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Abstract-Automatic license plate recognition has become a 

significant tool as a result of the development of smart cities. 

During the experiment studied in the current paper, 50 images 

were used to detect Saudi car plates. After the preprocessing 
stage, the canny edge method to detect the car edges and different 

threshold techniques were used to reduce noise. Horizontal 

projection was applied in the segmentation process to split the 

plate. After that, a masking technique was utilized to locate and 

separate the region of interest in the image. OCR was applied to 

the processed images to read the characters and numbers in 

English and Arabic separately. Then, combining the English and 
Arabic text, after using the re-shaper for the Arabic letters. 

Finally, rendering of the results of text on images down the plate 

regions took place. The canny algorithm with projection 

technique with a proper preprocessing for images produces 

results with accuracy of 92.4% and 96% for Arabic and English 
language respectively.  

Keywords-computer vision; edge detection; segmentation; OCR; 

license plates; recognition system 

I. INTRODUCTION  

Traffic regulation and traffic violations are major issues. 
The flow of traffic is regulated by a network of cameras placed 
across the streets. Since these cameras capture immediate 
images of cars, sophisticated software is required to recognize 
vehicles license plates [1]. In order to automatically record and 
recognize license plates, License Plate Recognition (LPR) or 
Automatic Number Plate Recognition (ANPR) are extensively 
employed in entrance/exits, parking lots, road traffic, security 
control of restricted areas, and traffic surveillance [2]. Many 
image processing applications have become more reliable and 
effective as a result of the usage of computer image processing. 
One of them is ANPR. Several recent studies detected vehicle's 
plates by applying different computer vision techniques. 
Authors in [3] proposed a new security system to trace stolen 

vehicles by capturing the plate numbers. They used canny edge 
detection to detect the plate and applied the Multi-Layer 
Perceptron Artificial Neural Network model. The result was 
displayed as text. Their proposed model achieved 97.8% 
accuracy in detecting multi-style Arabic characters. Authors in 
[4] proposed an identification system based on vehicle license 
and number plate recognition. The system's LNPR software 
employs a series of image processing algorithms to recognize 
number plates and identifies the vehicle from a database. The 
median filter was employed to minimize the image's visual 
noise. Authors in [5] provided a Sobel edge detection technique 
and morphological operation for ANPR. The bounding box 
method was utilized to segment the numbers and letters on the 
plate. To distinguish numbers and characters after 
segmentation, a template matching technique was employed. 
Authors in [6] introduced the ISeeCarRecognizer, an 
automated recognition system for reading Vietnamese 
registration numbers using boundary line-based technique 
integrating the Hough transform and the Contour algorithm in 
the VLP detection module. For segmentation, horizontal and 
vertical projections were used to separate plate numbers. 
Finally, an Optical Character Recognition (OCR) module based 
on a Hidden Markov Model detects the plate number. Authors 
in [7] cropped 9021 License Plate (LP) images of 5 different 
countries. Image segmentation was used with a CNN to detect 
the language and the country of the LP with 99.5% accuracy. 
The Secondary Positioning (SP) model was utilized in [8]. A 
plate number localization technique was presented and 
evaluated using locally obtained data. The position of a plate 
number was determined by scanning the red light areas in HSV 
color space, and the plate number was localized by determining 
the plate number's vertical edge. A correction coefficient was 
generated between the templates and the testing pictures and 
template matching was used to recognize individual characters 
with a precision of about 75% and 70%. 
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Italian-style automobile registration plate recognition was 
conducted in [9]. To determine the plate and character 
locations, images were acquired from a toll gate camera and 
were preprocessed via a quick and robust 1-D DFT method. A 
multilayer neural network using the recently presented BRLS 
learning method was used to classify characters. Authors in 
[10] designed a smart system for recognizing license plates, by 
applying canny edge detection to identify the LP location. The 
images were collected locally with a camera and the output was 
segmented into numbers and letters by the binary K-means 
algorithm, with 90% accuracy for English LP recognition. 
Authors in [11] proposed an automatic Iraqi car LP 
identification model by utilizing OCR. The model can extract 
the plates' features by dividing the numbers and words into 
sub-images and achieved 86.6% accuracy. Authors in [12] 
proposed an improved automatic LP recognition system, in 
which 500 Jordanian vehicle images were processed. In the 
detection stage, histogram vertical-edge analysis and potential 
region size estimation were performed. During the 
segmentation, the mismatched license plate images were de-
rotated and the feature extraction results of the plate's letters 
reached 91.5% accuracy. 

The purpose of this paper is to collect a dataset of cars in 
the Kingdom of Saudi Arabia (KSA) and to perform 
recognition of Saudi car plates with the use of edge detection, 
segmentation, and contouring techniques. In addition, a 
preprocessing technique of the collected images is utilized. 
After that, OCR is utilized to extract letters and numbers from 
the processed images. The proposed approach aims to detect 
different car plate shapes and recognize the plate in both Arabic 
and English texts. 

II. METHODOLOGY  

The basic tasks of the LPR system are to find the LP and to 
recognize the LP characters. Number plate identification 
algorithms are classified into many categories depending on the 
different methodologies they use [13]. The following variables 
should be considered while detecting vehicle number plates: 

• The size of the car plate may vary in size from one image to 
another. 

• The location of the plate on the vehicle. 

• The background color of a plate might vary depending on 
the vehicle. 

• A plate might have a screw or motto or symbol, which 
could be regarded as a character. 

The flowchart of the proposed system is shown in Figure 1. 
The following methodologies were used in LPR. 

A. License Plate Extraction  

The image processing stage is important for the 
enhancement of images [14]. Resizing, scaling, and rotation 
were performed on the images. The input images were 
converted to grayscale, the RGB values were transformed from 
24-bit onto 8-bit gray level values by adding or removing the 
alpha channel. The brightness of a grayscale picture pixel value 
varies from 0 to 255 [14]. Moreover, to create a smoother 

image, the interpolation method was used in image processing. 
In picture interpolation, the rule is to utilize a source image as a 
reference to create a new or interpolated/scaled image [15]. The 
size of the produced image is determined by the specified 
interpolation proportion. When we execute the interpolation, 
we produce empty areas in the original image and fill them 
with the proper pixel values. As a result, the interpolation 
processes provide varied outcomes. We used the nearest 
neighbor approach to replace empty areas with the next nearby 
image pixels.  

 

 
Fig. 1.  Recognition system flowchart. 

Filters are primarily used to reduce the high frequencies 
within a picture [16]. The bilateral filter technique is used to 
preserve the edges of images. The basic idea is to include a 
photometric weight into a regular Gaussian filter. This weight 
has the effect of canceling the spatial connections between 
pixels with significant intensity differences. Suppose a 
photometric weight wp is incorporated as a factor of the spatial 
weight wi. The bilateral filter produces the picture F from the 
source image E as follows: 

���� � 	 ∑ �	
�||����
�����������������∈��∑ �	
�||�����������������∈��     (1) 

where Im represents a square window [-m,m] × [-m,m], wi is a 
decreasing symmetrical function of the distance kt from the 
center of Im, and wp is decreasing the intensity of the function. 

The edge information of an image explains the target 
boundaries, the location inside the region of interest [17], and 
other significant details [18]. First derivatives, such as Sobel, 
are used to detect the gradient by calculating the minimum and 
maximum in the first derivative input images [19], which are 
very sharp edges [20]. The canny edge, which is utilized in the 
experiment, is a multi-stage process used in edge detection. It 
has minimum error rate and reduces noise [22]. The algorithm 
involves the following steps: 

• Converting the original image to grayscale. 

• Applying Gaussian blurring to remove high-frequency 
noise that may be detected as false edges. 
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• Compute the gradients along the x and y axes (Gx1,Gy) 
independently. 

• The final gradient over the whole image can be computed 
using the follow equation [20]: 

���� + ���    (2) 
where the Gx and Gy are the mask values of the operator [21] 
as shown in Table I.  

TABLE I. MAX VALUES OF GX AND GY 

Mask Values of Gx Mask Values of Gy 

�−! " !−# " #−! " !$ � ! # !" " "−! −# −!$ 
 

• Non-maximum suppression is conducted, where only pixels 
that constitute a local maximum in their neighborhood are 
considered, and the other pixels are set to zero. This results 
in a binarized image. 

• Hysteresis thresholding follows, where the two threshold 
values are high and low threshold. All pixels with intensity 
values higher than the high threshold are picked as strong 
edges, and all intensity values lower than the low threshold 
are discarded. Pixels with values between the two 
thresholds are only picked if they are connected to a strong 
edge. 

In practice, the picture's edges represent a small portion of 
the image information. In photos with less edge information, 
the mean gradient magnitude and standard deviation of most of 
the pixels are placed in a limited range [23]. Because the 
gradient magnitude distribution of those non-edge pixels is 
concentrated, a good threshold can help pick edge pixels out. 
Equation (3) is the threshold selection approach for photos with 
little edge information [24]: 

%& � %'	/2    (3) 
where TI and Th represent the low and the high threshold 
respectively [23]. 

After that, contours were used to detect lines and polygons. 
We utilized a contour with 4 points like the plates' shape, to 
find the shape from the edge information. 

B. License Plate Recognition 

After extracting the plate, the projection profile is generated 
independently for each axis. The projection profile approach is 
primarily used for text object segmentation within the text [25]. 
The horizontal projection feature is the picture's projection 
profile along the horizontal axis. For each row, the horizontal 
projection profile is determined as the sum of all column pixel 
values within the row [25]. To turn printed words of the 
preprocessed images into editable text, the OCR technology is 
used. Image preprocessing and segmentation processes can 
have an impact on OCR accuracy [25]. Character recognition 
necessitates the matching of the resulting binary format with 
the existing template. A matching track-sector matrix must be 
produced, defining the number of pixels in each region and the 
matrix's center [27], by calculating the radius via distance 

equations to identify the pixel with the greatest distance from 
the center as in (4): 

* � +
�,� − ,-�� + ��� − �-���    (4) 
The size of each track matrix is identified via calculating 

number of 1’s in each intersection of sector and track [27]. 

C. Evaluation Mertrics 

The evaluation metrics that were employed in this study to 
evaluate the performance are precision, recall, F1-score, and 
Mean Average Precision (MAP) to measure the detector 
performance for English and Arabic text separately. When the 
costs of False Positives (FP) are substantial, Precision is a 
suitable metric to use [29]. Precision is defined as:  

./0123245 � 67
67�87    (5) 

When there is a large cost related to False Negatives (FN), 
the Recall measure is used to identify the optimum model, and 
it's calculated as: 

901:;; � 67
6<=>	?@A=> 	7<BCCDEB    (6) 

For instance, a correct plate number (Actual Positive) 
passes the test but is predicted to be incorrect (i.e. FN). If the 
car was stolen, the cost of FN will be exceedingly significant.  

F1 is a function of Precision and Recall and is calculated as 
in (7). Whenever we want to strike a balance among Precision 
and Recall, the F1-score achieve this balance. 

�1 � 2	x	 7HE@CBC<I	�	JE@=>>7HE@CBC<I�JE@=>>     (7) 
Accuracy is the simplest basic performance metric, which is 

just a ratio of accurately outcome expectations to the total 
number of samples, and is calculated by:  

K11L/:1, � 67�6M
67�87�6M�8M	    (8) 

III. EXPERIMENTS  

This section contains a summary of the obtained data as 
well as information about Saudi traffic laws and the automobile 
LP system. Furthermore, the framework configuration is 
described in depth.  

D. Dataset 

The dataset contains 50 images of various parked cars. An 
iPhone 12 Pro Max camera was used to capture the images, 
which has a resolution of 1284×2778 pixels. The pictures were 
taken from different positions (front and back), different 
angles, various time intervals, and different light conditions. In 
addition, these images were captured inside/outside the parking 
as shown in Figure 2, representing a sample of the collected 
dataset. The Saudi car plates have two sizes (w×h), namely 
30cm×16cm and 53cm×14cm. Also, the LPs combine Arabic 
and English characters and numbers. The top part of the plate 
contains the Arabic language (the top right has 3 Arabic 
characters and the top left has 4 Arabic numbers), whereas the 
bottom part contains 3 English characters at the right and 4 
numbers at the left as shown in Figure 3.  
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Fig. 2.  Dataset images that were collected during (a) the morning, (b) the 
afternoon, and (c) the night periods, and (d) various tilt angles. 

Additionally, Saudi Arabia doesn't support all Arabic letters 
for security purposes. For example, there are two similar 
letters, غ and ع. Some criminals may take advantage of these 
and just remove the color from the dot and change the plate. 
Another reason is the need to match the number of Arabic 
letters with the number of English letters. Figure 4 depicts the 
Arabic and English characters that are used in Saudi plates. 

 

 
Fig. 3.  Some Saudi license plates. 

 
Fig. 4.  Approved letters in the Saudi license plates. 

E. Experimental Setup 

The experiment was conducted on the Jupyter program 
[28]. Jupyter Notebook is an open-source software that allows 

collaborative data science, used to organize, and execute 
models, which were written in Python. The specification of the 
device on which these programs are installed is Windows 10 
Operating System on an Intel Core (TM) i7-1065G7 CPU 
1.50GHz with 16GB RAM to test the algorithm's effectiveness. 

F. Plate Detection and Localization 

To detect the plate location, proper scaling of images that 
helps reduce the number of pixels in the photos is performed. 
Figure 5 depicts different interpolation methods for resizing. 
The Interpolation Nearest method was chosen. 

 

 
Fig. 5.  Different interpolation techniques. 

After that, the images were convolved using Gaussian blur 
to remove the high frequencies with a kernel size of 5×5. A 
bilateral filter technique transforms a filter into a bilateral 
picture. The intensity, noise and smoothing values were set to 
60, 80, and 30 respectively, and the output is shown in Figure 
6. The parameters for intensity, noise and smoothing should be 
set very high because when using a small value, the other 
details appear. 

 

 
 

Fig. 6.  The output of the bilateral filter. 

In canny detection, the parameter was set very low in order 
to not detect other areas like floor and car details, so 20 was 
chosen for all images as shown in Figure 7. We can observe 
that other details are shown (Figure 8) if we set the parameter 
too high. Morphological Gradient was performed to find the 
outline of an object as shown in Figure 9. Moreover, the 
contours were used to detect within lines and polygons. We 
used contours with 4 points like the plates' shape. In addition, 
we utilized masking to separate the remaining edges to transfer 
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the pattern. The plate should generate a blank mask. The final 
image is presented in Figure 10. Some of the images in the 
contouring process could not detect the complete plate, but 
only a part of it due to lighting, angles and texturing conditions. 
Figure 11 shows the result of the detected plate. 

 

 
Fig. 7.  Canny detector with low parameter value. 

 
Fig. 8.  Canny detector with high parameter value. 

 
Fig. 9.  The output of the morphological gradient. 

 
Fig. 10.  Detecting the care plate. 

 
Fig. 11.  Displaced detection cases. 

G. Plate Number Recognition  

Before placing the images into the OCR model as inputs, 
the plate needs to be divided into rows, so horizontal projection 
is performed. Figure 12 shows the result of the projection on 
the plate. 

 

 
Fig. 12.  Horizontal projection. 

Figure 13 represents the supervised segmentation by 
thresholding with different threshold values over the plate. The 
threshold value 3 was chosen since it does not show the nails. 
After the processing and noise reducing, the images are ready 
to be inserted into the OCR reader without training. We utilized 
the engine mode (–oem) of the OCR model. For the Arabic 
language, a re-shaper is needed to show the letter correctly 
when rendering text on the images. The final render result is 
shown in Figure 14. 

 

 
Fig. 13.  Various threshold values on processed plates. 
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Fig. 14.  Rendering text result on the original image. 

H. Comparison with Related Works 

According to the conducted review, some researchers used 
techniques like Artificial Neural Networks (ANN) and 
Machine Learning (ML) for the purpose of reading the 
characters and numbers in various languages. The findings are 
shown in a detailed comparison in Table II, whereas the 
authors in [3] achieved a high accuracy ratio for Arabic plates 
with the use of the Multi-Layer Perceptron (MLP) approach. 

TABLE II. RESULT COMPARISON 

Reference Techniques used Dataset Result 

[3] Canny edge detection with MLP Arabic 97.8% 

[8] ANN English 75% 

[10] Canny edge. K-means algorithm English 90% 

[9] Multilayer ANN English 90% 

[17] 
YOLOv2 detector with ResNet5 

to detect LPs only 
5 languages 99.5% 

 

Table III depicts the comparison of the results regarding 
plates in Arabic. Authors in [12] achieved 91.5% accuracy but 
our model obtained 92.4% on our collected dataset. Regarding 
LPs in English, Table IV compares the results of similar works 
with our proposed method. Our proposed method (consisting of 
the canny method, along with a projection approach and with 
the suitable image processing techniques that we applied), 
outperforms the others by achieving 96% accuracy. Figures 15 
and 16 exhibit the average Precision result for LPs in English 
and Arabic respectively. 

TABLE III. ARABIC LP RECOGNITION RESULT COMPARISON 

Reference Techniques used Dataset Result 

[4] 
OCR - by comparing with the 

records on a database 
Iranian - 

[11] OCR Arabic 86.6% 

[12] 
Canny edge detection & Sobel 

edge detection 
Arabic 91.5%. 

Current study 
Canny edge detection with 
horizontal projection - OCR 

Arabic 92.4% 

 

TABLE IV. ENGLISH LP RECOGNITION RESULT COMPARISON 

Reference Techniques used Dataset Result 

[5] 
Sobel edge. Morphological 

operation 
English - 

[6] 
Boundary line-based technique. 

Contour algorithm. OCR 
English 92.85% 

Current study 
Canny edge detection with 
horizontal projection - OCR 

English 96.0% 

 

 
Fig. 15.  Average Precision for English LPs. 

 
Fig. 16.  Average Precision for Arabic LPs.  

IV. CONCLUSION 

In the current paper, after the preprocessing stages, the 
canny edge approach was used to detect the plate edges, and 
multiple threshold strategies were employed to minimize the 
image noise. The plate was divided into rows using vertical 
projection during the segmentation process. After that, the 
masking technique was used to find and divide the image's 
regions of interest. The letters and numerals in English and 
Arabic are read individually using OCR on the processed 
pictures. Then, the re-shaper for the Arabic characters was 
used, combining English and Arabic text. Finally, the effects of 
the text on images were rendered along with the plate areas. 
The canny method, along with a projection approach and 
suitable picture preparation, results in an accuracy of 92.4% for 
Arabic and 96% for English texts on LPs. 

Future work will concern training the model in various 
conditions to increase the obtained accuracy results and 
increasing the dataset size. Also, the model could be developed 
to recognize all types of cars' plates by using different digital 
cameras to get good results. In addition, training the model 
with natural language processing on the Arabic letters to 
increase the speed of operation in real-time applications will be 
considered. 
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