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Abstract  

This project presents an enhanced Iraqi vehicle plate identification system, incorporating digital processing 

technologies and the XOR Auto-Associative Memory advanced associative memory algorithm, towards a fast and 

efficient performance under diverse conditions of imagery. The system consists of three major stages: identification 

of the panel area, or localization, using edge transformations and morphological operations; symbol segmentation, or 

segmentation, based on horizontal and vertical projections for the exact extraction of numbers and letters; and finally, 

recognition use of XOR operations and a binary distance criterion known as Hamming Distance. 

The model was tested on 420 images of panels in different scenarios of lighting: day, night, shadows, fog, and low 

light. It produced an accuracy of 98.10% in identifying the panel area and 98.14% in segmenting symbols, while the 

XOR algorithm gave the best result in recognizing 2,958 symbols with an accuracy of 99.93% in 2.4 ms per symbol. 

Another contribution of this system is that it has proven to be able to work in real time, processing 15–18 panels per 

second. 

These results confirm the efficiency of the proposed algorithm in dealing with distorted or low-quality images and 

stand out as a simplified and effective alternative to the traditional methods and old associative memory algorithms. 

Therefore, this research provides a practical and reliable framework for identifying Iraqi vehicle plates in security and 

traffic applications with high time requirements. 

 

Keyword: Iraqi License Plate Recognition (ILPR); XOR Auto-Associative Memory; Image Processing; Real-Time 

Recognition; Intelligent Transportation Systems (ITS) 

Introduction 

During the last decades, computer vision and digital image processing technologies have undergone extensive 

development; this has contributed to enhancing the capability of ITS based on automation and visual information 

analysis. An ALPR system represents one of the most important pillars in this field, as it offers a very essential function 

related to the basics of traffic security applications, such as parking management, access control to sensitive areas, 

and monitoring vehicles required by security agencies. Efficiency in ALPR systems depends basically on their ability 

to cope with real challenges, such as variations in lighting conditions and shooting angles, noise, low image resolution, 

and panel design differences among countries. [1-2] 

 
1 How to cite the article: Hassoon R.M (2025); Design and Evaluation of an XOR Auto-Associative Memory-Based Framework for Robust Iraqi 

License Plate Recognition; International Journal of Innovations in Applied Sciences and Engineering; Vol 12, 1-12 
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Consequently, in local relevance, there is a need to develop a system for identifying Iraqi paintings characterized by 

different visual compositions concerning symbols and the relative height of numbers, with dissimilarities in the 

distribution of painted areas. [3-4] 

Despite some achievements in previous studies with traditional neural networks and manual feature extraction 

algorithms, many systems still suffer from slow processing speeds or have little resistance to interference and noise; 

thus, their effectiveness in practical environments is yet to be ensured.[5-7]. Figure 1 shows the design of ancient Iraqi 

paintings [8, 20]. 

• Country: This section includes the word IQR. 

• Governorate code: The following part shows the code of the governorate in question. 

• Literal symbol: This letter represents the vehicle's serial number class. 

• Vehicle number: The last part contains the vehicle identification number..  

 

Figure 1. Iraqi License Plates. 

 

This is an XOR-based strategy for developing self-associative memory architecture (Auto-Associative Memory) with 

the aim of improving the performance of dual-representation pattern recognition systems. The proposed method is 

characterized by simple computational design and the absence of the need for complex weights or training rules, as 

patterns are stored directly within a multidimensional matrix, which makes the size of memory proportional to the 

size of the pattern only, regardless of the number of patterns stored. The architecture enables access to a wide storage 

capacity, with a great ability to resist noise, without suffering from common problems present in associative memories, 

such as pattern inversion or falling into local minimum values. The recognition phase follows the application of an 

XOR operation between the input pattern and the stored patterns, calculating the Hamming distance for the nearest 

matching pattern. This makes it fast and efficient; thus, the strategy is suitable for use in real-time applications such 

as image processing, symbol recognition, and bi-representational data analysis. [20] 

Therefore, Associative Memory Networks algorithms could achieve success in rapid pattern recognition tasks, 

primarily because they have been designed to work in environments where an immediate response should be given 

and with as few calculations as possible. Therefore, this research is going to present an enhanced algorithm for the 

identification of Iraqi vehicle plates based on the XOR Auto-Associative Memory strategy. The main features of the 

new method are its easiness of implementation and fast convergence and its high capability to deal with distorted or 

low-quality patterns without the need to use complex weights or complicated mathematical operations . 

It is based on three major steps for operation: localization, segmentation, and recognition, and the XOR algorithm. 

The model is evaluated with an extended dataset containing images captured in various lighting conditions..  

 

Literature Review 

Latif O. H. Wabah H. H. A suggested machine learning-based method for identifying Arabic paintings. The 

process involves capturing images, detecting characters through image processing, and then segmenting them to 

extract Arabic numerals. The algorithm was tested on 90 images and achieved an accuracy of 97.78% in plate 

positioning, 45.56% in OCR, and 92.22% using KNN [12].  

Abbas used G. and mortgaged A. The SSD algorithm identified the Iraqi plates, then segmented those using 

vertical and horizontal projections, and later relied on the KNN algorithm to determine the vehicle type. The method 
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was tested on 500 Iraqi vehicles and achieved 98% accuracy in plate detection and 96% accuracy in segmentation 

[14].  

Hussein B. A. developed an argument of M. S. A system for identifying license plates for security purposes. 

The board is detected using connected component analysis, while Kani's algorithm is used for character segmentation. 

In the final stage, characters are recognized using a multi-layer neural network (MLPANN), and the results are 

displayed via the GUI interface. The system achieved accuracy rates of 96% in panel identification and 97.872% in 

character recognition under various conditions [15]. 

Abdul Hamza D. A. Al-Aithawi A. D. The proposed recognition system consists of three main stages: initial 

processing, segmentation, and character recognition. After taking a photo of the vehicle, preliminary processing is 

done and then the panel area is precisely identified and cropped. The numbers are then segmented, and in the final 

stage the closest neighbor algorithm (KNN) is used to identify them. The system built using Python 3.5 and OpenCV 

achieved 90% accuracy on a set of 50 images [16].  

Kamal N. presented. N. And George L. E. A technique for identifying Iraqi paintings based on local horizontal 

and vertical projections. The results showed great effectiveness, as the method recorded an accuracy of 99.16%, with 

an average processing time of 0.012 seconds per character [18].  

Rusul Hussein, et al,. proposed a model based on modified bidirectional associative memory (MBAM), a 

homogeneous uncorrelated memory technique. The model works in two stages —learning stage and convergence 

stage— to identify traffic signs. Thanks to its high ability to withstand noise and distinguish distorted images, in 

addition to the small network size and speed of calculations, the model overcomes many common challenges. The 

system achieved 99.6% accuracy in panel positioning, 98% accuracy in character segmentation, and 100% accuracy 

in character recognition under various conditions [19]. 

Abbas, M., This article discusses the development of a method for identifying Iraqi paintings to detect violators in 

queue management systems. Many parties around the world have adopted traffic sign recognition technologies to 

enhance their capabilities in investigative and security aspects, as these technologies allow vehicle information to be 

extracted quickly without the need for long manual procedures. In this work, cognitive transfer was used to train two 

YOLOv8 models to improve the Automatic Panel Recognition System (ANPR).[21] 

 

Methodology  

The proposed method begins with the localization phase, which relies on several image processing algorithms to 

optimize inputs and accurately detect the vehicle plate area. This is followed by the segmentation phase, where letters 

and numbers are extracted from the selected board using a horizontal and vertical projection algorithm. Finally, the 

XOR process-based autocorrelation memory (XOR-AM) is applied to recognize all numbers and letters through the 

learning and convergence phases. Figure 2 shows the general sequence of operation of the proposed system. 
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Figure 2. Proposed Methodology 

 

License Plate Localization 

The localization phase is the first step in the proposed Iraqi car plate recognition model, where the plate is extracted 

from the vehicle image through a set of image processing operations. The following subsection explains the detailed 

steps of the location phase. 

RGB to Grayscale Conversion 

Image Acquisition: 

A digital camera was used to capture images of Iraqi vehicle license plates from the front and rear. The images were 

collected from different environments including streets, residential camps and public parking lots. 
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Pre-processing: 

Pre-processing is an essential step in improving the quality of paintings, especially since the capture process took 

place at different times of the day and under different climatic conditions. The captured images are initially colored, 

where the RGB image consists of three channels: red, green, and blue, and the value range of each channel is between 

(0–255). To simplify the subsequent processing stages, the RGB image is converted to a gray image with only one 

channel, by using Equation (1). 

𝐼_𝐺(𝑥, 𝑦)  =  0.2989 𝑅(𝑥, 𝑦)  +  0.5870 𝐺(𝑥, 𝑦)  +  0.1140 𝐵(𝑥, 𝑦) (1) 
Contrast Enhancement 

Images of vehicles are often captured under diverse lighting conditions (strong sunlight, shadows, low light), which 

can cause low contrast between the license plate and its background. To improve the visibility of plate edges and 

characters, a contrast stretching operation is applied to the grayscale image. 

This operation linearly maps the original gray levels into the full dynamic range [0,255], based on the minimum and 

maximum intensity values in the image, so that darker regions become darker and brighter regions become brighter 

in a controlled manner, by using Equation (2). 

𝐼_𝐶(𝑥, 𝑦)  =  ((𝐼_𝐺(𝑥, 𝑦)  −  𝐼_𝑚𝑖𝑛) / (𝐼_𝑚𝑎𝑥 −  𝐼_𝑚𝑖𝑛))  ×  255 (2) 
Where: Imin⁡, Imax⁡ are the minimum and maximum gray values. 

Edge Detection 

To enhance the panel area detection process, first, the contrast of the image is enhanced. Then, a canny edge detector 

is applied to extract the important edges. The detector relies on a smoothing process involving a Gaussian and then 

calculation of the image gradient in order to determine the edge strength after noise reduction. The operator makes 

use of 3×3 windows across the image in order to define the edge boundaries precisely through Equations Gaussian 

smoothing and gradient magnitude (3, 4, 5). [9] 

𝐼_𝑆 =  𝐺_𝜎 ∗  𝐼_𝐶 (3) 
where σG is a Gaussian kernel with standard deviation σ, and ∗*∗ denotes convolution. 

𝛻𝐼 =  ( (𝜕𝐼_𝑆/𝜕𝑥)^2 +  (𝜕𝐼_𝑆/𝜕𝑦)^2 ) (4) 
Based on the gradient magnitude and two thresholds (high HTand low LT), an edge map E(x,y) is generated to 

differentiate edge pixels from non-edge pixels: 

𝐸(𝑥, 𝑦)  =  1 𝑖𝑓 𝛻𝐼 ≥  𝑇_𝐻 ;  0 𝑖𝑓 𝛻𝐼 <  𝑇_𝐿 (5) 

Morphological Processing 

After determining the gradient, the edge strength is calculated. For isolating the painting from the background, 

morphological processes such as expansion (Dilation) and erosion (Erosion) are done; expansion expands areas of 

objects and increases the thickness of the boundary, which helps to deal with the problem of discontinuous edges. 

Then all the internal gaps in the image are filled. The resulting edge chart is used for analyzing transition zones 

between dark and light colors. 

Finally, the plate is exposed by identifying the most suitable contour. Then, the smallest rectangle surrounding each 

contour is calculated, and its side ratios and area are evaluated. Threshold values are used to determine the minimum 

and maximum panel area. The contour that meets these geometric conditions is then selected, and its respective area 

extracted from the original image. By using Equation (6,7,8,9). 

𝐼_𝐷 =  𝐼_𝐸 ⊕  𝐵 (6) 
𝐼_𝐸 =  𝐼_𝐷 ⊖  𝐵 (7) 
𝐴 =  𝛴 𝐼_𝐷(𝑥, 𝑦) (8) 

𝐴𝑅_𝑚𝑖𝑛 ≤  𝑊/𝐻 ≤  𝐴𝑅_𝑚𝑎𝑥 (9) 
 

Rotation Correction 

After the vehicle plate area is extracted from the original image, it is rotated at different angles in order to return it to 

its usual position. The angle of correct rotation is computed by the Hough Transform while the geometric correction 

is made very precisely using the bilinear interpolation method. Using the Equation (10, 11) 
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𝜃 = 𝑎𝑟𝑔𝑚𝑎𝑥 𝐻(𝜌, 𝜃) (10) 

𝐼_𝑅 =  𝑅_𝜃(𝐼_𝑃) (11) 

Character Segmentation 

After the vehicle plate area is extracted from the original image and its orientation is rectified, a segmentation stage 

is applied to segment each number or letter independently. Modern Iraqi painting is divided into four regions, as 

explained in the Iraqi painting design section. Horizontal projection and vertical projection algorithms, as shown in 

Figure 8, are used for the precise localization of letters and numbers . 

These algorithms work by calculating the sum of the pixel values at the row and column levels. The horizontal 

projection is calculated by summing the pixel values in each individual row, and the vertical projection is calculated 

by summing the pixel values in each individual column, as explained in Equations (12,13): 

𝑃_ℎ𝑜𝑟(𝑖)  =  𝛴 𝐼_𝑅(𝑖, 𝑗) (12) 
𝑃_𝑣𝑒𝑟(𝑗)  =  𝛴 𝐼_𝑅(𝑖, 𝑗) (13) 

Character boundaries are estimated by locating intervals using Equation 14: 

𝑃_𝑣𝑒𝑟(𝑗)  >  𝑇_𝑐ℎ𝑎𝑟 (14) 
Before moving to the recognition stage, each truncated symbol must be converted to a binary image, wherein all pixels 

turn into 0 or 1. This is accomplished via Equation 15: 

𝐵(𝑥, 𝑦)  =  1 𝑖𝑓 𝐼_𝑅(𝑥, 𝑦)  ≥  𝑇_𝑏 ;  0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 (15 
This representation is necessary because the XOR algorithm only works on binary matrices.) 

Character Recognition Using XOR Auto-Associative Memory 

After segmentation of the symbols and conversion to binary images comes the recognition stage, which is the stage 

where the system identifies the letter or number corresponding to each symbol. The proposed methodology is based 

on XOR Auto-Associative Memory, a simple and fast algorithm based on the principle of Hamming Similarity rather 

than heavy weights or multi-layer networks. 

The algorithm consists of two phases: 

•  Training Phase 

• recognition phase  

Training Phase 

In this phase, each character (i.e., a digit or a letter) is stored as a binary pattern inside the memory matrix. 

Each pattern P_k  is represented as a set of binary values as Equation 16: 

𝑃_𝑘 =  {𝑝_{𝑘, 1}, 𝑝_{𝑘, 2}, … , 𝑝_{𝑘, 𝑚}}, 𝑝_{𝑘, 𝑖}  ∈  {0,1} (16) 
where: m is the number of pixels of the character. 

All patterns are stored in a multi-dimensional memory matrix using Equation 17: 

𝑀𝐷 =  [𝑃_1, 𝑃_2, … , 𝑃_𝑁] (17) 
The patterns are stored directly where no weights or learning rules are used, which makes the algorithm extremely 

fast. 

Convergence Phase  

In this phase, an unknown character pattern U is fed into the memory to compare it with all stored patterns and 

determine the closest match. 

The algorithm relies on the XOR operation between the input pattern and each stored pattern. The step one computes 

XOR Operation using Equation 18 

𝑆𝑉_𝑘 =  𝑈 ⊕  𝑃_𝑘 (18) 
Where: 

𝑢_𝑖 ⊕  𝑝_{𝑘, 𝑖}  =  0 𝑖𝑓 𝑒𝑞𝑢𝑎𝑙 ;  1 𝑖𝑓 𝑛𝑜𝑡 𝑒𝑞𝑢𝑎𝑙 (19) 
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While resulting vector SV_k represents the binary difference between the input pattern and the stored pattern. The 

step two Compute XOR Distance using Equation 20, the similarity between the two patterns is measured by counting 

the number of mismatched pixels: 

𝐷_𝑘 =  𝛴 𝑆𝑉_𝑘(𝑖) (20) 

The Step three Determine Closest Match with the minimum XOR distance is selected by using Equation 21: 

𝑘 ∗ =  𝑎𝑟𝑔𝑚𝑖𝑛(𝐷_𝑘) (21) 
The Final step is Recognition Result by using Equation 22, thus, the algorithm guarantees selecting the closest stored 

pattern to the input pattern based on the binary XOR distance. 

𝑅𝑒𝑐𝑜𝑔𝑛𝑖𝑧𝑒𝑑 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟 =  𝑃_{𝑘 ∗} (22) 

Results and Discussion 

In comparison with its previous version, a larger and more diverse dataset was used for the evaluation of the developed 

Iraqi License Plate Recognition system. The dataset consists of 420 license plate images, captured under several 

environmental and lighting conditions, such as: 

• Direct daylight 

• nighttime illumination, 

• Partial shadows, 

• fog and low-light scenes, 

• strong artificial lighting, 

• Camera tilts angles ranging between 15° and 30°. 

Image resolutions ranged from 720×1280 up to 1080×1920 pixels to ensure a proper review at all the various quality 

levels. 

All experiments were conducted on the following hardware and software configuration: 

• Processor: Intel Core i7 

• 16 GB RAM, Memory 

• Operating System: Windows 10, 64 bit 

• Software Environment: MATLAB R2023a 

The XOR Auto-Associative Memory algorithm has been adopted for the recognition stage, in order to evaluate its 

capability for fast and accurate binary pattern classification. 

The Result of each stage shows in Figure 3. 

License Plate Localization Results 

The system demonstrated a very high ability to accurately localize license plates in the tested images. 

Out of 420 images, the system correctly localized the plate region in 412 images. 

Accuracy Localization=412420×100=98.10%  

Factors contributing to localization failures: 

1. Light reflections on the plate in nighttime images. 

2. Highly tilted plates exceeding the optimal angle range. 

3. Plates covered with dirt or dust, partially obscuring the boundaries. 

Character Segmentation Results 

After successfully localizing 412 plates, character regions were extracted using horizontal and vertical projection 

methods. 
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Extracted character counts: 

• Digits: 2,134 

• Letters: 824 

• Total Characters: 2,958 

The system correctly segmented 2,903 characters out of 2,958: 

Accuracy Segmentation=29032958×100=98.14%  

Common causes of segmentation errors: 

• Adjacent characters merging due to strong illumination. 

• Motion blur in some images. 

• Slight misalignment of characters within the plate. 

Recognition Results Using XOR Auto-Associative Memory 

The XOR Auto-Associative Memory model was trained on 34 classes, representing: 

• 10 digits (0–9) 

• 24 letters used in Iraqi license plates 

Test data distribution: 

• Digits: 2,134 

• Letters: 824 

• Total: 2,958 characters 

Correctly recognized characters: 

• Digits: 2,134 out of 2,134 

• Letters: 822 out of 824 

Accuracy Recognition=29562958×100=99.93%  

Analysis:  

• The highest accuracy was achieved for high-contrast character images. 

• Only two characters were misclassified, due to: 

o severe noise that flipped some binary pixels, 

o slight blurring that distorted the character shape. 

These results demonstrate the strong discriminatory power and robustness of the XOR Memory in binary-based 

recognition tasks. 
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Figure 3: Result of each stage. 

Processing Time Analysis 

Average processing time was measured over a sample of 100 images as shown in Table 1 and Figure 4: 

Table 1: Processing Time 

Stage Time (ms) 

Plate Localization 42.7 ms 

Character Segmentation 18.9 ms 

Recognition (XOR Memory) 2.4 ms 

Total per image 64.0 ms (≈ 0.064 s) 

Practical throughput: 

The system can process approximately 15–18 license plates per second, making it suitable for real-time applications 

such as: 

• checkpoint systems, 

• gate access control, 

• Intelligent traffic monitoring. 

 

 

Figure 4: Processing Time 
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These results of the developed system for Iraqi plate recognition based on the XOR Auto-Associative Memory 

algorithm prove the strong and sensible performance of the system model along the different stages, starting from 

plate area identification and symbol segmentation to recognition. The panel identification stage had high ability with 

several imaging conditions, as it achieved an accuracy rate of 98.10%, which indicates the efficiency of the first image 

processing operations in isolating the panel area despite the variation in lighting and angle of capture. However, a few 

cases of reflections or extreme tilt resulted in disturbances in detecting the exact outlines of the plate. In the 

segmentation phase proved to be the most sensitive to external factors despite achieving an accuracy of 98.14%. The 

existence of strong shadows, non-uniform light, or slight vibration in the image could make the symbols stick or their 

edges deviate, and any change in these will directly influence the quality of the symbols passed through the recognition 

phase. In additional, an excellent performance is provided by the XOR algorithm in the recognition phase with an 

accuracy rate of 99.93%, confirming its high capability of handling binary patterns in case some pixels are distorted 

or affected by noise . 

This superiority reflects the flexibility and computational simplicity of this algorithm compared to traditional methods 

dependent on complex weights or distances. In terms of processing time, it has been demonstrated that the system 

works efficiently within real time: the total time to process a single image reached about 0.064 seconds, which is low 

enough for it to be used in practical applications such as traffic inspection. Thus, these results clearly demonstrate that 

the developed model achieves a distinct balance between accuracy, speed, and stability, although optimizing the 

segmentation phase is still an important goal for further work in order to reduce errors and increase reliability in more 

complex environmental conditions.. 

Conclusion  

The present research put forward a more effective and superior system of recognition of Iraqi vehicle plates, based on 

a set of digital image processing techniques and the XOR Auto-Associative Memory algorithm, which proved highly 

efficient in binary pattern recognition processes. It was found that the proposed methodology presents a marked 

balance between high accuracy and speed of implementation since, notwithstanding large shooting conditions, 

lighting, and image quality changes, the system yielded excellent performance rates at the panel identification, symbol 

segmentation, and recognition steps. An accuracy of 99.93% at the identification stage and a low processing time for 

each image confirm that the suggested algorithm can work in real time and meet the needs of practical applications in 

traffic flow systems, security, and access control . 

Results also portrayed the XOR algorithm to be a simplified and efficient alternative to the classic associative memory 

algorithms because it is binary, fast in computation, and relies on a binary distance principle when making a decision. 

However, it was clear that the most sensitive stage to external factors such as noise, shadows, and vibration remains 

the segmentation phase; future research will therefore focus on increasing the accuracy and stability of the system in 

more challenging situations. In general, the framework provided here is practical and directly applicable. It defines 

steps for future development by embedding techniques of deep learning in order to enhance panel identification, 

improving the segmentation phase with advanced transformations, or developing hybrid versions that couple XOR 

with deep recognition models in order to scale up accuracy in complex environments. 

 

References  

1. Hashem NM, Abbas HK. Automatic Detection and Recognition of Car Plates Based on Cascade Classifier. 

Ibn AL-Haitham Görmez D, Akbulut O. A lightweight image decolorization approach based on contrast 

preservation. Int Conf Digit Imag Comput Tech Appl. . IEEE; 2022. 

Doi:10.1109/DICTA56598.2022.10034612  . 

2. Habeeb, D., Noman, F., Alkahtani, A. A., Alsariera, Y. A., Alkawsi, G., Fazea, Y., & Al-Jubari, A. M. (2021). 

Deep-Learning-Based Approach for Iraqi and Malaysian Vehicle License Plate Recognition. Computational 

Intelligence and Neuroscience, 2021, 3971834. https://doi.org/10.1155/2021/3971834 

3. Hussain, B. ali, & Hathal, M. S. (2020). Development of Iraqi License Plate Recognition System based on 

Canny Edge Detection Method. The Journal of Engineering, 26(7), 115–126. 

https://doi.org/10.31026/J.ENG.2020.07.08 



International Journal of Innovations in Applied Sciences & Engineering                            http://www.ijiase.com   

 

(IJIASE) 2026, Vol. No. 12, Jan-Dec                                                            e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 

11 

 

 INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 

4. Hussein, K. F. A., & Al-Ani, Z. T. A. (2022). Iraqi License Plate Recognition Based on Neural Network 

Technique. Journal of Physics: Conference Series, 2322(1), 012025. https://doi.org/10.1088/1742-

6596/2322/1/012025 

5. Kaur P, Kumar Y, Gupta S. Artificial Intelligence Techniques for the Recognition of Multi-Plate Multi-vehicle 

Tracking Systems: A Systematic Review. Arch Comput Methods Eng. 2022 May 16, 4897–

4914.https://doi.org/10.1007/s11831-022-09753-4 

6. Shetty AS, Vineeta VS, Ravi S, Likhitha N, Anuradha K. Vehicle Number Plate Detection through live stream 

using Optical Character Recognition (OCR). 7th Int Conf Trends Electron Info IEEE; 2023: 1548-1553. Doi. 

10.1109/ICOEI56765.2023.10125986.  

7. Hu M, Bai L, Fan J, Zhao S, Chen E. Vehicle color recognition based on smooth modulation neural network 

with multi-scale feature fusion. Front Comput Sci. 2022 Oct 22; 17(3). 173321. 

https://doi.org/10.1007/s11704-022-1389-x 

8. Altyar, S. S., Hussein, S. S., & Tawfeeq, L. A. (2023). Accurate license plate recognition system for different 

styles of Iraqi license plates. Bulletin of Electrical Engineering and Informatics, 12(2), 1092–1102. 

https://doi.org/10.11591/eei.v12i2.4186 

9. Canny J. A Computational Approach to Edge Detection. IEEE Trans Pattern Anal Mach Intell. 1986 Nov; 

PAMI-8(6): 679–98. https://ieeexplore.ieee.org/document/4767851 

10. Romanengo C, Falcidieno B, Biasotti S. Hough transform based recognition of space curves. J Comput Appl 

Math 2022; 415(114504): 114504. http://dx.doi.org/10.1016/j.cam.2022.114504 

11. Kolaitis DI, Kontis C, Tsichlas C. Effect of horizontal projection’s vertical location on the characteristics of 

externally venting flames. Fire Saf J. 2021; 120(103138): 103138. 

http://dx.doi.org/10.1016/j.firesaf.2020.103138 

12. Latif O H, Yaba H H. Plate Number Recognition based on Hybrid Techniques. UHD J Sci Technol. 2022 

Sep. 1 [cited 2023 Jul. 20]; 6(2): 39-48. https://journals.uhd.edu.iq/index.php/uhdjst/article/view/949  

13. Hussein KA, Al-Ani ZTA. Iraqi License Plate Recognition Based on Neural Network Technique. J Phys: 

Conf Ser. 2022 Aug 1; 2322(1): 012025. doi:10.1088/1742-6596/2322/1/012025 

14. Abbass G, Marhoon A. Iraqi License Plate Detection and Segmentation based on Deep Learning. Iraqi J 

Electr. Electron Eng. 2021 Aug 25; 17(2):102–7. DOI: 10.37917/ijeee.17.2.12. 

15. Hussain BA, Hathal MS. Developing Arabic License Plate Recognition System Using Artificial Neural 

Network and Canny Edge Detection. Baghdad Sci J. 2020 Sep. 1 [cited 2023 Jul. 20]; 17(3): 0909. 

https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/3494  

16. Abd Alhamza DA, Alaythawy AD. Iraqi License Plate Recognition Based on Machine Learning . Iraqi J Inf 

Commun Technol. 2020 Dec. 31 [cited 2023 Jul. 20];3(4):1-10. Available from: 

https://ijict.edu.iq/index.php/ijict/article/view/94  

17. Ali GK. Developing Recognition System for New Iraqi License Plate. Tikrit J Eng Sci. 2018 Mar. 11 [cited 

2023 Jul. 20]; 25(1): 8-11.: https://tj-es.com/ojs/index.php/tjes/article/view/53  

18. Kamal NN, George LE. An Improved Method to Recognize the Iraqi License Plates Using Local Projections. 

Iraqi J Sci. 2022 Feb. 1 [cited 2023 Jul. 18]; 57(4B): 2767-

79.https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/6326  

19. Hasan, Rusul Hussein; Aboud, Inaam Salman; Hassoon, Rasha Majid; and Khioon, Ali saif aldeen Aubaid 

(2024) "Hetero-associative Memory Based New Iraqi License Plate Recognition," Baghdad Science Journal: 

Vol. 21: Iss. 9, Article 7. https://doi.org/10.21123/bsj.2024.8823 

20. Hasan, Rusul Hussein (2024) "A New Strategy to Modify Hopfield by Using XOR Operation," Baghdad 

Science Journal: Vol. 21: Iss. 9, Article 17. https://doi.org/10.21123/bsj.2024.9238 

21. Abbas, M., & Mohammed, Z. M. (2025). Detection and recognition of iraqi license plates using convolutional 

neural networks. Science Journal of University of Zakho, 13(1), 7–17. 

https://doi.org/10.25271/sjuoz.2025.13.1.1344 

 

 

 

 

https://doi.org/10.1007/s11704-022-1389-x
http://dx.doi.org/10.1016/j.firesaf.2020.103138
https://journals.uhd.edu.iq/index.php/uhdjst/article/view/949
https://ijict.edu.iq/index.php/ijict/article/view/94
https://tj-es.com/ojs/index.php/tjes/article/view/53
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/6326
https://doi.org/10.21123/bsj.2024.8823
https://doi.org/10.21123/bsj.2024.9238
https://doi.org/10.25271/sjuoz.2025.13.1.1344


International Journal of Innovations in Applied Sciences & Engineering                            http://www.ijiase.com   

 

(IJIASE) 2026, Vol. No. 12, Jan-Dec                                                            e-ISSN: 2454-9258, p-ISSN: 2454-809X 

 

12 

 

 INTERNATIONAL JOURNAL OF INNOVATIONS IN APPLIED SCIENCES AND ENGINEERING 

Funding Declaration 

I, the undersigned, hereby declare that the research presented in this manuscript was conducted without any financial 

support or funding from any public, commercial, or non-profit organizations. 

The author confirms that no external funding was received for the design of the study, data collection, analysis, 

interpretation, or writing of the manuscript. 

 

Ethics Declaration 

The author confirms that this manuscript is an original work and has not been published previously, nor is it under 

consideration for publication elsewhere in any form or language. The research presented has been conducted with 

integrity and in accordance with accepted standards of scientific practice. 

The author declares that all data, results, and analyses reported in this study are accurate and have not been fabricated, 

falsified, or inappropriately manipulated. Proper acknowledgment has been given to all sources of data, text, and ideas, 

and all relevant references have been cited appropriately to avoid plagiarism. 

This study does not involve human participants, animals, or sensitive personal data; therefore, ethical approval was 

not required. 

The author has ensured that no conflicts of interest exist and that the work does not contain any defamatory or unlawful 

statements. All applicable copyright laws and permissions have been respected. 

The author agrees to provide the data supporting the findings of this study upon reasonable request and to cooperate 

fully with the journal in case of any ethical inquiries. 

Ethics declaration: Not applicable. 

 

 

 
 


