone, the problems of rivet, rotation, and
illumination variance can be observed. When these problems appear, there will be
many errors in character segmentation. Zhang, Yang and Wang use also projection
method to segment characters.” In addition, they use prior knowledge and Hough
transform to help in segmenting the characters. Prior knowledge is the information
about license plate in China, and Hough transform can help in deleting wrong hori-
zontal segmentation lines and combining the correct lines. Before the segmentation,
the authors divide the license plate image into several parts and perform horizontal
and vertical segmentations, respectively, for each part. Zhang-Yang-Wang’s method
can solve the problems of rivet, rotation, and illumination variance. Their method
could be used in the license plate recognition systems in e-Government.
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Figure 2: (a) Horizontal and Full-Size Histogram; (b) Upper-Half Histogram; (c) Left-Half
Histogram.

Character Recognition

The final and the most important stage of license plate recognition is character recog-
nition. At this stage, the character images that are extracted from the license plate im-
age have to be recognized. The research on character recognition distinguishes be-
tween several main methods: methods using character features, methods based on
neural networks, methods using pattern mapping, etc. Prior to formally applying a
neural network, one has to generate many samples of characters to train the network.
It is essential to know how to form the inputs to the neural network and how to train
it. Pattern mapping is a traditional method. Before recognizing characters, the pat-
terns have to be created. There are several types of patterns: images of each character,
of different sizes or at different angles, projections of each character, and others.

The method proposed by Rahman and colleagues is based on pattern mapping.? There
are fifteen different types of projection histograms for each character in a pattern da-
tabase before applying character recognition. These fifteen histograms are created
using different parts of the characters®: (1) full-size (horizontal); (2) lower-half (hori-
zontal); (3) upper-half (horizontal); (4) lower-one-third (horizontal); (5) upper-one-
third (horizontal); (6) lower-one-forth (horizontal); (7) upper-one-forth (horizontal);
(8) upper-two-third (horizontal); (9) full-size (vertical); (10) left-half (vertical);
(11) right-half (vertical); (12) left-one-third (vertical); (13) right-one-third (vertical);
(14) left-one-fourth (vertical); (15) right-one-fourth (vertical). Figure 2 illustrates
horizontal and full-size histogram (Figure 2(a)), upper-half histogram (Figure 2(b))
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and left-half histogram (Figure 2(a)). Histogram mapping is performed until a single
character is recognized.

Koval and co-workers use a neural network with the objective to take advantage of
the network capability to solve the problems with noise and different positions of
characters on a license plate.’® They use images of characters to train the neural net-
work. The structure of a general neural network is shown in Figure 3. The neural
network is multi-layered and has 663 elements. The experimental results demonstrate
accuracy of 95% for plate images having noise with 50% density.
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Figure 3: General Structure of a Neural Network.

Dai, Ma, Liu and Li divide character recognition into three stages: preprocessing,
feature extraction, and classification.*! There are three steps in preprocessing: noise
removal, character normalization and changing all pixel values to binary values.
These steps can help in improving the quality of character images and they are bene-
ficial for feature extraction. There are three features to be extracted including projec-
tion feature (CPF), perimeter distance feature (PDF) and direction contribution den-
sity (DCD). The extracted features are used then to classify the characters. All tech-
niques in the Dai-Ma-Liu-Li’s method are very simple, and the performance is satis-
factory. The accuracy is above 97% in daytime and 90% at night. The recognition
time is between 0.1 and 1.5 seconds.

Wang and Lee extract two features before character recognition to help in recogniz-
ing the characters.' These features are “crossing-count features (CCFs)” and “periph-
eral background area features (PBAFs).” In the preceding phase, the input character
image has to be normalized in a coordinate system. Please note that the images of the
same character may be of different type. Three different types of the character “A”
are given in Figure 4. In principle, CCFs and PBAFs are very useful in character rec-
ognition. The accuracy of Wang and Lee’s method is 98.6%, and it is very accurate.
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Figure 4: Different Types of Character “A”.

Discussion

Many methods for license plate recognition have been proposed. However, different
methods satisfy different requirements and have different applications. In this section,
the authors will elaborate on the issue which methods are suitable for achieving high
performance in e-Government.

As mentioned above, the license plate recognition system can be used in e-Govern-
ment for traffic control, parking lots access control and so forth. However, the license
plate recognition system has to work in real time. In order to develop an on-line, high
speed license plate recognition system in e-Government, cameras have to be installed
on roads or at the entrances of parking lots outdoors, as well as license plate recogni-
tion system has to be installed at control centers. Networks can be used to connect
each camera and control center. When a camera captures a car image, the image can
be transferred to the control center. The license plate recognition system installed at
the control center can recognize the image and output the license plate number. It can
record the license plate number, time, location, etc. These records are very useful. At
the police offices, they can be used to obtain the traffic flow. The police can also ac-
cess information about a stolen car and arrest the car thieves quickly. At parking lots,
these records can be used to compute the costs for parking.

License Plate Detection

In this section, the authors propose a method for license plate detection in e-Govern-
ment. In e-Government, license plate recognition has to be fast and very accurate. Li-
cense plate detection is used for finding and extracting license plate regions in a car
image. In general, the pixel values in the license plate region are very different due to
the fact that the characters and the background of the license plate have a big differ-
ence in pixel values. We can find the region that has the biggest difference in pixel
values, or the license plate region in the image. This method is very common. To aid
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Figure 5: Structure of the Proposed License Plate Recognition System.
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Figure 6: (a) The License Plate; (b) Horizontal Histogram.

license plate recognition in e-Government, the authors propose the following modifi-
cation: the department issuing license plates could put a special logo on the license
plate. When the license plate recognition system extracts license plates, the system
can locate the special logo first. The method of finding license plates will be simpler
and faster.

Character Segmentation

In general, the research on character segmentation often uses some prior information,
such as the size of characters, the intervals between characters, and the size of the li-
cense plates. Using this prior information, the characters in the license plate can be
segmented quickly and precisely.

Considering the fact that the characteristics of the license plates are useful in seg-
menting the characters, the standard for license plates have to be unified. If all license
plates have a common standard, the license plate recognition system can segment
characters derived from different types of license plates.
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As elaborated above, a simple and fast method for character segmentation is the pro-
jection method. Using horizontal and vertical projection histograms, one can locate
segmentation points. These points may be incorrect, and one can use the characteris-
tics of the license plates to eliminate such points. Horizontal and vertical projection
histograms are shown in Figure 1. We recommend this method, because it is rather
simple and fast.

Character Recognition

Pattern mapping is a common and simple method for character recognition. In a nut-
shell, many patterns for each character are created in the database. Once a character
image is extracted and segmented, it is compared with all patterns in the database.
There are several types of patterns, including images of each character, projection
histograms®® of each character, etc. Using projection histograms to perform character
recognition is quicker. The authors recommend using projection histograms to pro-
duce patterns in the database.

In applying pattern mapping methods, the size and the font of the characters are very
important. In order to get better recognition results, the patterns have to be created
using the same font of the characters in the license plates. The size of characters is
also very important. Before proceeding with the mapping work, all character images
have to be normalized, and the size has to be the same as that of the pattern.

Some letters look similar to humbers, for example: B and 8; | and 1; O and 0; S and
5; etc. If letters and numbers have designated positions on the license plate—for ex-
ample, there are 7 characters on a license plate, and the first three characters contain
only letters and the remainder contains numbers—Iletters and numbers will not be
mixed. Therefore, the authors recommend that letter and number positions be divided
on a license plate.

Conclusions

License plate recognition systems can help government in traffic control, in seizing
car thieves and in managing no-man parking lots automatically. Therefore, in order to
develop an efficient e-Government, the license plate recognition system will be very
useful.

In this article, the authors have presented the state-of-the-art research on license plate
recognition. There has been a great number of methods proposed for license plate
detection, character segmentation and character recognition. In order to be applied in
e-Government, the license plate recognition system has to be a quicker and more ac-
curate real-time system. It is recommended that the methods of license plate recogni-
tion be simple.
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There is no doubt that the license plate recognition system will be used by the gov-
ernment more and more in the future and, therefore, it is very important to design im-
proved and more efficient systems for application in an e-Government environment.
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