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ABSTRACT 
 

The detection and identification of Vehicle License Plate (VLP) is essential in many smart cities applications including smart 

car parking, stolen vehicle’ recovery, traffic monitoring, automatic toll payment etc. Based on the fact that images/video 

contain huge information, the object extraction, identification and tracking using image/video processing techniques is one 

of the attractive methodologies that can be applied in the aforementioned applications. The detection and tilt correction of 

VLP is an important task which significantly affects the accuracy of the character segmentation/recognition and in turn the 

VLP identification. In this work, I have explored and developed an effective scheme for the extraction of VLPs in images 

captured from various angles and at varying distances.  I have applied convolution based method which uses vertical and 

horizontal filtering for localizing the horizontal and vertical borders of the VLP. Based on these borders, the VLP is 

extracted from the captured images. In the experiments, the real captured images of the vehicles at various distances and 

angles from the vehicle are used. The simulation results show that the proposed method is efficient for extracting the VLP 

from the images.  
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1. INTRODUCTION 

 

 In [1], the authors identified the constituents parts 

of smart cities which include smart transportation, smart 

buildings, information and communication technology 

(ICT), smart grids, good governance, efficient healthcare 

system etc. The smart cities are well organized because of 

the successful operations of these individual constituent 

parts. The authors further said that smart city is a city where 

daily activities and other services are made efficient, well 

organized and manageable.  

 It can be generalized that, in a smart city, the 

communication and other latest technologies are converted 

into enhanced services for inhabitants. The communication 

and other advance technologies are applied in smart city for 

enhancing the quality of life of the inhabitants.  

 The main promising and enabling technologies for 

transforming ordinary cities into smart cities are Big Data 

(BD) analytics, ICT and Internet of Things (IoT). In the last 

few years, there has been remarkable progress in the 

mentioned technologies because of the progression in 

communication infrastructure, embedded systems, 

hardware/software design methods and BD generated from 

many sensors. The BD generated by various sensors in the 

smarts cities, can be processed and transformed into useful 

information by utilizing the advance machine learning and 

deep learning methods.  

 Although the technology is advance enough for 

transforming existing cities into smart cities but still there 

are a lot of challenges and opportunities for advancements in 

these technologies. The smart transportation system is one 

of the key constituent parts of the smart cities and it has a 

profound impact on the social, economic and environmental 

aspects of the smart cities.  The smart parking and traffic 

monitoring systems are the core research areas [2]-[10].    

  

 The smart parking systems in smart cities not only 

help in the reduction of the cost related to monitoring and 

collecting fines/fee but it also assists in traffic congestion 

reduction. By deploying the smart parking system in the 

smart cities, the drivers can quickly localize the empty 

parking places [2]-[6]. 

 The development and deployment of efficient 

traffic monitoring system is highly important for managing 

congestion in the smart cities. In the last several years, many 

researchers and practitioner have given considerable 

attention to the problems of traffic management in big cities. 

Many organizations proposed and implemented various 

projects for solving many issues such as huge waiting time 

at inter-sections, safety, reliability and congestion reduction 

[7]-[10]. 

 In [7], the authors proposed an intelligent transport 

system and their focus has been on the improvement of the 

traffic flow on the roads of Hong Kong. They collected and 

analyzed road traffic data for reducing the traffic congestion. 

In [8], the authors investigated the collected data from 

sensors for congestion avoidance on the roads. In [10], the 

authors developed a model for exploring the impact of the 

vehicles on safety, jamming,  congestion and environment. 

Their focus has been on enhancing traffic safety. 

 In [12] and [13], the authors investigated, 

developed and deployed a traffic monitoring system for 

work zone. The authors in [14] investigated a traffic 

congestion method based on discovery and quantification. 

They applied fuzzy assessment for improving the real time 

performance. Their simulations results indicate that their 

investigated technique can be used for precisely replicating 

the road condition.  

 The aim of all these explorations by different 

researchers in various projects has been on reducing the 

pollution, increasing safety as well as reducing the stuck 
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time in traffic. It will result in smooth traffic flow at roads 

and junctions as well as healthier citizen in the smart cities.  

  

 The vehicle recognition is the fundamental part in 

the different core research areas of smart transportation 

systems such as smart parking system [2]-[6], smart traffic 

monitoring systems [7]-[10] and automatic toll payments 

system [15]. The accuracy of these systems is dependent on 

performance of VLP detection/recognition system.  The 

recognition of the vehicles based on image processing 

algorithms is challenging due to many reasons such as 

vehicle movement at capturing time, harsh outdoor 

environment, different background  and many VLP formats 

[2]-[12].  

 The VLP in the captured images may be tilted due 

to the vehicle’s movement at image capturing time, which 

significantly affect the accuracy of the vehicle identification. 

The VLP may also be represented by fewer or larger number 

of pixels corresponding to smaller and larger area in the 

captured images due to image capturing from nearby or 

faraway point.  Accurate VLP detection in the captured 

images is important and vital for the complete vehicle 

identification system. 

 The smart car parking, stolen vehicle’ recovery, 

traffic monitoring and automatic toll payment systems 

requires accurate and reliable VLP detection and 

identification system, which is main scope of this work.  

The focus is on the description of an approach for the 

extraction of the VLP based on image sensing and 

processing.  

 So, for evaluating the performance of the proposed 

approach, vehicle’s images captured from varying distances 

and at various rotations are required. Using these images, I 

evaluated the efficiency and accuracy of the proposed VLP 

detection scheme. The image processing flow from 

capturing up to VLP detection includes many complex tasks 

including pre-processing, filtering, segmentation and 

morphology.  

 The key contribution of the proposed work is to 

present a new strategy for sensing with multimedia sensors 

based on the extraction of the VLP and its transmission to 

the end user. The focus is on the specification of a strategy 

intended to extract the VLP based on image sensing and 

processing.  

 There is a possibility for there to be significant 

variations in the background illumination, the location and 

the alignment of the VLP in the captured images. Thus, for 

analyzing the efficiency of the VLP extraction scheme, 

images of the vehicles captured from different distances and 

various angles are required. Based on these captured images, 

the aim is to determine the effectiveness of the VLP 

extraction algorithms. Specifically, the interest is in 

extracting VLP from captured images where it is at different 

locations as well as at different angles in the images. 

 In the rest of the paper, firstly, the related work is 

provided in Section II. The experimental setup of the 

strategy for VLP extraction is presented in Section III. The 

Section IV presents the results and discussion while Section 

V provides the conclusion of the paper. 

 

 

2. RELATED WORK 
 

 The extraction and recognition of license plate is a 

core research area, which has gained significant attention 

from the researchers over the years. The detailed 

survey/review articles of license plate detection/recognition 

systems  were presented in [16], [17].  

 A Vehicle License Plate Detection and Recognition 

System was presented in [18]. A Region based accurate 

object detection and segmentation was presented in [19]. 

Vertical edge based car license plate detection/matching 

methods were explored in [20], [21]. Application-oriented 

license plate recognition was explored in [22].  

 Morphology based approach for license plate 

detection was investigated in [23]. A region and edge based 

vehicle license plate detection method was explored in [24]. 

The inter-correlation based VLP detection method was 

explored in [25]. The authors in [26]-[28], explored color 

image based methods for  VLP detection. The authors in 

[21], presented VLP detection method based on a fast 

vertical edge detection algorithm (VEDA) for enhancing the 

speed and unwanted-line elimination algorithm (ULEA) for 

enhancing the image. They concluded that VEDA performs 

better in terms of accuracy, complexity, and processing 

time.  

 The authors in [22], divided vehicle license plate 

recognition (LPR) into three major categories. They 

proposed a solution based on parameter settings for the three 

categories of applications. Their solution is based on three 

modules for plate detection, character segmentation, and 

recognition. They explored and used the application-

oriented license plate (AOLP) database for assessing the 

performance of their proposed solution. They 

experimentally proved that their solution performs better 

than many of the previous solutions.  

 The authors in [23], explored a morphology based 

license plates detection method. They applied a morphology 

based method for extracting important contrast features. 

Then, they applied a recovery algorithm to reconstruct a 

license plate from its fragmented parts. Their Experimental 

results proved to be better in terms of robustness and 

effectiveness for license plate detection. 

 In [24], the authors explored a region-based 

filtering method for license plate detection. They used the 

Sobel operator for extracting the vertical edges and 

morphological filtering for extracting the candidate regions. 

Their experimental results show that they achieved 

appropriate performance in different scenarios. 

 For extracting car plate among the candidate region 

in the image, the authors in [28], considered color 

descriptors and geometrical criterion. The geometrical 

criterion includes geometrical restrictions to remove many 

of false positives from nominee region. They used colour 

information to spot the license plate among nominee 

regions. They proved the robustness of their method by 

performing tests on the images of the car in very complex 

scene. 

 The neural network (NN) based techniques for 

VLP detection are intended to train classifiers for offering 

appropriate response to the VLP images. In order to increase 

the convergence precision of the NN, the authors in [29] 
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used the gradient technique to excellently train the NN and 

to determine the global optimum with decent performance. 

The authors in [30]-[32], also investigated VLP detection 

method based on NN technique.  

 All the above mentioned VLP extraction methods 

are computationally intensive and require high processing 

power as well as increased execution time. Hence, there is a 

need for a VLP extraction method which involves few 

arithmetic operations and thus will require less processing 

power and execution time.  

 In this current work, an efficient scheme for VLP 

extraction based on applying 2D convolution on the pre-

processed images is proposed and evaluated. Initially, the 

gradient of the captured image is determined both in the 

vertical and the horizontal directions. Then the 2D 

convolution is applied on the gradient image to determine 

the vertical and horizontal boundaries of the VLP. Finally, 

using the determined boundaries, the VLP is extracted from 

the original image. 

 

3. Methodology 
 The VLP is a unique identification of the vehicle 

and it corresponds to exactly one vehicle. So, accurate 

extraction and processing of the VLP is essential for the 

traffic monitoring. The image processing flow for the 

extraction of the VLP is presented in Fig. 1, where the 

resultant images at different intermediate stages of the 

algorithm are shown.  

 Image capture: In the first step, the image of the car 

is captured which is shown in Fig. 1 (A).  

 Grey scale conversion: Since, the goal is to 

determine the boundaries of the car license plate, which are 

exactly the same in color and grey scale images. But the 

processing complexity of the algorithm will be reduced by 

applying it on the grey scale image. So, the captured RGB 

image is converted into grey scale image by using equation 

(1), where the G, R and B are the Green, the Red and the 

Blue components of the color image respectively. The 

resultant grey scale image is shown in Fig. 1 (B). 

 

G*0.114G*0.587R*0.299Image scalegrey 
         (1) 

 

   Gradient Image: In this step, the gradient image 

from the grey scale image  is determined. Let us consider 

that N (a two dimensional matrix) represents the grey scale 

image and G represents the gradient matrix. The gradient 

matrix can be determined using equation (2).  

 

   22
),()1,(),(),1(G jiNjiNjiNjiN 

    (2) 

 

 Fig. 1 (C), shows that, due to the slow movement 

of the gradient, the areas with constant grey scale values in 

the grey image are converted into dark areas.  

 2D Convolution: The 2D convolution (equation (3), 

(4)) is applied on the gradient image. The matrices Y, G and 

F in equation (3) and (4) are the output image, gradient 

image and the impulse response of the filter respectively.     

Camera
Image 

Capture

RGB to 
Grey 

Conversion

Grey to 
Gradient 

Conversion

Horizontal 
Filtering

Vertical 
Filtering

(B): Grey Image
(D): Image after 

Horizontal Filtering

(A): RGB Image (C): Gradient Image

(E): Extracted VLP

 
Fig. 1.  The flow of the tasks along with results at different stages of the algorithm. 
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The 2D matrix F which is impulse response of the filter is 

formed for filtering the gradient image. The purpose is to 

separate out the VLP from the rest of the car image.  

 

n]F[m,*n]G[m,=n]Y[m,
                                   (3) 


 

M

1i

N

1j

j]-ni,-j]F[mG[i,=n]Y[m,

            (4) 

 

 By carefully observing the gradient image of Fig. 1 

(C), one can see that the boundaries of the digits/letters have 

more white pixels compared to the rest of the image. Though 

there are noise (white pixels) at some other boundaries in the 

image but their width is small compared to the width of the 

boundaries of the digits/letters (VLP) and hence can be easily 

filtered out by the convolution. The VLP in the gradient image 

can be localized by convolving the gradient image with 2D 

unit impulse function. The 2D unit impulse function acts as a 

filter, for extracting the VLP. 

 By utilizing the shifting property of the 2D unit 

impulse function, one can easily separate out the bright area of 

the gradient image (the bright area corresponds to the VLP). 

Equation (5) represents 2D unit impulse function.   



 

otherwise

nmfor

                    0

0,0            1
=n][m,2

              (5) 

 

 One of the important property of unit impulse 

function is shifting which is shown in equation (6) below 

 









m -n

00002 ]n,P[mn]]P[m,n-n,m-[m
  (6) 

  

Equation 6 implies that the unit impulse function can be 

used to pick out another function P (the VLP in this case) at x-

axis when m=m0 and at y-axis when n=n0.  

 Horizontal Filtering: Firstly, the gradient image is 

filtered horizontally. The reason for this is that the VLP 

normally holds bigger size in horizontal direction. So, it will 

be beneficial to remove the unwanted noise in horizontal 

direction. For removing noise in horizontal direction, gradient 

image is convolved with the filter’s impulse response.  

 The filter’s impulse response is a 2D matrix (also 

known as kernel image), whose rows are exactly the same as 

that of the gradient image. The width (the columns of the 2D 

matrix) of the filter’s impulse response is approximated based 

on the width of the object to be detected (the VLP in this 

case). I tried various values for the width (i.e. columns) and 

selected 20 columns based on my experiments with different 

images. Based on equation (5), all values in the kernel image 

are 1’s.  

 It is previously observed that the boundaries of the 

digits/letters of VLP in the gradient image are white pixels. 

So, the brightest area in the resultant image after convolution, 

corresponds to the VLP. The horizontal boundaries of the VLP 

are determined in the convolved image using a threshold value 

of 0.5. All the pixels of the resultant image are scanned row 

wise and are compared with the selected threshold value. The 

VLP area in the resultant image is the brightest and hence 

pixels’ values in this area are greater than 0.5.  

       So, in the proposed algorithm, the column index of 

the first pixel in a row where the pixel’s value is greater than 

the threshold is saved/stored. Similarly, in scanning the same 

row, the column index of the first pixel where the pixel’s 

value becomes less than the threshold is saved/stored. In this 

way the two horizontal boundaries of bright area are obtained. 

But the detected boundary could belong to some noise in the 

resultant image (convolved image). So, the strategy is to count 

the number of pixels between the detected boundaries and 

select the farthest boundaries. Since, VLP is wider than any 

other small noise, so in this way the true boundaries of the 

VLP is selected. Based on the determined horizontal 

boundaries of the VLP, the horizontal part of the VLP is 

extracted from the Grey image and is shown in Fig. 1 (D). 

 Vertical Filtering: Normally, the width of the VLP is 

about the double of its height. Based on this observation, the 

number of columns in the kernel image is selected to be 10 

(i.e. half of horizontal filtering), while the number of rows in 

the kernel image are kept the same as that of gradient image.  

 Using the horizontal boundaries of the VLP, the 

horizontal part of the VLP is extracted from the gradient 

image and is convolved with the new kernel image. Again, the 

brightest area in the resultant image (newly convolved image) 

corresponds to the VLP. Similar to the procedure used for 

detecting the horizontal boundaries, the vertical boundaries of 

the VLP is determined using a threshold value of 0.5. By using 

the vertical and horizontal boundaries, the VLP from the grey 

image is extracted and shown it in Fig. 1 (E). 

 

4. RESULTS AND DISCUSSION   

 
 The various image processing tasks of the algorithm 

in Fig. 1, are implemented using Matlab. The developed 

Matlab script is used to process different images of the 

vehicles captured in different conditions such as varying 

distances from the vehicle and various capturing angle of the 

camera.  The grey images of the vehicle and the detected 

license plates are shown in Fig. 2, for varying distances 

between the vehicle and the camera. The purpose is to 

evaluate the robustness of the developed algorithm against 

images captured at various distances. Fig. 2 (A) shows that the 

VLP in the image captured from a closer distance is large 

compared to that of Fig. 2 (B). 

Fig. 2, clearly shows that the image of the vehicle is 

captured from varying distances between the camera and the 

vehicle. Even though the images were captured from different 

distances, but still the developed algorithm accurately detected 

the vehicle license plates. The reason for this is that in in the 

developed algorithm, the image is scanned row wise from left 

to right and starting and ending pixels of the brightest 

object/area are determined.  

 The two boundaries which are farthest from each 

other are selected for ensuring that the VLP is accurately 

detected. The connected bright pixels belonging to unwanted 

noise are not farthest from each other. This is the main reason, 

which resulted in accurate extraction of the VLP in the images 

with varying distances of the vehicles from the camera (Fig. 

2). So, the location of the VLP in the images is not important.  
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(A): The grey image 

captured at distance 1 and 

detected VLP 

 

 
 

        
(C): The grey image 

captured at distance 3 and 

detected VLP 

(B): The grey image 

captured at distance 2 and 

detected VLP 

 

 
 

     
(D): The grey image 

captured at distance 4 and 

detected VLP 

Fig. 2. Varying distances between the vehicles and the camera. 

  

 The grey images of the vehicle and the detected 

license plates for varying capturing angles of the camera are 

shown in Fig. 3. Even though the images in Fig. 3 are captured 

from different angles but still the proposed algorithm 

accurately detected the VLP. So, the proposed algorithm is 

resilient to both the capturing angle and varying distance of 

the vehicle from the camera.  

 

  
 

 
(A): The grey image 

captured at angle α and the 

detected VLP 

 

       
(B): The grey image 

captured at angle β and the 

detected VLP 

Fig. 3. Detected VLPs for varying capturing angles. 

 

 

 

5. CONCLUSIONS 
  

In this work an algorithm is developed and evaluated for 

VLP extraction in images of vehicles captured in varying 

conditions such as different background, different capturing 

angles and varying distances between the camera and the 

vehicle. The extraction and the tilt correction of the VLP is an 

important task which considerably affects the accuracy of the 

character segmentation/recognition. In this work, an effective 

scheme is developed and explored for the extraction of VLPs 

in images captured from various angles and at varying 

distances.  The convolution based method is applied which 

uses vertical and horizontal filtering for localizing the 

horizontal and vertical borders of the VLP. Based on these 

borders, the VLP is extracted from the captured images. The 

developed algorithm accurately detected the VLP in the 

different images captured under different circumstances such 

as different background, capturing angle and capturing 

distance. By detecting the VLP accurately with few arithmetic 

operations, the execution time of the algorithm will be low 

which will lead to longer network lifetime.  
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