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ABSTRACT 

The identification process of a vehicle’s license plate can be considered as a primary task of an automated 

complex system. Detection of a vehicle, locating the license plate and non-uniformity of license plates are 

few of the challenges which will be faced in such a process. This paper proposes a work to ensure the 

recognition of license plates which are being used in Sri Lanka using Matlab’s predefined functions. The 

recognition process consists of detection of a vehicle from video footages or from real time video streams, 

license plate area isolation from the detected vehicle and finally optical character recognition from the 

detected license plate using character segmentation and template matching techniques. The proposed 

recognition process depends on facts such as, the lighting and weather conditions, speed of the vehicle, 

efficiency in real time detection, non-uniformity effects of number plates, the video source device 

specifications and fitted angle. 
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1. INTRODUCTION 

License plate recognition using cameras is a sophisticated technology where some countries currently use. It 

is applicable on both stationary camera monitoring systems and mobile monitoring systems in order to 

manage vehicles on the roads and to establish law enforcement on the roads. Not only to establish the law 

enforcement on roads, but also for systems such as vehicle parking lot management, highway ticketing and 

electronic toll collection. For these types of complex systems, recognition of the license plate of a vehicle is 

the primary requirement and it will give the ability to fully automate such systems by replacing human 

resources.  
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In Sri Lanka, currently the License Plate Recognition Systems (LPRS) are not used for law enforcement. 

But, some of the major cities have been covered by CCTV camera networks and these cities are being 

monitored over those cameras in real time. The monitoring task of vehicles is being carried out by the 

human agents and it might not be practical when the number of cameras are growing. Because of the growth 

of CCTV, monitoring might lead to increased number of subjects which are needed to be monitored. When 

it comes to vehicle monitoring the easiest way to recognize a vehicle uniquely is by reading its license plate. 

Therefore, License Plate Recognition (LPR) plays a significant role in such automated vehicle management 

systems. 

This paper proposes a method to detect and recognize a License Plate Number by processing a video footage 

or live video stream from a CCTV camera. The implementation of the work presented here has been carried 

out using Matlab based functions. 

There have been many researches done on the problem of reading a license plate of a vehicle in real time 

using the feed from a camera. One of such research has been carried out in Korea. The system has been 

developed using an effective method for extracting the plate regions from car images. This system uses two 

algorithms. The line grouping algorithm and the edge density map algorithm. By cascading these algorithms, 

this system has obtained a high success rate(Heo, Kim, Jung, Lee, & Oh, 2007).Another design for such a 

system could be found in which had been developed using critical statistical analysis approaches(Martinsky, 

2007). This approach deals with edge detection and rank filtering for license plate detection, horizontal 

projections of the license plate for the segmentation purpose of the characters on the license plate and finally 

character recognition using a sophisticated classification method such as a feed-forward neural 

network(Martinsky, 2007). Similar work had been carried out in India in order to detect the local license 

plates, where Histogram equalization, median filter has been used in order to take care of lighting and 

contrast problems and Sobel vertical edge detection and morphology have been used to detect the license 

plate of the vehicle. Projection has been used to segment the characters which are present on the license 

plate. And also for the recognition purpose, Support Vector Machine (SVM) is used (Shidore & Narote, 

2011). 

The work presented here consists of a set of methodologies which have been proposed in order to recognize 

the license plates used in Sri Lanka. Here, we have used foreground detection and blob analysis for vehicle 

detection, edge processing and filtering for license plate isolation and for the OCR, character segmentation 

and template matching methods.  

 

2. PROPOSED MODEL 

The figure 1 shows the three major layers of the proposed system. The data which are retrieved from each 

layer will be the input data to next layer. The theories and methodologies regarding each phase are discussed 

in the sub topics followed.  

 

 

 

 

Figure 1. LPR layers 
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2.1. Vehicle Detection from video stream 

Sequence of steps of the vehicle detection process is shown in the figure 2. Here, the vehicle detection 

algorithm accepts a video stream as input. Then it will process each frame in order to detect any moving 

vehicles in the frame. If any vehicle is detected, the algorithm will capture that exact frame and it will crop 

and save the detected image of the vehicle. Further it is divided into sub layers as shown in the following 

figure 2.  

 

 

 

Apply window monitoring mask 

The window monitoring mask is used to define the area where the road is and what area should be 

monitored from the global window. Since this will lead to a reduction of the area that needed to be processed 

using the algorithm, it will save processing power. 

 

Apply foreground mask 

At the next stage, it will identify the background from the moving vehicle. The foreground detection 

approach is proposed over the sliding-window approach, since the proposed system is only for stationary 

cameras and also it is the most efficient approach out of the two approaches.  

This task is accomplished using a foreground detection model which is based on an adaptive Gaussian 

mixture model (KaewTraKulPong & Bowden, 2002). The reason for using such a model is that it makes 

detecting background procedure precise and efficient. Learning rate, threshold to determine background 

model and number of Gaussian modes are the key parameters of the foreground detection model which are 

needed to be configured according to the environment of the video stream in order to gain an efficient and 

precise output. 

 

Identify moving vehicles 

In this step, using background subtraction technique, the blobs which are considered to be vehicles will be 

identified. Here, a blob means, a collection of a number of pixels. In order to obtain a greater accuracy, the 

minimum blob size have to be configured considering the source camera mounting settings such as the angle 

of camera to the road, and distance between camera and monitoring area. 

 

Apply vehicle tracking 

Vehicle tracking gives the capability to identify a vehicle uniquely in a certain monitoring window. This 

detection will stop the same vehicle being processed over and over in the next layers. Not only that, it can be 

used for labelling the vehicles in real time video player. The major advantage of vehicle tracking is that it 

helps to stop duplicates being processed in succeeding layers and also it will help to reduce processing 

power as well as memory, since more data need more storage space. 

Figure 2. Vehicle detection layers 
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Vehicle tracking is implemented using the Kalman filter. It will receive data from the previous step and is 

used to track the vehicle to be predicted over the sequence of frames. The unique number which is generated 

for each track will help to detect each vehicle using that number. 

 

2.2. License Plate area isolation 

This is an intermediate step in the LPR. Mainly this layer helps to isolate the license plate area in the 

cropped vehicle image. If there are any false vehicle images which have been identified in the previous step, 

they can be identified and discarded from the process. Not only that, but also it will stop processing of false 

images in the last layer. The steps of this layer is shown in the figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grayscale image 

In order to reduce the luminance of the colour image, the grayscale conversion is applied. It helps to reduce 

the noise of the image for some extent and also it makes further processing of the image simpler. The figure 

4 shows an image of a vehicle that had been applied with the grayscale filter. 

 

 

Figure 4. Grayscale image 

Figure 3. License Plate area isolation process 
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Dilate image 

Dilation is a morphological operator which adds pixels around objects in the image. It helps to fill any 

unnecessary holes in the image and also to improve the boundaries of objects by filling any broken lines in 

the image. Another advantage of dilation is that, it enhances the image in order to be use for edge 

processing. Also, it helps to remove noise to a certain extent. The figure 5 shows the dilated image from the 

previous step. 

 

 

 

Edge processing 

In this stage, the dilated images are sent through a series of edge processing steps for further analysis. Edge 

processing is carried out as two major categories. They are, vertical edge processing and horizontal edge 

processing. Histograms are drawn for both vertical and horizontal edge processing. 

First, let us consider the histogram for horizontal edge processing. To draft the horizontal histogram, the 

algorithm traverses through each column of the image. In each column, the algorithm starts with the second 

pixel from the top. The difference between second and first pixel is calculated. If the difference exceeds a 

certain threshold, it is added to the total sum of differences. Then, algorithm will move downwards to 

calculate the difference between the third and the second pixels and so on, it moves until the end of each 

column and calculate the total sum of differences between neighbouring pixels. At the end, an array 

containing the column-wise sums is created. The same process is carried out to find the vertical histogram. 

In this case, rows are processed instead of columns (Figure 6(a) and figure 7(a)). 

 

Applying dynamic filters 

The histogram values of both horizontal and vertical edge processing can change drastically between 

consecutive columns and rows.  Hence, it is better to smooth out such drastic changes in the values of the 

histogram. In this step, each histogram value is averaged considering the values on its right-hand side and 

left-hand side. This step is performed for both the horizontal and vertical histograms (Figure 6(b) and figure 

7(b)). 

 

Filter out unwanted regions 

The unwanted areas are detected as the rows and columns with low histogram values and indicates that the 

part of the image contains very little variations among neighbouring pixels. Since a region with a license 

Figure 5. Dilated vehicle image 
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plate contains a plain background with alphanumeric characters in it, the difference in the neighbouring 

pixels, especially at the edges of the characters and the number plate will be very high.  

The region with a probable license plate has high horizontal and vertical histogram values. Thus, the areas 

with lesser values can be removed from further analysis. These unwanted areas are removed from the image 

by applying a dynamic threshold. The figure 6(c) shows the histograms for vertical edge processing, 

smoothing the histogram using a filter and removing the unwanted rows. 

 

The average value of the horizontal histogram will be used as the horizontal dynamic threshold and the 

vertical dynamic threshold will be 80% of the average vertical histogram value. Both horizontal and vertical 

histograms are passed through a filter with this dynamic thresholds. The output of this process is another 

histogram showing regions having high probability of containing a number plate. The figure 7(c) shows the 

histograms for horizontal edge processing, smoothing the histogram using a filter and removing the 

unwanted columns. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. (a) Horizontal edge histogram (b) Histogram after applying low pass filter (c) 

Histogram after removing unwanted rows 
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Detecting probable candidates 

The next step is to find all the regions in the image which possesses higher probability for containing a 

license plate. At the previous step, all the unwanted rows and columns had been detected using dynamic 

filters. Therefore, the other columns and rows together creates these probable candidate regions. The figure 

8 shows the probable candidates which have been detected by the algorithm after performing the series of 

processing steps. 

 

 

 

 

Figure 8. Probable candidate regions 

Figure 7. (a) Vertical edge histogram (b) Histogram after applying low pass filter 

(c) Histogram after removing unwanted columns 
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Extract license plate area 

Out of the detected regions, the region with the maximum histogram value is considered as the most 

probable candidate for the license plate. The reason for using such a condition is that the license plate area is 

considered to be having few letters closely on a plain coloured background.  All the regions are processed 

row-wise and column-wise to find a common region having maximum horizontal and vertical histogram 

values. This is the region having highest probability of containing a license plate. The detected license plate 

is shown in the figure 9. 

 

 

Optical Character Recognition 

This is the final layer of the LPR which is responsible for recognizing the characters of the detected license 

plate. The steps of this process are shown in the figure 10. 

 

 

Resizing the image 

The images which are used for this layer are the outputs of the previous layer. And also the license plate area 

is a small area compared to the whole vehicle area. Therefore, the cropped license plate image might be too 

small and the size of the image might vary from one vehicle type to another. Hence, the input images are 

resized in order to maintain a standard size for input images. The input images are resized using a fixed 

height of 400 pixels and the width is set accordingly.  

 

 

 

 

Figure 9. Isolated license plate area 

Resizing the 
image

Noise removal
Morphological 

processing

Character 
segemntation

Template 
matching

Output license 
plate number

Figure 10. Optical Character Recognition process 
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Median filter 

Noise can be identified as results of the errors in the image acquisition process that results in pixel values 

that do not reflect the true intensities of the real scene. For the removal of noise, median filter is used in 

order perform the task simply and accurately.  

Median filter considers each pixel in the image and its neighbours to decide whether or not it is 

representative of its surroundings. Then it is replaced with the median of those values. The median is 

calculated after sorting all the pixel values from the surrounding neighbourhood into numerical order and 

then replacing the pixel being considered with the value of the middle pixel. If the neighbourhood under 

consideration contains an even number of pixels, the average value of the two middle pixels is used (Spatial 

Filters - Median Filter, 2015). The figure 11 shows the image after applying the median filter. 

Morphological processing 

Under morphological analysis, it is intend to use morphological gradient. Morphological gradient is used to 

produce an image using combinations of dilation and erosion operators. Dilation is a process which can be 

used to add pixels to objects in an image and it can be used for both binary and greyscale images. The basic 

effect of the dilation on a binary image may gradually enlarge the boundaries of regions of foreground 

pixels. 

Erosion process removes pixels from objects in an image or it might turn pixels OFF that were originally 

ON.  Erosion operation causes foreground pixels to shrink in size, and holes within those areas to become 

larger. 

Also the intensity is scaled from 0 to 1. It would help further processing easy and adjustment of brightness 

of the image as required. Next, the unwanted small regions such as the heads of screws and scratches have to 

be removed. The minimum unwanted object size is configured accordingly. Finally, for the extraction of 

characters, the image is directed to a process to identify the character segments. The figure 12 shows the 

image after Morphological processes is carried out. 

 

Figure 11. After applying median filter 

Figure 12. After Morphological processing 
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Character segmentation 

Our aim of this research is to recognize the front license plate of a vehicles which lies in a single row. 

Therefore, the segmentation process deals only with finding of horizontal boundaries between characters. 

The character segmentation receives the image on which the Morphological process is carried out and the 

bounding boxes are detected from the input image. The figure 13 shows the output bounding boxes of the 

image which was the output of the previous step. 

 

Template matching 

Template matching is a technique which is used to identify the segmented characters by finding the small 

part in image that match with the template. In this method, the character images need to be stored in a 

database. For template matching, the input images will be the segmented character images from the previous 

step and the template which may produce the highest similarity will be considered as the match. When a 

particular template is found, its center is used as corresponding points to find the parameters (Patel, Shah, & 

Patel, 2013). 

In this project, template matching technique is proposed to be used for character recognition since, the font 

size of the license plates are in a standard size, it is a simple and an accurate method for character 

recognition.  

However, due to some similarities in characters, errors might occur during this process of character 

recognition.  Recognition of letter 'B', number '8' and number '3', letter ‘S’, number '5' and letter 'Q', letter 'G' 

and number '0' are examples for such scenarios. 

 

3. DEVELOPMENT PROCESS 

A prototype was developed using the algorithms which have been described previously. It is a 

MATLABR2014a based development and, few hardware support packages and tool boxes were used in the 

development process. When using LPR prototype for a particular video stream, first it has to be configured. 

Mainly, the foreground detector and the blob analysis parameters have to be determined and have to be 

adjusted accordingly. After that, the monitoring window and the hardware have to be configured. 

 

4. CONCLUSION 

The aim of this project is to develop an algorithm where it can recognize the licence plate of a vehicle from 

a video source. To implement the proposed algorithm, pre-defined functions for processing, available in 

MATLAB have been used. Since license Plate Recognition (LPR) is not widely used in Sri Lanka for the 

time being, a system like this would fill the gap. The work presented in this paper shows positive output for 

nearly 85% when it comes to detection of a vehicle and the plate isolation and recognizing was around 70%.  

 

4.1. Future developments 

As further development, the accuracy of the proposed algorithm can be enhanced. The proposed algorithm 

fails when the isolated license plate is skewed. Also the changes of illumination might mislead the 

algorithm. Therefore this algorithm can be researched further, in order to eliminate the above mentioned 

problems. Also, this algorithm can be enhanced even for non-stationary camera systems with the capability 

to recognize the rear license plates as well.   

Figure 13. Segmented characters 
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