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Abstract 

The Car License Plate Detection and Recognition System (CLPDRS) is becoming a significant area of research due to its variety 

of applications such as parking, access control, tolling, border control, traffic control and crime prevention, and the payment of 

parking fees. The paper proposes a novel method consisting of four stages where License Plate Detection (LPD) is followed by 

Character Recognition. Vertical Edge Detection Algorithm (VEDA) is used for license plate detection and makes the proposed 

method faster and easier.  After locating the license plate (LP), license plate recognition is accomplished with the aid of Character 

Segmentation and Character Recognition using Template matching. 

Keywords: Adaptive Thresholding (AT), Candidate Region Extraction (CRE), Car-License-Plate Detection and 

Recognition (CLPDR), Highlight desired details (HDD), Optical Character Recognition(OCR), Unwanted Line 

Elimination Algorithm (ULEA), Vertical Edge Detection Algorithm (VEDA) 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Nowadays vehicles play a key role in transportation. Because of population expansion and human needs the use of vehicles has 

been rising. Therefore, it has become a major problem to control these vehicles and much more difficult to solve. To identify a 

vehicle, features such as model, color, and LP number can be used. 

The technique of automatic number plate recognition is considered as a significant technology with the development of 

transportation modernization. Recognition of license plate number has become important in our everyday life because of the 

limitless increase of vehicles and transportation systems which make it impractical to be completely managed and monitored by 

humans alone.  

Car License Plate Detection and Recognition System (CLPDRS) is a mass surveillance system which first captures the image 

of vehicles and then automatically extracts the characters from the image of the vehicles. 

CLPDRS system is a fundamental part of many Intelligent Transportation Systems (ITS) and Intelligent Traffic Management 

Systems. The CLPDRS technology is well-known as Automatic Number Plate Recognition (ANPR), Automatic License Plate 

Recognition (ALPR), Car License-Plate Recognition (CLPR), Automatic Vehicle Identification (AVI), or Optical Character 

Recognition (OCR) for cars. 

CLPDRS system usually captures vehicle images using a roadside camera and reads the character’s present using an Optical 

Character Recognition (OCR) system. Therefore, need for car identification is increasing for reasons such as vehicle access control, 

crime prevention, and border control. Normal license plate generally contains a Vehicle Identification Number (VIN), which 

usually consists of symbols such as digital numbers from 0-9 and capital roman letters from A-Z.  CLPDRS utilizes image 

processing and character recognition technology to discover vehicles by automatically reading their number plates.  

CLPDRS consists of a series of steps starting from acquiring the images from camera followed by extraction or detection of the 

license plate then segmentation of the characters in the license plate and finally isolation and recognition of the characters in the 

license plate. The CLPDRS is widely used for detecting high speed cars, unattended parking zones, scrutinizing vehicle theft,  

traffic law enforcement, security control in restricted areas, electronic toll collection, automatic parking facilities etc. 

II. LITERATURE REVIEW 

CLPDRS has special set of hardware and software that recognizes license plate characters from it. This system has a wide range 

of applications, from parking access to vehicle management, traffic control and public security. 

The study of automatic vehicle license plate recognition was begun in 1990s [2]. The initial license plate recognition method 

was based on Hough transformation, where the 2D image was transformed to a binary image after that Hough transformation is to 

locate straight lines in the image. Then by the use of parallel horizontal and vertical straight lines and their cutting points, number 

plate in the image is found. There are several license plate detection method based on morphological process like erosion, dilation, 

skeletonization, localization of license plate detection method based on edge extraction, texture approach for vehicle license plate 

detection etc. 

Owing to different interference characters, lighting conditions, and other problems, it is hard to distinguish license plates in 

complex conditions. Some of License Plate Detection (LPD) methods are controlled to work under those circumstances, such as 

permanent backgrounds [3] and known color [4]. 
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In [3], fast license plate localization algorithms for checking the highway ticketing systems are proposed. The technique was 

discussed in four sections; vertical edge detection, edge map generation, Binarization and dilation and license plate location. 

Ultimately connected component analysis algorithm was applied to illustrate and find the LP features. Although this algorithm can 

speedily and accurately detect the area of vehicle license plate, this algorithm works even better with a fixed background and a still 

camera. 

B.-H. Ron and J. Erez [4] proposed a method in which the image is acquired by capturing the image of a vehicle from videos. 

Spectral analysis along with connected component analysis was used for automatic license plate detection and extraction. This 

method was successful in recognition of a moving vehicle but the color of the plate should to known in advance. 

Kim et al. [5] proposed a License Plate Detection algorithm by the use of both statistical features and LP templates. In this 

method, candidate areas in the input image are searched using gradient information. Then the plate area among the candidates is 

found and the boundary of the area is adjusted by introducing a plate template using both statistical features and LP templates.  

Here LP templates are very difficult to create and his algorithm can work only on a fixed scale, so is restricted.  

In [6], proposed LPR technique is consisting of two modules: a license plate locating module where the LPD algorithm uses 

color edge and fuzzy disciplines and a license number identification module. Moreover, it can only be used with certain colors 

only. 

In [7], an algorithm proposed by Matas and Zimmermann detected LPs under various conditions. Character regions were 

considered as vital units of LPs in this algorithm, which made the algorithm quite robust to viewpoint and lamination. But still, 

this algorithm could barely highlight characters overlapping from the true LPs. 

The main objectives of this paper are 

 To understand the existing techniques of license plate recognition 

 To examine how to develop the existing methods of license plate recognition. 

 To extend an improved recognition technique to the detection system. 

Vertical edge extraction is the most fundamental steps in CLPD as it allows the whole system to properly detect the LP. Hence, 

a vertical edge map has been used for LPD for several years. One-directional Sobel operator is used to find the vertical edges. But, 

few undesired details such as horizontal edges are seen in vertical edge map. These details can increase the processing time and 

reduce the system accuracy. The most common and initial edge detection algorithms were based on the gradient, such as the Sobel 

operator and the Roberts operator. Various ex- methods have used the Sobel operator to extract the vertical edges in CLPDSs, [3].  

III. OVERVIEW 

The paper proposes a method for Car License Plate Detection and recognition which consists of four stages where License Plate 

Detection is followed by Character Recognition. First step is to convert the input color image to a gray scale image, and then 

binarized form of the   image is obtained through Adaptive Thresholding. After that, the Unwanted Line Elimination Algorithm is 

applied which eliminate noise thereby improving the binarized image. Then, the vertical edges in the image are extracted by using 

the Vertical Edge Detection Algorithm. Next, the region of the license plate is highlighted using Highlight Desired Details. In order 

to detect the LP; first the plate area is highlighted with the help of the VEDA output based on the pixel value. Ultimately, the 

correct plate region is detected in the original image using some statistical operations. After locating the LP, the next stage is 

license plate recognition which is accomplished with the aid of Character Segmentation and Character Recognition using Template 

matching. 

IV. CAR LICENSE PLATE DETECTION-A NOVEL METHOD 

The proposed method for license plate detection can be depicted into four stages. The flow graph of the same is shown in Fig.1 

 Pre-Processing: 

 Adaptive Thresholding (AT) 

First step is to convert the input color image to a gray scale image, an AT process [8], [9] is applied to make up the binarized 

image. Real-time AT proposed by Bradley and Roth [8] using the mean of a local window, where local mean is calculated using 

an integral image. Technique of AT: 

In Wellner’s algorithm the main idea is that each pixel is compared with an average of adjacent pixels. The algorithm uses 1/8th 

of the image width for s and 0.15 for the value of T to get the most excellent results for an array of images.  Therefore, an estimated 

moving average of the previous S pixels seen is computed while traversing the image. It is set to black if the value of the present 

pixel is t percent lower than the average otherwise it is set to white.  

The range of T should be 0.1 < T < 0.2 depending on the images used. This method is clean, straightforward, easy to code, and 

creates the same output independently of how the image is processed. This method can produce best result because comparing a 

pixel to the average of close by pixels will protect hard contrast lines and disregards soft gradient changes.  
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Fig. 1: Flowchart of the proposed method. 

As an alternative of computing a running average of the last s pixels seen, we calculate the average of an s x s window of pixels 

centred on each pixel. This is an enhanced average for evaluation since it considers neighbouring pixels on every side. The average 

computation can be accomplished in linear time by means of the integral image. 

a) AT Formulations 

Computation of the integral image is the first step. An integral image (also known as a summed-area table) is a tool that is used 

whenever we have a function from pixels to real numbers f (x,y) (for instance, pixel intensity), and we need to calculate the sum 

of this function over a rectangular region of the image. 

For every column jth through all row values i the summation of the pixel values will be computed using 

sum(i)|jth = ∑ h(x, y)|y=jth
i
x=0

                 (1) 

Where h(x, y) represents the input values, and sum(i)|jth represents all cumulative gray values of h(x, y) for the column jth 

through all rows of image I = 0, 1, . . . height. 

Next, step is the formulation of the integral for each pixel as in (2): 

IntgrlImg = {
sum(i),                          if j = 0

IntgrlImg(i, j − 1) + sum(i), otherwise
                                                                        (2) 

Where IntgrlImg(i, j) represents the integral image for pixel (i, j). 

In order to find the threshold, the intensity summation for each local window using one addition operation and two subtraction 

operations is calculated by: 
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Where sum window represents the summation of the intensities of the gray values for a particular local window, in which the 

currently binarized pixel is centring in. 

So, to compute the adaptive threshold value for the image, in which h(i, j) ∈ [0, 255] is the intensity of the pixel located at (i, j), 

threshold t(i, j) for each pixel is given by: 
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t(i, j) = (1 − T) × sumwindow                                     (4) 

Where t(i, j) represents the threshold for each pixel at location (i, j), and T is a constant, i.e., T = 0.15. The value of T is chosen 

as the optimal value for top thresholding performance after testing on many images. The below criterion is applied on each and 

every pixel so as to get the threshold value of that pixel: 

o(i,j)={
0,     h(i, j) × s2 < 𝑡(𝑖, 𝑗)
255,             otherwise

                       (5) 

Where o(i, j) represents the adaptive threshold output value of pixel h(i, j), and S2 correspond to the area of the local window 

computed for the selected region. 

 Vertical Edges Detection 

 Unwanted Line Elimination Algorithm (ULEA) 

After thresholding process the image contains several thin lines which do not belong to the LP region. There are many long 

foreground lines and tiny random noise edges near the LP region. For removing these background and noise edges which are 

useless lines in the image, ULEA- a morphological operation and enhancement process is proposed. 

Unwanted lines can be formed in four ways as in Fig.2. First case, the horizontal line with an angle equal to 0◦ as (-).Second 

case, the vertical line with an angle equal to 90◦ as (|). In the third case, the line is inclined with an angle equal to 45◦ as (/) and the 

fourth case, the line is inclined with an angle equal to 135◦ as (\). Therefore, the ULEA has been proposed to remove these lines. 

 
Fig. 2: Four cases for converting the centre pixel to background. 

Here, the black pixel values are considered as background and the white pixel values as the foreground. A 3 × 3 mask is used 

for performing ULEA process. Black pixel values in the threshold image alone are tested. If the current pixel value located at the 

mask centre is black, then the neighbouring eight pixel values are tested. If the two corresponding values are white together, then 

the current pixel is changed to a white pixel.  

 Vertical Edge Detection Algorithm (VEDA) 

The VEDA is used to find the vertical edges in the license plate so that beginning and the end of each character in the license plate 

details will be easily detected and character recognition is made faster. The image will contain only black and white regions after 

thresholding and ULEA processes, and the VEDA is applied these regions. This process detects the vertical edges in the image at 

the intersections of black–white regions.  

A 2 × 4 mask is proposed for this process as shown in Fig. 3, where x and y represent rows and columns of the image, 

respectively. 

 
Fig. 3: Design of the proposed mask 

The 2 × 4 mask is made to move from top to bottom and from left to right. If the whole values are black, then these values will be 

converted to white. Otherwise, if column 1 i.e. (0,1) and (1,1) and any other column have different values, the pixel value of column 

1 will then be taken. That is, if column have white pixels and any other column have different values then column 1 will retain 

white pixels. This process is repeated with the whole pixels in the image. This process is executed for both of the edges at the left 

and right sides of the object-of-interest.  

By moving the mask from left to right, black–white regions will be found. And consequently, the last two black pixels will be 

kept; likewise, the first black pixel in the case of white–black regions will also be kept. Therefore, the starting edge will have a 

black-pixel width of equal to 2, and the other edge will have a black-pixel width of 1.  
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V. CAR LICENSE PLATE EXTRACTION 

 Highlight Desired Details (HDD) 

Next step is to emphasize or highlight the required details i.e. plate details and vertical edges in the image. In HDD, NAND–AND 

operation is applied on each two corresponding pixel values taken from both ULEA and VEDA output images. The NAND–AND 

procedure for this process is shown in Fig. 4. 

If two neighbour black pixels are followed by one black pixel, the two edges will be checked to emphasize the necessary details 

by drawing black horizontal lines connecting each two vertical edges. As in the ULEA image, the two vertical edges should be 

surrounded by a black background. The value of horizontal distance (hd) stand for the length between the two vertical edges of a 

single object. In HDD, the searching process will begin from top to bottom and from left to right. The regions where the correct 

LP exists are highlighted once all pixels are scanned. 

 
Fig. 4: NAND–AND procedure 

 Candidate Region Extraction (CRE) 

Thus the position of the license plate is identified. In CRE, first count the no of black pixels in each row. The rows of the license 

plate region will have a degree of blackness greater than threshold. Next find the difference of degree of blackness between each 

successive row. Successive rows of the license plate region will have a lower difference value in blackness. If the degree of 

blackness is greater than threshold and successive rows have small difference value in blackness, then this will indicate the starting 

row value of the license plate region. While this condition holds, the row position is increased and when the condition fails, the 

final row position of license plate region is obtained.  

 Plate Region Selection (PRS) 

The aim is to select and extract the correct LP. Some of the processed images might be blurry, or the plate region might be defected 

due to that plate region is checked pixel by pixel to see whether it belongs to the LP region or not. 

The current column is an element of the LP region if blckPix ≥P_RS× colmnHght where blckPix represents the total number of 

black pixels per each column in the current candidate region, the colmnHght represents the  

column height of the candidate region in the image and PRS represents the PRS factor. 

If the blurry level is high, the  P_RS    value is reduced to highlight more important details, and it is increased when the blurry 

level is less. The flowchart of plate region selection (PRS) and plate detection (PD) is also provided, as shown in Fig. 5. 

The mathematical representation for selecting the LP region can be formulated as follows: 

Cregion = {
0, 𝑏𝑙𝑐𝑘𝑃𝑖𝑥 ≥ 𝑃𝑅𝑆 × 𝑐𝑜𝑙𝑚𝑛𝐻𝑔ℎ𝑡
255,                                 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

                                                                   (6) 

Where C_region represents the output value for the current pixel of the currently processed candidate region. 

 

If C_region = 0, the checked pixel is a part of the LP region; Otherwise, is considered as background. Thus, the performance of the 

CLPD method can be enhanced by controlling the PRS value based on the processed image. 
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Fig. 5: Flowchart of PRS and PD 

VI. CAR LICENSE PLATE RECOGNITION 

After license plate detection, next find the character in the license plate. This is done in car license plate recognition step. Generally, 

a CLPR section consists of character segmentation and character recognition phases. 

 Character Segmentation 

After the plate detection, the next step is to isolate the characters within the image component. In character segmentation, the 

characters make up the foreground components. A group of monochrome images for each character in plate has to be the output. 

  In character segmentation, each character is individually segmented from the extracted license plate. The initial process is to 

crop out the license plate characters from starting to the ending point separating all the additional wide spaces from top to below 

and from right to left as it is.  

For character segmentation  

1) Iterate across x direction of the license plate region.  

2) Check whether the pixel is white for all rows. 

3) If ‘yes’ proceed to next pixel by travelling x direction. 

4) If black pixel s found in any row note down the x direction point. 

5) Check if next row any column has black pixel. 

6) If ‘yes’ proceed to step 5. 

7) If next row all columns are white note down the x direction point.  

8) This is the ending position of a character in x direction. 

9) Extract the character. 

10) Repeat till all the characters are extracted. 

Thus each character has been vertically segmented character from the licence plate. Each character is separately marked using 

a rectangle and saved as images for recognition. 
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 Character Recognition 

The Optical Character Recognition (OCR) is an identification method where the input is in the form of an image and the output is 

a string of characters. OCR is a method which separates the different characters from each other taken from an image. Template 

matching is one of the approaches of OCR. Here, character recognition is done by template matching which is a classical pattern 

recognition method [6]. The cropped image is compared with the template data stored in database.  

Select a standard template with 26 alphabets and 10 digits. The template comprises of A to Z and 1 to 9 and then 0 in this order. 

Fitting approach is compulsory for template matching. For matching the characters with the database, input images have to be 

equal-sized with the database characters. Here the characters are fit to 22×47. The extracted characters sliced from plate and the 

characters on database are now equal-sized. Each segmented character image is resized and compared with the images in the 

database and the best similarity is measured. 

To assess the similarity and find the finest match, a statistical method correlation is used. Correlation is a successful technique 

for image recognition. This method determines the correlation coefficient between a number of known images with the unknown 

images of same size or parts of an image with the maximum correlation coefficient between the images producing the best match. 

 
Fig. 6: Standard Template 

There are two types of correlations: auto-correlation and cross-correlation. Auto-correlation function (ACF) involves just one 

signal and provides information about the structure of the signal or its behaviour in the time domain. Cross-correlation function 

(CCF) is a measure of the similarities or shared properties involving two signals. Since there are two signals -unknown input image 

and known database image in this structure, cross-correlation is used. 

VII. RESULTS AND DISCUSSION 

 Experimental Results 

The output of different stages in proposed Car License Plate Detection and Recognition method on two different input images 

under different condition is shown below:- 

 
Fig. 7: Color input images 

 Pre-Processing   

First the colour input images Fig.7 is converted to gray scale images Fig.8. 

 
Fig. 8: Gray input image 

The gray scale images are converted into binarized images using a thresholding technique called Adaptive Thresholding is 

applied. The output of AT process is as shown in Fig.9 
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Fig. 9: Adaptive Threshold images 

 Vertical Edges Detection 

The undesired lines formed during thresholding are through ULEA, the output is shown in Fig.10. 

 
Fig. 10: ULEA output images 

Next, the vertical edges are extracted from the ULEA output Fig.10 using the proposed novel method VEDA using 2x4 mask 

shown above in Fig. 3 So that the output is given by Fig.11 

 
Fig. 11: Vertical edge detection algorithm output images 

Each and every pixel in the vertical edge detected images in Fig.11 will be scanned so that the license plate region is highlighted 

as in Fig.12. 

 
Fig. 12: Highlight desired details output images 

Thus the license plate is extracted as shown Fig.13 and the license plate region is marked with a rectangular box in the input 

image given by Fig. 14. 

 
Fig. 13: Plate region selection 
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Fig. 14: LPD and LP extraction 

 Car License Plate Recognition 

Each character shown in the rectangular box as in Fig .15. Is now separated and is given by Fig.16. 

 
Fig. 15: Segmented License Plates 

 

 
Fig. 16: Segmented Characters 

Finally, the characters segmented are recognized by correlation technique and the output is obtained as saved as text file in 

notepad as shown in Fig 17.  

 
Fig. 17: Final output images 

 Advantages of the proposed VEDA with Sobel Edge Detection method 

 Accuracy 

In case of Sobel edge detection method, the detected objects have same thickness on either side of the vertical edges, where as in 

VEDA there are both two pixels and one-pixel width thickness for each object detected. 

Therefore the searching process for the license plate will be simple and faster in case of VEDA output since the algorithm need 

to check for the availability of a 2 pixel width followed by a 1 pixel width. In addition, once the 1-pixel width is faced there is no 

need to search again. These two characteristics make VEDA more accurate than Sobel. 

 Computation Time 

VEDA is faster than the performance of Sobel by five to nine times depending on image resolution. 

VIII. CONCLUSION 

A robust technique for license plate detection and recognition is presented here. The VEDA makes the entire proposed CLPD 

method faster. The proposed method is checked with two different images taken under different conditions. Their result indicates 

that the algorithm is successfully implemented. Therefore, this method is better in terms of the computation time and detection 

rate. 
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