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Abstract 
 
License plate recognition is an essential task in applications like urban vehicle management, intelligent transportation system, traffic 
surveillance and parking management system. In this work, we acquire the images using the mobile app and recognize license plate details 
with the help of our proposed image processing model. The recognized license plate details have been displayed on a customized website. 
The proposed image processing model does the adaptive thresholding on the images with resolution of 1280× 960. The connected 
component analysis using bounding boxes will be performed on threshold image. The desired plate details are highlighted by creating a 
region of interest for maximum magnitude row of an image based on the pixel value, then the statistical and logical operations are used to 
extract the candidate region. After obtaining candidate region, recognition of license plate number has been done using template matching. 
The complete customer details, displayed on the customized website which is connected to the database with the help of plate number. The 
computation time of proposed method is less than the existed methods. 
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1. Introduction 
 

The increase in the number of vehicles from the past few decades 

led to the development of license plate detection methods to reduce 

the human intervention. Many detection methods were developed 

in various countries which were successfully implemented from the 

year 1975. But due to development of the technology, many 

methods 

took its root in developing more accurate detection. License Plate 

Recognition is an image processing technology which is used to 

identify the vehicles and details by extracting and recognizing their 

license plate number. The License Plate number is used to extract 

more information about the vehicle and it’s owner details which is 

used for further processing. For License plate recognition, Gaussian 

filtering and morphological operations give efficient results if the 

number plate follows regular pattern [1]. The Scale-Invariant 

Feature Transform (SIFT) and template matching technique also 

not giving efficient results while the low resolution and blurred 

image feed to the system [2]. There are numerous vehicle tracking 

systems and many of these tracking systems use highly 

sophisticated web cameras [3] for capturing images. This resulted 

in the cost increment of both hardware and software equipment. 

Many of these tracking systems were developed for transportation 

system applications. The automatic number plate recognition 

systems suffer from various constraints which uses more resources 

in terms of hardware, fixed distance, and detection rate. An 

improvement in the vehicle License plate Detection such as reduced 

computation time, less complexity and detecting License Plate 

region more accurately with fewer cost systems will make it a more 

real-time detection system than the existing models. The 

background and plate sizes vary from one country to the other, 

issues can be overcome by doing perfect template matching. The 

system based on pulse coupled neural networks and template 

matching was unable to perform well because that is incapable to 

convert text or data accurately [4]. The unwanted line elimination 

method, chin code, radon transform and multilayer perceptron are 

giving 80In our proposed License Plate Detection Method, a mobile 

camera with 1280×960 resolution is used instead 

of web cameras to capture the License plate (LP) images. An online 

streaming process is performed to transmit the video and detect the 

plate details. The major steps involved in this proposed method are 

adaptive thresholding, connected component analysis, size filtering 

and finally selecting the true plate regions by maximum row size 

magnitude and extracting it to the text file. All these steps are 

performed using MATLAB software. MATLAB is the better choice 

for implementing License Plate Detection and Recognition System 

and for detecting the errors efficiently before the proposed method 

is actually implemented on the real time. And we are using 

VISUALSTUDIO for the creation of a website to automatically 

display the details of the vehicle. 

 

2. Proposed System 
 

The proposed system consists of two phases namely 1. Image 

acquisition stage 2. Image processing method and 3. Extracting 

vehicle details from the server using customized website. The 

image acquisition has been done using mobile which will be fed to 

GUI, it gives extracted number to the website. The customized 

website drags the 

vehicle details from database and display the details. The block 

diagram consists of three phases which are shown in Fig.1.  

 
Figure 1: Block diagram of Proposed System 

http://creativecommons.org/licenses/by/3.0/
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The flow chart of proposed image processing method consists of 

step by step process as shown in figure.2. Using a Matlab 

customized Graphical User Interface (GUI) application which is 

linked to call back functions for a process the acquired image. 

Processing steps include grayscale conversion, adaptive 

thresholding, and morphological operations, connected component 

analysis and size filtering are performed. Template matching is 

done to recognize the number in the image and that will be extracted 

as a text file. These steps that are carried out in different stages, as 

depicted in Fig. 2, will be presented in the following subsections. 

 

 
Figure 2: Flowchart of proposed method 

 

2.1. Image acquisition 

 

Image acquisition plays a major role in this system because it deals 

with the total cost of the system. In the proposed method, we use 

smartphone mobile with Android operating system and camera of 

photo resolution 1280x960 and video resolution of 720x480.The 

mobile camera transmits the live video stream from the remote 

location using an android application called IPWEBCAM. The 

advantage of this type of image acquisition is the reduction in cost. 

The major requirement of this type of video transmission is both 

computer and mobile on the same network. The screenshot of the 

IP WEBCAM is shown Fig.3 

 

2.2. Color to Gray Conversion 

 

The acquired color image from the mobile camera has to be 

converted to grayscale to reduce the image size and for faster 

computation. Color image in RGB (red, green, blue) color model is 

converted into grayscale based on the below equation 

 

𝐼𝑐 =  0: 299 ∗  𝑅 +  0: 587 ∗  𝐺 +  0: 114 ∗  𝐵                         (1) 
 

The obtained gray scale image is fed to the adaptive thresholding 

stage. 

 

2.3. Adaptive Thresholding 

 

Local adaptive thresholding deals with the individual thresholding 

for each pixel depend on the range of intensities in its 

neighborhood. Window size can affect the enhancement of the 

binarized image. If the window is less then it results in poor 

thresholding and if window is large then it is more adversely 

affected by the illumination gradient. Hence an intermediate value 

is selected as window size as this window size acts as neighborhood 

of each pixel to check mean or median of the region and assigns the 

value to the pixel. For this system, we select a window of size 

50X50 and opted for the mean. Each pixel is assigned values based 

on the mean value of all pixels in the selected window size. The Fig. 

4 shows the acquired image and image, after the adaptive 

thresholding operation. 

 

 
Figure 3: Screen shot of IP WEBCAM layout 

 

 
Figure 4: The acquired image and adaptive threshold image 

 

2.4. Morphological operations 

 

Pattern recognition systems use morphological operations such as 

dilation and erosion. These tools are used to reduce noisy objects 

and preserves the objects to represent targeted patterns. After 

adaptive thresholding, the candidate region undergoes with the 

dilation operation to connect broken symbols. On the other hand, 

the erosion is applied to filter out thinner objects in the candidate 

region. Here, these two operations are performed using a 1-pixel-

disk element. The output of morphological stage is further 

processed using connected component analysis. 

 
Figure 5: Morphological output image 
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2.5. Connected Component Analysis 
 

Connected component analysis (CCA) is very popular and familiar 

technique to group pixels in a labelled components depends on pixel 

connectivity [11-12]. An 8-point CCA will extract and locate 

objects for size filtering from the image which is obtained in the 

previous stage. The output of this stage is an array of N objects. All 

the objects that are connected are labeled and indexed. In bounding 

box method, it encloses the labeled region with rectangular box 

completely. Each object in the image is compared and indexed and 

by using region properties, the bounding boxes for the connected 

objects are giving better results. 

 
2.6. Size Filtering 

 

The objects extracted from the CCA stage are filtered based on their 

widths 𝑋𝑜𝑏𝑗 and heights 𝑌𝑜𝑏𝑗 such that the dimensions of the 

License Plate symbols lie between their respective thresholds as 

follows: 

 
𝑋𝑚𝑖𝑛 ≤  𝑋 𝑜𝑏 𝑗 ≤  𝑋𝑚𝑎𝑥                                                                 (2) 
𝑌𝑚𝑖𝑛 ≤ 𝑌𝑜𝑏 𝑗 ≤  𝑌𝑚𝑎𝑥                                                                    (3) 
 

Where 𝑌𝑚𝑖𝑛 and 𝑋𝑚𝑖𝑛 are the values below which a symbol 

cannot be recognized (8 pixels can be taken) and 𝑋𝑚𝑎𝑥 can be set 

to the image width divided by the number of symbols in the license 

number. 𝑌𝑚𝑎𝑥 is calculated as 𝑋𝑚𝑎𝑥 divided by the aspect ratio 

of the used font. The range of these values can be narrowed in the 

case of amounted camera to speed up the process of detection but 

for a moving camera, this constraint depends on the required object-

camera distance. The output of this stage is an array of M objects. 

In this method we have filtered images having width less than 100 

pixels and greater than 8 pixels, similarly heights greater than 8 

pixels and less than 100 pixels. The size filtering stage is followed 

by text 
region extraction which is called as candidate region extraction. 

 

2.7. Candidate region Extraction 

 

Segmentation of the image from the size filtering stage is performed 

to separate license number region. The filtered image is scanned 

row-wise from top to bottom and magnitude of the binary image in 

each row is stored in variables. The row having maximum 

magnitude will be having the license number region so that region 

is cropped. 

The output of the cropped image is as shown in Fig. 6. The objects 

in the cropped image is matched with templates. 

 
Figure 6: candidate region extraction 

 
2.8. Template Matching 

 

Template matching is one of the most famous character recognition 

technique present to identify the characters present in the image. A 

predefined set of alphabets and characters are collected and stored 

in the database. Each image template is created in the Matlab space 

and stored as variables with a size of 24X24. After creation of 

templates, the objects obtained from previous stages are correlated 

with the templates and the correlated values are stored in the 

variables. The characters for which maximum co-relation occurs is 

assigned with the variable. The recognized numbers are stored in 

the text file for further applications. Some of the templates used are 

shown below 

in Fig. 7. The output recognized in the form of text file is opened 

automatically by the Matlab and stored in the directory. 

 
Figure 7: Sampled Templates 

 

3. Display Through website 
 

The text file from the last stage with recognized number details are 

fed to the customized website and performs query operations with 

the database file linked to it. The corresponding vehicle and owner 

details which are already stored in the database is displayed in the 

grid view of the website. All these operations are monitored through 

MATLAB GUI. The license number and its information should be 

displayed for the surveillance purpose, hence a simple website is 

created using C and DOT NET. For this purpose, we have taken 

development environment VISUAL STUDIO. A SQL database file 

is created in the VISUAL STUDIO with all collected details of the 

vehicle license numbers and the owner details with entry time is 

stored in the SQL database file. This database file is linked and 

configured to the website created using DOT NET and C. This 

customized website is automatically displays the details of the 

number and timing detail based on the license plate number given 

to it. 

 

4. Implementation of GUI 
 

All the processing and controlling operations of the license plate 

recognition and image acquisition with displaying the number 

details are controlled by using MATLAB GUI. The created model 

has mainly four link buttons to control the operations of the system. 

Push Button1 is used to access and open the mobile camera video 

in the browser. Push Button 2 is used to take the photo of vehicle 

directly from live video stream and store it in the Matlab directory. 

Push Button 3 is used to perform all image processing operations to 

extract the number and Push Button 4 links with the customized 

website. The GUI layout created for this work is as shown below in 

the Fig.8 

 
Figure 8: GUI Layout 

 

5. Testing and Validation 
 

The proposed system is validated for surveillance purpose and 

tested for all vehicles irrespective of their colors and sizes. This 

method is valid up to 5-6 feet’s of distance between the camera and 

license plate. The environmental conditions has been list out in the 

Table 1 to perform and validate the proposed system. Proposed 

method have been tested for 1200 vehicles and results shows 96.6% 

accuracy with good precision. The computation time for the 

proposed system is about 35 ms and this shows superiority of the 

method compared to existing methods. 
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Table 1: List of Environment conditions 

 
Table 2 represents comparison of different methods in terms of 

recognition accuracy and computation time. The proposed system 

reduces the cost and human intervention in the authorised parking 

systems. It can also be used in the applications such as Intelligent 

Transportation Systems, vehicle tracking systems and etc. 

 
Table 2: Comparison of results 

 
 

6. Conclusion 
 

A new license plate recognition system is proposed to recognize 

and access the vehicle data for the surveillance purpose. In this 

approach, mobile and Matlab GUI has been used which are cost 

effective. The image processing model is used here consists of 

adaptive thresholding, connected component analysis and template 

matching which helps the system to reduce computation time 

inherently. The computation time has been drastically reduced 

when we compare with the previous methods, the proposed system 

gives less computation time and high accuracy. Existing methods 

takes only one pixel for reference but this method takes all 

surrounding pixels of image while calculating adaptive 

thresholding and template matching. This is tested for authorized 

parking systems for about 1200 vehicle data and successfully 

achieved the results of about 96.6% accuracy with a computation 

time of 35ms. 
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