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Abstract: - The license plate recognition (LPR) system in Saudi Arabia is a system used to identify vehicle 
license plates automatically. It is used in many places such as airports, highways, and parking lots. The 
efficiency of the system depends on the image quality, weather conditions, location of plates, and the variations 
of license plates. The license plates in the Kingdom of Saudi Arabia are different from other license plates in 
other countries because they are written in both Arabic and English languages. This could be exploited to 
integrate the recognition results from both languages in a way to increase the efficiency of the system and 
reduce the errors that could affect the recognition of license plates. Instead of one LPR system, we have two 
independent LPR systems, and the results of both systems could be fused to increase the system's ability of 
reading cars’ plates. 
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1  Introduction 

License Plate Recognition (LPR) is an image 
technology used to identify plates for their vehicles. 
In areas such as surveillance and identification of 
vehicles, it is a must to have an automatic system 
that detects and recognizes license plates [1].  
There are three common tasks considered to 
achieve the license plate recognition. These tasks 
are plate localization, character segmentation, and 
optical recognition. Locating a license plate inside 
a larger image is the most crucial and key step of 
automatic license plate recognition and has 
previously been accomplished in many ways. The 
contrast between the background (license plate) and 
the foreground (letters) is significant for the license 
plate localization. There are various methods for 
locating the license plate such as color edge 
detection [2], fuzzy systems [3], weight-based 
density maps [4], edge statistics [5] [6], Discrete 
Fourier transform pate signal [7], and 
morphological operations [8].  
After the license plate image is located and 
extracted from a picture, then individual characters 
in the license plate are segmented. Character 

segmentation is the procedure of extracting the 
image characters from the license plate image [9].  
License Plate Recognition is also known as Optical 
Character Recognition (OCR), and it is the last 
stage of the vehicle license plate recognition 
system. In this phase, the plate character images 
that have been taken out from the license plate 
image have to be identified and recognized. After 
segmenting the letters and numbers in the license 
plate, the characters are then fed to a classifier to 
recognize the character, examples of such 
classifiers include template matching [10], neural 
network [4], support vector machine [11], and 
Naïve Bayes [12]. 
A Fusion is the process of combining a group of 
units (or information) in such way they integrate 
with each other to form one unit. In this sense, 
fusion has been researched in the different levels of 
license plate systems. In [6], a probabilistic model 
was presented to combines the plate locations from 
different thresholds of car image. While in [12], a 
fusion process is applied to recognize the character 
image in a method called pixel fusion.  
The Saudi Arabia License plates have a very 
significant characteristics which is that all areas in 
the plates have a dark rectangle around the 
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numbers, letters, and symbols in. Another 
significant characteristic of the Saudi license plates 
is the position of numbers and letters i.e. numbers 
and letters do not mix with each other.  

Fig.1. Saudi Arabia License plates samples. 
 
On the top of all that, Saudi Arabia license plate 
consists of two corresponding letters (Arabic, 
English) that enable any LPR system to recognize 
the plates from the Arabic characters, English 
characters, or even both. (Figure1) shows samples 
of Saudi Arabia License plates.   
The study by Sarfraz [13] was the first of its kind 
for Saudi Arabian license plates. The system was 
tested over many car images and was proved 95 % 
accurate. Alginahi [14] proposed a system that 
recognizes both old and new Saudi license plates. 
The license plates are detected by searching the 
vertical lines, then the width to length ratio is used 
to locate the plate. The system provided a total 
character recognition rate of 98.63%. Shaaban [15] 
proposed a system where a neural network 
classifier is used to recognize the characters based 
on edge moment invariants and principal 
component analysis features of wavelet coefficient 
matrix. The proposed system achieved a 
recognition rate of 97.6%. Khalid Almustafa [16, 
17] proposed an algorithm that uses pixel density to 
recognize characters in license plates. Maglad [18, 
19] proposed a system that uses radial basis 
function (RBF) in neural networks (NN) for the 
detection and recognition of plates. The system was 
able to detect the license plate of the Saudi cars. 
Deriche [20] proposed a hybrid system of RFID 
and license plate recognition. The ALPR module 
was used to identify unauthorized vehicles 
achieving a recognition accuracy of license plate 
numbers with 94%. 

The motivation of this paper is to develop a system 
that could detect and extract a license plate from a 
vehicle image and recognize both English and 
Arabic characters and numbers on Saudi license 
plates. The study will shed light on the reality of 
the fusion of Arabic and English characters for 
accurate license plate recognition.  
The structure of the paper is as follows, next, we 
will describe the Saudi Arabia license plates. later, 
the steps of recognition the license plates are shown 
in in section 3. In Section 4, we show the fusion 
process in the recognition of Arabic and English 
texts of Saudi Arabia license plates. Results and 
discussions are placed in section 6. Finally, the 
paper will be concluded in section 6.  

2 Saudi Arabia License Plate 

Description  
The license plates of Saudi cars consist of seven 
alphanumerical Arabic and English characters 
(refer to Figure 1). The first four characters in the 
Arabic and English texts are numeric (٩,…,٠,١. 0, 1, 
…, 9), and the remaining three characters are 
alphabetic letters.  
The new Saudi license plates are white and contain 
Arabic letters and numbers, English letters, and 
Hindi numbers (refer to Figure 2). The letters are 
three characters, while the numbers are up to 4 
characters. Region 3 (R 3) with the Hindi numbers 
is on the upper far left. Region 5 (R 5) with the 
Arabic numbers are on the lower left. Region 2 (R 
2) The Arabic letters is on the upper middle part. 
Region 4 (R 4) with the English letters is on the 
lower middle part. Region 1 (R 1), a vertical 
colored region on the right side has the symbol of 
the kingdom as well as the letters KSA 
(abbreviating the name of the country, Kingdom of 
Saudi Arabia). 

Fig.2. Saudi Arabia License structure. 
 
There are only 17 characters are used in Saudi 
Arabia license plates. The Arabic characters that 
appear in the license plate: ( ،أ، ب، ح، د، ر، س، ص، ط
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هـ، و، ى   While, the corresponding .(ع، ق، ك، ل، م، ن، 
English characters are shown in Table 1.  
Table1: Arabic and English characters of Saudi 
license plates. 

Arabic 
letters 

English 
letters 

Arabic 
letters 

English 
letters 

 G ق  A أ
 K ك B ب
 L ل J ح
 Z م D د
 N ن R ر 
 H هـ S س
 U و X ص
 V ى  T ط
     E ع 

 
It should be noted that, Arabic language consist of 
28 characters, while the English language consist of 
27 characters. Saudi license plates use only 17 
corresponding of Arabic and English characters. 

3  License Plate Recognition 
Any LPR system consists of the following:  
1- Image acquiring: 

The general aim of image Acquisition is to 
transform an optical image (Real World Data) into 
an array of numerical data, which could be later 
manipulated by an LPR systems. In some 
applications (i.e., car park, speed limit), the system 
is triggered to start the recognition process and the 
camera is focused to capture the pate areas as 
shown in Figure 3. 

      Fig.3. Acquiring the license plate area. 
 
2- Extracting plate from car image.  

In this step, the license plate is localized in the 
acquired image (see Figure 4) to process the 
recognition step on the license plates and removes 
unrelated areas. 

Fig.4. Localization of license plate. 
 
3- Image segmentation, extract of characters from 

image.  
Each character in the license plate is execrated in a 
separated image (see Figure 5). Then each 
character image is normalized, and some image 
processing algorithms could be applied that 
include convert image to black and white, and 
noise removal. 

 
Fig.5. Segmentation of characters if license plates. 

 
4- Character recognition.  

Although Neural Network researchers are generally 
not concerned with whether their networks 
accurately resemble biological systems [21]. Neural 
network is the most common classifier that identify 
character images. A Neural Network is a 
processing device (algorithms or actual hardware) 
that is formed from processing units called neurons. 
A large Neural Network might have hundreds or 
thousands of processing units that are connected to 
form layers.  

To achieve the objectives of the research the results 
of neural networks from Arabic and English 
character images will be integrated to improve the 
accuracy of LPR in Saudi Arabia. It should be 
noted that any other classifier could be used in the 
step including the deep learning approaches. 
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Fig.6. Graphical illustration of the fusion process for Saudi Arabia license plate 

4 Fusion of Saudi Arabia License 

Plate 
As described, Saudi Arabia license plate contains 
two paths of recognition, Arabic path and English 
path. Ideally both paths should give the same 
recognition results. However, the noise that could 
be added on the license plate through the 
recognition steps is text independent in which 
different recognition confidence of characters  
might be obtained as well as different recognition 
rates in each path. Moreover, identifying of 
characters in each path could be different. 
Therefore, both results can be combined to reach to 
the final recognition decision. The output of the 
neural network represents the confidence of the 
recognition to each character. We can simply 
multiply both results and then normalize the output 
to obtain the decision of the character images: 

𝑚𝑎𝑥⏟
𝑖

∏ 𝑂𝑖𝐴𝑂𝑖𝐸       

∑ ∏ 𝑂𝑖𝐴𝑂𝑖𝐸       
27
𝑖

  𝑖 = 0,1,2 … . , 𝐴, 𝐵, … 𝑍    (1) 

Where 
𝑂𝑖𝐴 is the confidence of character i in Arabic path.  
𝑂𝑖𝐸 is the confidence of character i in English path.  

The denominator of (1) represents a normalization 
term in which all character probabilities will sum 
up to 1. 
A block diagram of the proposed algorithms is 
show in Figure 6. 
In Saudi Arabia license plate, numerical and 
alphabetical characters do not sit next to each other. 
Therefore, recognition of numerical characters 
could be obtained in a neural network, and 
recognition of alphabetical characters could be 
obtained in another neural network to reduce the 
number of classes at the output of the neural 
network. This could also improve the recognition 
rate. Therefore, we could have four neural 
networks, two for the Arabic path (numeric, 
alphabet) and two for the English path (numeric, 
alphabet). Equation (1) can be extended to 
𝑚𝑎𝑥⏟

𝑖

∏ 𝑂𝑖𝐴𝑂𝑖𝐸       

∑ ∏ 𝑂𝑖𝐴𝑂𝑖𝐸       
17
𝑖

    𝑖 = 𝐴, 𝐵, … 𝑍 

𝑚𝑎𝑥⏟
𝑖

∏ 𝑂𝑖𝐴𝑂𝑖𝐸       

∑ ∏ 𝑂𝑖𝐴𝑂𝑖𝐸       
10
𝑖

    𝑖 = 0,1, … ,9                 (2) 
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Fig.6. Graphical illustration of the fusion process for character (4, ٤) 

Figure 6. shows a specific example of how the 
results from both neural networks are fused for the 
character image (4,٤). The confidence from the 
Arabic path of Arabic image (٤) is 0.75 and from 
the English path of English image (4) is 0.92. 
Apparently, both paths can recognize the character 
correctly which is not necessarily true for all 
characters. However, the results of the fusion 
process increase the confidence of recognition to 1. 
Because the confidence of the other digits is killed 
once they multiplied by their corresponding digits. 
The essence of the process is that the confidence of 
false alarm in both paths are independent, and these 
confidences will be eliminated if one path 
incorrectly recognized the character, leaving the 
true positive to have a quite significant value after 
the multiplication. The same process is applied for 
the alphabetical characters.  

5 Experimental Results 
 
The method has been tested on a local set because 
we are not able to find a public set of Saudi Arabia 
license plates. The data has been collected from 
different locations with different angles under 
different illumination conditions (daylight, shadow, 
night, etc.). We have collected 70 license plates 
that have been manually localized, also the 
characters have been manually segmented because 
the purpose of the method is to show how the  

two paths in Saudi Arabia license lates. The 
character images are then normalized to (25x25). 
The total number of obtained characters are shown 
in Table 2. 
The parameters of the neural networks used in the 
experiments are as follows; the size of the input 
layer of all neural network would be 625 neurons. 
While the size of the output layer is set to 10 and 
17 for numerical and character neural networks, 
respectively. We considered the function scaled 
conjugate gradient for training, and the nonlinear 
activation functions in the layers are tansig for first 
layer and softmax for the output layer.   
Table 2. Local data set information. 
 Arabic English 

 Numeric alphabetic Numeric alphabetic 

Train 158 186 138 157 

Test 15 22 33 41 

Total 173 208 171 198 

 
The fusion process for numeric and alphabetic 
characters is achieved independently as one the 
characteristics of Saudi Arabia license plate that the 
separation between the numeric and alphabetic 
characters. Because we have different samples of 
Arabic and English image characters, we can 
synthesize the license plate by collecting data from 
the Arabic and English sets. The results were 
obtained for 1000 random combinations between 
Arabic and English sets. The number of nodes in 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL 
DOI: 10.37394/23203.2020.15.71 Hamdan Al-Harbi, Rami Al-Hmouz

E-ISSN: 2224-2856 713 Volume 15, 2020



the hidden layers of the neural networks were 
experimentally selected to 5 and 10 in the numeric 
and alphabetic neural networks, respectively. The 
error rates in recognition for the individual neural  
in Table. 3 
Table 3. Error rate of recognition of individual 
neural network. 

 
fusion proses can improve the recognition using the  
The recognition error rates produced by the neural 
networks are quite significant, because the size of 
the training set is small, also the data itself contains 
error in which the shapes of the characters are 
distorted in some images. Adding the fusion 
mechanism will improve the performance of 
recognition in both numeric and alphabetic 
characters. Table 4. shows the recognition error 
rates once including the fusion step to the output of 
the neural networks.  
It is clearly shown that fusion will decrease the 
recognition error rate. Although the performance of 
the individual neural network is low, but the fusion 
process managed to improve the recognition in 
such way it takes the best from both paths. It 
should be noted that the fusion process improves 
the total performance regardless the classifier 
types, and performance of individual classifiers. 
Using neural network in the experiment is just an 
example of a classifier that could be used to show 
how the performance could be improved once 
adding the fusion mechanism. 
 

6 Conclusion 
The paper presented a fusion mechanism to 
combine the results of recognition of LPR system 
in Saudi Arabia license plates. The result of 
recognition is combined from the Arabic and 
English paths. Multiplying the outputs of neural 
networks can reduce the error produces in the 
individual neural network. The minimum 
improvement in the performance was 50% 
regarding to error rate.  Moreover, the fusion 

process could be applied using other types of 
classifiers such as support vector machine, template 
matching, and Naïve Bayes. For future work, deep 
learning approach could be investigated in the 
recognition of Saudi Arabia license plate. 
 
Table 4. Error rate of recognition using the fusion 
process. 
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