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Abstract 
 Car License Plate Detection and Recognition System (CLPDRS) is an image processing technology used to identify 
vehicles by capturing their license plates. CLPDRS is usually based on an image acquired at high resolution 
 using outstanding cameras which increases the cost of the system in both hardware and software. We propose a fast 
and cost effective method for Indian Car License Plate Detection (CLPD). The proposed method uses a web camera 
instead of a more sophisticated camera to capture the vehicle images, and an offline process is performed to detect the 
license plate from the image. The low resolution input image is binarized using adaptive thresholding(AT), after 
applying an adaptive median filter (AMF) to remove noise. Then, an Unwanted Line Elimination Algorithm (ULEA) 
is used to remove unwanted lines so as to enhance the image. An improved Vertical Edge Detection Algorithm 
(VEDA) is introduced to extract the vertical edges so as to reduce the computation time of the whole CLPD method. 
Then, the desired plate details between the vertical edges are highlighted. The license plate region is extracted after 
detecting the true candidate region using statistical and logical operations. The large diversity in the features of Indian 
license plate makes its localization a challenging task for the research community. 
 
Keywords: adaptive median filter (AMF), adaptive thresholding (AT), Vertical Edge Detection Algorithm (VEDA), 
Car License Plate Detection (CLPD). 
 

1. Introduction 

 The Car License Plate (CLP) recognition system is an image processing technology used to 
identify vehicles by capturing their car license plates. It is an important aspect of applying computer 
techniques towards Intelligent Transportation Systems (ITS). It is known as automatic number-plate 
recognition, automatic vehicle identification, CLP recognition, or optical character recognition for cars. 
The CLP detection and recognition system (CLPDRS) became an important area of research due to its 
various applications, such as the payment of parking fees, highway toll fees, traffic data collection, and 
crime prevention [1]. 
 Usually,  a CLPDRS consists of three parts: license-plate (LP) detection (LPD), character 
segmentation, and character recognition. Among these, LPD is the most important part in the system 
because it affects the system’s accuracy significantly [2]. 
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 There are many issues that should be resolved to create a successful and fast CLP detection 
system (CLPDS), e.g., poor image quality, plate sizes and designs, processing time, and background 
details and complexity [3]. In vehicle tracking systems, cameras are used and installed in front of police 
cars to identify vehicles. Usually, numerous vehicle tracking and pursue systems use outstanding cameras 
[4], and this leads to cost increment of the system in both hardware and software. Since many methods 
have been proposed in various intelligent transportation system applications, the CLPDRS is usually based 
on an image acquired at high resolution [6]. An enhancement of CLPD method performance such as 
reduction of computation time or even the build of the LP recognition system with lower cost of its 
hardware devices, will make it more practical and usable than before [1]. 
  
 This project proposes a new method for CLPD, in which a web camera with low resolution is 
used instead of a more sophisticated web camera to capture the images, and an offline process is 
performed to detect the plate from the whole scene image. After converting the colour input image to 
graysale, an adaptive median filter is applied to remove noise from the image. Then it is binarized  using 
adaptive thresholding (AT). An unwanted-line elimination algorithm (ULEA) is used to remove unwanted 
lines in the image and a new Vertical Edge Detection Algorithm (VEDA) is introduced to reduce the 
computation time of the whole CLPD method. After the vertical edges have been detected by the VEDA, 
the desired plate details based on color information are highlighted. Then, the candidate region based on 
statistical and logical operations will be extracted. Finally, an LP is detected. 
   
   
  Some of the images of regular license plates, used in developed countries, have standardized 
specifications. However, in India, the license plates are not yet standardized across different states, making 
localization and subsequent recognition of license plates extremely difficult. Moreover, in India license 
plates are often written in multiple scripts. This large diversity in the features of the license plate makes its 
localization a challenging problem for the research community [8]. For the proposed system the web 
camera span angles are to be between +200 and −200, whereas camera tilt is set between 00  and 200. 

 2. Related Work 

  
 There are several LPD methods that have been used before, such as morphological operations, 
edge extraction, combination of gradient features, salience features, a neural network for color or grayscale 
classification, and vector quantization. 

 Due to ambient lighting conditions, interference characters, and other problems, it is difficult to 
detect LPs in complex conditions. Some of previous LPD methods are restricted to work under certain 
conditions, such as fixed backgrounds and known color. In previous years, some researchers have been 
working on LPD in complex conditions. An LPD algorithm using both statistical features and LP 
templates was proposed. After the statistical features were used to select the regions of interest (ROIs), LP 
templates were applied to match the ROI. In many cases, general LP templates are very difficult to be 
constructed. Another algorithm was proposed to detect LPs under various conditions. This algorithm used 
character regions as basic units of LPs, which make the algorithm quite robust to viewpoint and 
illumination. However, this algorithm could hardly highlight characters overlapping from the true LPs. In 
[5], an LPD algorithm using color edge and fuzzy disciplines has been proposed. However, it can only be 
used with certain colors. 

 Vertical edge extraction is one of the most crucial steps in CLPD because it influences the whole 
system to correctly detect the LP. An edge map has vastly reduced complexity, and it retains the important 
structure present in the original image. Thus, a vertical edge map has been used for LPD for many years 
[2],[7]. The given algorithms used a one-directional Sobel operator to extract the vertical edges. 
Nevertheless, some undesired details such as horizontal edges are kept in such vertical edge map. 
Therefore, these details can increase the processing time and reduce the system accuracy. In some 
methods, an image enhancement and Sobel operator was used to extract the vertical edges of the car 
image. They used an algorithm to remove most of the background and noisy edges. Finally, they searched 
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the plate region by a rectangular window in the residual edge image. Recently, an improved the method 
was proposed by enhancing the low-quality input image and then extracting the vertical edges. Then, 
morphological filtering is used to constitute some regions as plate regions. Zhang et al. defined a new 
vertical gradient map to extract statistical features. The authors constructed two cascade classifiers based 
on statistical and Haar features to decrease the complexity of the system and to improve the detection rate. 
However, this method will take much processing time even with low-quality images. 

 Bai et al. proposed an algorithm for LPD for monitoring the highway ticketing systems. Their 
algorithm presented a linear filter to smooth the image and to overcome the influence of light. In addition, 
vertical edge detection was used for suppressing horizontal noise. Then, the edge density was measured 
and compared with the true plate region density. A nonlinear filter was applied to remove the narrow 
horizontal lines. Finally,a connected component analysis algorithm was applied to show and to locate the 
LP features. However, their algorithm works better with a fixed background and a stationary camera. 

 The most common and earliest edge detection algorithms are those based on the gradient, such as 
the Sobel operator and the Roberts operator. Numerous previous methods have used the Sobel operator to 
extract the vertical edges in vehicle images. Vertical edge extraction is one of the most crucial steps in 
CLPD and VEDA is an efficient method to extract vertical edges. 

 A low-resolution implement image produced by a web camera is one of the issues that should be 
solved. The purpose of using low-resolution images with the CLPDS is to gain three advantages: less 
memory size, less cost, and low computing time [1]. 

3. Proposed Method for Car License Plate Detection 

 
 This paper propose a CLPD method which can process low resolution input images. It 
implements car license plate detection using a web camera with low resolution instead of a more 
sophisticated one, making it cost effective and computationally efficient. A web camera with a low 
resolution  240 × 320 with 30 fps is used to capture the images, and an offline process is performed to 
detect the plate from the whole scene image. The low resolution input image is binarized using adaptive 
thresholding(AT), after applying an adaptive median filter (AMF) to remove noise from the image. Then, 
an Unwanted Line Elimination Algorithm (ULEA) is applied to remove unwanted lines in the image. A 
improved Vertical Edge Detection Algorithm (VEDA) is introduced to extract the vertical edges and to 
reduce the computation time of the whole CLPD method. Then, the desired plate details between the 
vertical edges are highlighted and the license plate region is extracted after detecting the true candidate 
region using statistical and logical operations. 
 
 
The proposed system is divided into three stages . 
 
 
1) Preprocessing 
2) Vertical Edge Detection 
3) License Plate Extraction 
 
The steps involved in each stage is shown in the block diagram. 
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Figure 1. Block diagram of the proposed method 
 
3.1 Preprocessing 
 
 Preprocessing is required to improve the input image quality and to generate enhanced image for 
further processing.  The low resolution  colour input image is converted to grayscale image and binarized 
using adaptive thresholding, after applying an adaptive median filter to remove noise from the image. 
Then 
unwanted lines are removed from the binarized image. 
 
 
3.1.1  Adaptive Median Filtering 
 
  Adaptive median filtering continues to be applied widely since an advanced method in 
comparison to standard median filtering. The Adaptive Median Filter performs spatial processing to find 
which pixels with in image have been full of impulse noise. The Adaptive Median Filter classifies pixels 
as noise by comparing each pixel within the image to its surrounding neighbour pixels. The volume of the 
neighbourhood is adjustable, and also threshold when it comes to the comparison. A pixel that is 
undoubtedly not the same as several its neighbours, in addition to being not structurally aligned with those 
pixels to which it is analogous, is tagged impulse noise. These noise pixels are substituted with the median 
pixel value of the pixels on your street which have passed the noise labelling test. 
 
 
It has the following purposes: 
 
1) Remove impulse noise. 
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2) Smoothing of other noise. 
3) Reduce distortion, like excessive thinning or thickening of object areas. 
 
3.1.2  Adaptive Thresholding  
 
 Adaptive Thresholding (AT) technique is used for convert the grayscale  image into binary image. 
Input images to license plate detection system contain unevenly distributed gray  intensities, such as the 
images with poor contrast. Therefore,  the crucial point is to use an effective technique for binarization. 
Otherwise, the method would fail to extract the  license plate region from the vehicle image correctly. 
Usually global thresholding is faster than adaptive thresholding, but global thresholding does not perform 
well in terms of output quality. Thus, many researches have been done in order to develop adaptive 
thresholding performance to save more processing time. Adaptive Thresholding using the integral image 
of the input image is more robust to illumination changes in the image than others and is found to be 
suitable for real time processing. 
 
 
3.1.3  Unwanted Line Elimination  
 
 Thresholding process in general produces many thin lines that do not belong to the LP region. 
These lines may interfere in the LP location. Therefore, it is important to eliminate them from the image. 
For this purpose, an Unwanted Line Elimination Algorithm (ULEA) is applied on the binarized image. 
While processing a binary image, the black pixel values are the background, and the white pixel values are 
the foreground. Since the Indian license plates have black letters on a white background,  the complement 
of the binarized image is taken for processing. The output is an enhanced image. 
 
 There are four cases in which unwanted lines can be formed as shown in figure 2.  
 
  1) The line is horizontal with an angle equal to 0 as (--). 
  2) The line is vertical with an angle equal to 90 as ( | ). 
  3) The line is inclined with an angle equal to 45 as ( / ). 
  4) The line is inclined with an angle equal to 135 as ( \ ). 

  
 
 
 
 
 
 
 
Figure 2.  The 
four cases for 

converting 
center pixel to foreground. 

 
 A 3 x 3 mask is used throughout all image pixels. Only black pixel values in the thresholded 
mage are tested. Once, the current pixel value located at the mask center is black, the eight-neighbouring 
pixel values are tested. If two corresponding neibouring pixel values are white together as shown in figure 
2, then the current pixel is converted to a white value as a foreground pixel value. 
 
 
Algorithm for Unwanted Line Elimination Algorithm (ULEA) 
 
Input : Binarized image. 
Output : Enhanced image. 
 
for every pixel in the binarized image  
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 check the pixel value of input image at which the mask is centered 
 if center pixel is black then 
   eight-neighbour pixel values are tested 
  if any two corresponding neibouring pixel values are white together then 
   the corresponding pixel of output image is set to white 
  end if 
 end if 
end for 
 
 
3.2 Vertical Edge Detection Module  
  
 Vertical edge detection method is used in ALPR systems in order to extract the details 
 of plate edges. Vertical edges are preferred in ALPR rather than horizontal edges 
 because the vertical edges have rich information to be showed and highlighted in the 
 plate region. An improved Vertical Edge Detection Algorithm (VEDA) is used for detecting the vertical 
edges in the enhanced binary image. 
 The advantage of the VEDA is to distinguish the plate detail region, particularly the beginning 
and the end of each character. After thresholding and ULEA processes, the image will only 
 have black and white regions, and the VEDA is processing these regions. The idea of the VEDA 
 concentrates on intersections of black-white and white-black regions . A 2 x 4 mask is proposed for this 
process, where (x,y) represent the center of the mask. The center pixel of the mask is located at 
 point (0, 1). By moving the mask from left to right, the black-white regions will be found and the 
 last two black pixels will only be kept [1]. 

 
 
 
 
 
 
 

Figure 3.  The intersection of black-white and white-black regions. 
 
The left side arrow shows the black-white region and the right side arrow shows the white-black region. 

 
 

 
Figure 2.  The design of the proposed mask 

 
The proposed mask has the size of 2 x 4 to fulfill the following two criteria. 
 
1) The 2 x 4 mask is divided into three submasks: 
 
  a) The first submask is the left mask “2 x 1,”  
  b) The second submask is the center “2 x 2,” and  
  c) The third submask is the right mask “2 x 1,” 
 
2) The number “2” points out the number of rows that are checked at once. The consumed time in this case 
can be less twice in case each row is individually checked. 
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 This proposed mask is applied for both of the edges at the left and right sides of the object-of-
interest. The first submask is used to detect the vertical edges at the intersections of black-white regions 
and the third submask is applied on the intersections of white-black regions. The first edge can have a 
black-pixel width of 2, and the second edge can have a black-pixel width of 1. The 2 x 4 mask starts 
moving from top to bottom and from left to right. If the four pixels at locations (0, 1), (0, 2), (1, 1), and (1, 
2) are black, then the other mask values are tested if whether they are black or not. If the whole values are 
black, then the two locations at (0, 1) and (1, 1) will be converted to white. Otherwise, if column 1 and any 
other column have different values, the pixel value of column 1 will then be taken.  
 
 This process is repeated with the whole pixels in the image. The searching process for the LP 
details could be faster and easier because this process searches for the availability of a 2 pixel width 
followed by a 1 pixel width to stand for a vertical edge. This mechanism of searching could save more 
processing time. In addition, there is no need to search again once the 1 pixel width is faced. These two 
features could make the searching process faster and easier.  
 
 
 
Algorithm for Vertical Edge Detection Algorithm (VEDA) 
 
Input : Binarized image after applying ULEA. 
Output : Image showing vertical edges along intersection of black-white and white-black regions. 
 
if four pixels at locations (0, 1), (0, 2), (1, 1), (1, 2) of the input are black then 
 remaining mask values are tested. 
 if whole values are black then 
  pixels at the two locations (0, 1) and (1, 1) will be converted to white. 
 else 
  pixel values of (0, 1) and (1, 1) are stored. 
 end if 
end if 
 
 
3.3 License Plate Extraction     
 
This stage consist of the following steps: 
  
      1) The desired plate details based on color information are highlighted based on the pixel value with 
the help of the VEDA output. 
    2) Statistical and logical operations are used to detect candidate regions and to search for the true 
candidate region. 
      3) LP area is detected and extracted. 
 
3.3.1  Highlight Desired Details Based on VEDA (HDD) 
 
   This process depends on the VEDA output in highlighting the plate region. All the pixels in the vertical 
edge image will be scanned. When there are two neighbouring black pixels and followed by one black 
pixel, as in VEDA output form, the two edges will be checked to highlight the desired details by drawing 
black horizontal lines connecting each two vertical edges. First, these two vertical edges should be 
surrounded by a black background. Second, the value of horizontal distance hd represents the length 
between the two vertical edges of a single object. The hd has been computed using the test images and 
yields better results when hd is between 2 and 33 . The hd value is selected to be suitable for removing 
long foreground and random noise edges that have not been eliminated earlier. This scanning process will 
start moving from left to right and from top to bottom. After all pixels are scanned, the regions in which 
the correct LP exists are highlighted. 
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3.3.2 Candidate Regions Extraction (CRE) 
 
 This process is divided into four steps as follows: 
 1) Count the drawn lines per each row. 
 2) Divide the image into multi-groups. 
 Dividing the image into multigroups could be done using how many groups = image height/C, 
where how many groups represents the total number of groups, height represents the total number of 
image rows, and C represents CRE constant. 
 3) Count and Store Satisfied Group Indices and Boundaries.          
 Each group will be checked; if it has lines greater than or equal to a given threshold then it is 
considered as a part of the LP region. The threshold depends on the distance  between the web camera and 
the license plate. 
   4) Select Boundaries of Candidate Regions. 
    In this step horizontal boundaries are drawn above and below each candidate region. 
 
 There may be more than one candidate region interpreted from horizontal-line plotting, and under 
such conditions an additional step is required before the LP region can be correctly extracted. 
 
3.3.3 License Plate Extraction and detection 
 
 This process aims to select and extract one correct LP. The number of black pixels in each candidate 
region column (blackness-ratio) is checked. If it is greater than a threshold, a new black vertical line is 
drawn to replace the current column with the new one. Otherwise, the current column is replaced with the 
white background. Therefore, the numerical representation for selecting the LP region can be formulated 
as (1) where Cregion represents the output value for the pixel in the current column of the currently 
processed candidate region. 

  Cregion = {0, if blckPix ≥ PRS × colmnHght     (1) 

  255, otherwise 
  where PRS represents the PRS factor. The PRS value is reduced when the blurry level is high to 
highlight more important details, and it is incremented when the blurry level is less. If the ratio exceeds 50 
percentage of the height of the candidate region columns, then PRS=50% and the current checked column 
is considered as a part of the plate region. Then, a new black vertical line is drawn to replace the current 
column with the new one. Otherwise, the current column is replaced with the white background. The true 
candidate region has the blackness frequency more than the others. 
  Then a vote is made for all the candidate regions. As the background colour of the plate is black, 
the top and bottom neighbours of the selected columns  will be checked. If they are black, the currently 
checked candidate region will get one vote. The process will be done for all the columns in all the 
candidate regions and all these candidate regions are compared to select one suitable candidate. Hence, the 
candidate region with the highest vote values is the selected region as the true license plate. Finally, by 
tracking the black vertical lines, the plate area can then be detected and extracted as well. The region with 
the highest value of voting will be detected, while the black vertical lines will be checked and tracked. The 
selected region will be detected as the selected plate area on the input image. In addition to voting the 
following rules are applied for selection of true license plate region. 
    1) Priority is given to rectangles whose top and bottom neighbouring pixels are black. 
    2) Priority is given to the rectangles at the lower half part of the input images. 
 
4. Experimental Results 
 
  We tested 25 images and obtained good results for 22 images. The following input image was captured 
using a webcam . The outputs obtained are shown below. 
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Figure 1: Input image 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Grayscale image 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Adaptive median filtered image 
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Figure 4: Binarized image after adaptive thresholding 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Figure 5: 
Unwanted line 

eliminated image 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 6: Vertical edge detected image 
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Figure 7: Highlight Desired Details(HDD) output image 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Candidate Regions Extracted(CRE) image 
 
 
 
 
 
 
 
 
 

Figure 9: License 
Plate region 

selection 
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Figure 10: License Plate Detection 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: License plate extracted image 

5. Conclusion 

 Localization of potential license plate regions from vehicle images serves as a challenging task on account 
of huge variations of size, shape, colour, texture and spatial orientations of license plate regions. Existing 
vehicle tracking and pursue systems use outstanding cameras to identify vehicles by capturing their license 
plates, and this leads to cost increment of the system in both hardware and software. The proposed project 
is a fast method for car license plate detection and processes low resolution images taken by a web camera, 
making it cost effective. It applies an adaptive median filter for smoothing and noise removal and applies 
an unwanted line elimination algorithm to remove unwanted lines. It introduces an improved vertical edge 
detection algorithm to extract vertical edges and contributes to make the license plate detection faster 
compared to existing methods. The large diversity in the features of the license plate makes its localization 
a challenging problem for the research community. 
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