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Abstract: License plate recognition is one of the great challenges that come with the applications of computer 

vision, due to ambient conditions such as lack of lighting, motion blur, and deviation of the shooting angle. In 

this paper, we deal with vehicle plates in the State of Iraq, due to the variety of forms of plates in terms of 

design, size, and color. Which was designed to contain numbers, letters, and names of the provinces were 

written in Arabic. Where there is a new and old design, and there is also a special design in the northern region 

of the same country. This requires us to huge data for all these categories to obtain a high performance in the 

process of discrimination. A system has been proposed consisting of two parts, the first part is responsible for 

the process of detecting the plates, in which the SSD model with ResNet-50-FPN was used, and the second part 

is responsible for the process of discrimination, in which we used three models of efficientdet_d0 and the reason 

for this is that we have three types of plates and each Some of them are of different sizes, so we assigned each 

category a model to complete the process. Experimental results show that the proposed method is promising for 

license plate recognition. 
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I. INTRODUCTION 
With the growing population increasing dramatically, the number of vehicles is increasing due to their 

appliance in daily life. Therefore, there was a need to create automatic systems to identify vehicles through 

license plate number, which is unique for each one. That can be used in parking systems, traffic control systems, 

detection of stolen vehicles, etc. In every country, there is a special design on the number plate that may contain 

numbers only or letters and numbers together.  In Iraq country, each type of car (car – taxi - truck) contains a 

specific color and size, in Fig.1, we see three main categories of number plates in Iraq, (a) the new style, which 

contains three types  (car – taxi - truck) respectively, each one of them distinguished by a different vertical color 

font, (b) the old style, also contains three types and distinguished by different color font, (c) the north style, it 

contains one type only. As we note from the figure, the three types vary in length and width. Iraqi number plates 

of all types can be considered a major challenge in this field, the first reason is that there are so many different 

styles, where they are dimensionally different, and the second as we note in Figure1, there are several 

discriminatory identifiers in the plate, for example, in (a), the first line includes Arabic and word numbers, the 

second line includes English numbers, and the third line includes the name of the state and the type of vehicle 

also in Arabic. This means that it requires us to have a huge dataset and many indicators for each image in it.  

Therefore, many techniques have emerged to deal with this need that comes within the field of digital image 

processing and computer vision, and the latest of these technologies are deep learning techniques [1], Which has 

proven very effective in the field of image recognition [2], object detection [3], image segmentation [4], and that 

have been able to overcome earlier problems such as ambient conditions in the image such as lack of lighting 

[5], noise and weather conditions [6] that reduce the quality of the captured images and thus the accuracy of the 

algorithm will decrease in the processing of vehicle number plates. The automatic system process is generally 

divided into two parts: the detection process, which is deals with localizing the position of the vehicle plate in 

the captured image using a specific algorithm, and then the output will be the presence of the plate with the 

coordinates of its location in the image. The second part is the recognition process, Responsible for identifying 

the content of the plate from numbers and words and their segmentation and then identifying each segment 

individually, and this is also done using a specific algorithm. 
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Figure 1 Examples of Iraqi License Plates 

 

II. Related Work: 
Many previous works applied to deal with the problem of detecting number plates and distinguishing 

their contents. various types of techniques were used to solve these problems, but in this scientific paper, we will 

review the works that used deep learning methods to deal with these problems, because their work is related to 

the method proposed in this paper. 

In [7], a modified version of YOLO has been proposed called YOLO-LPD to be convenient to work in 

the detection of number plates where was divided the input image using an 11x11 grid to ensure that the small 

license plates be detected. In addition, to avoid false positives, each grid only predicts one bounding box in the 

image. In [8], a paper introduced an automatic system for license plate detection and a recognition-based 

learning method, which divided the pipeline into three parts: detection, segmentation, and recognition. In the 

detection part, many preprocessing is applied to the image to improve the quality that becomes an input to the 

CNN classifier model to distinguish between LP and non-LP. In the segmentation part, a few steps are applied 

to the image to extract the numbers to get ready for the last step of recognizing it by using the CNN model with 

37 classes this system is tested on two datasets and gets the result mentioned in the paper. 

In [9], the authors suggested that the study focuses only on the detection process, where it is suggested to 

use two CNNs, a shallow CNN and a deep CNN. A shallow CNN examines the entire image to eliminate 

unwanted regions quickly, and a deep CNN is used to classify the remaining regions to detect license plates. 

This method is tested by the BIT-Vehicle dataset, which gave a fast, and accurate result. The study by [10] 

focused on the use of the a deep neural network for the detection step Where the Faster-RCNN was used, the 

region proposal network is the core of this type for license plate detection task. One of the advantages of this 

type is the speed of detection and acceptable accuracy, while for the recognition step, Images detected have been 

processed first by using conventional image processing methods, and the final step is to recognize the filtered 

images by using LSTM Tesseract OCR engine. 

In [11], the author have developed a lightweight convolutional network to work in the detection and 

recognition system for the license plate that theoretically decreases the computational complexity. On the other 

side, this model can be run on different platforms such as GPU, CPU, and FPGA, it can work perfectly in real-

time on dedicated devices with low power. It obtained a high accuracy result of up to 96%.  In [12], proposed a 

novel automatic number plate recognition system under the name VSNet, it is composed of two CNNs, 

VertexNet for license plate detection and SCR-Net for license plate recognition. VertexNet accepts the input 

image with a small size of 256x256to address the problem of time consumption during the detection process. 

SCR-net is a classifier that predicts the characters by a forward pass. The architecture for this work used a 

horizontal encoding method for the left to right feature extraction and a weight-sharing classifier for character 

recognition. Promising results have been achieved in both the detection and recognition processes compared to 

the previous works that were presented in their research. 

 

III. Proposed Method 
The proposed method for automatic number plate detection and recognition system is composed of two 

main sections, which is mentioned as follows: 

 

License Plate Detection (LPD): 

We have been choosing SSD with resnet-50-FPN as a backbone for the detection step [13]. This model 

was used from Tensor flow-Model-Zoo Pre-trained on the MS-COCO dataset [14]. 
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This model generates bounding boxes and confidence scores for each image. After the model is fed with 

the input image, the license plate will be detected and categorized in the style of the detected plate (New-Old-

North), as shown in Fig.2. And then we crop the part of the detected image that contains the license plate and 

fed it to the second stage (recognition of the numbers and words), which consists of three models, each model 

trained to read the contents of one of the three types of the license plates. And through the type of detected plate, 

we choose the model to which we fed the image of the license plate. 

From this motivation, it becomes obvious that the image will pass in each case two trained models, the 

first representing the first stage (detection of the license plate) and the second representing the second stage 

(recognition of the numbers and words).This will take additional time, and this is a serious challenge. To 

address this challenge, we resorted to using model SSD with resnet-50-FPN. This model is suitable in terms of 

speed and accuracy, especially if we know that we did not face the problem of the small size of the detected 

plates. 

 
Figure 2 LP Detection System 

 

License Plate Recognition (LPR): 

After the license plate is detected, it is cropped, and make some modifications to it, we increase its size to 

qualify it as an input to the second stage (reading numbers). 

Our task is to recognize the detected plate and which category belongs to it (New-Old-North), we 

propose using a specific model for each category as shown in Fig.3. 

 
Figure 3 LP Recognition System 

 

The reason for this is the discrepancy in the dimensions of the plate detected for each of the three types. 

So, in sum, we will have three trained models. 

We used three pre-trained models on coco-dataset data of type efficientdet_d0_coco17_tpu-32 [15].This 

model is located within a group of models called (Efficient Dets) and it consists of eight models starting from 

(d0) to (d7), and it is used in objects detection tasks and achieves a mean average precision of 55.1mAP 

according to COCO test. Our model (d0) has a speed of 39 ms and an accuracy of 33.6 coco mAP, as mentioned 

in the table in the file (tf2_detection_zoo.md) of the Google platform called 

(Tensorflow2_object_detection_api). 

This model contains three basic components as it uses in the classification stage a deep network called 

(EfficientNet) that extracts the features or characteristics of the input image, and this network is the backbone of 

this type of model, it also uses a featured network, which it takes multiple levels of features from the backbone 

as input and has as an output a set of fused features that represent the salient characteristics of the image. It also 

uses a final stage (class/box network), this stage takes the fused features as its entry data and performs two 

separate tasks: detecting objects and determining their location.  
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IV. EXPERIMENTS AND RESULTS  
Because there are no specific sources, the internet was our only source as we collected images from 

different locations (car galleries, parks, gas stations, as well as images we take from a video collection showing 

scenes from the streets in Iraq). More than 5000 images were collected, where we allocated 1500 images for the 

data of the first stage, considering that there are three types of plates (Classes) to be detected, so we allocated 

500 images for each category. The images for the second stage data are as follows: (a) 3500 images of training 

and checking the model that performs the task of recognition numbers in New Style plates. This number of 

images is considered normal, as the total of the items is 43 items. These categories are 10 categories 

representing the numbers from 0 to 9, as well as 15 categories representing the letters used, and 15 categories 

representing the Iraqi governorates except for the northern states, and finally 3 categories representing the type 

of vehicle (car – taxi - truck). (b) 1282 An image of training and checking the model that performs the task of 

recognizing the numbers in the Old-Style plates. This number is proportional to the number of categories for 

these plates, which is 25 categories, as 10 of them represent numbers from 0 to 9, and 15 items represent the 

governorates except for the northern states. 

( c) 600 images for training and examining the model that performs the task of recognizing the numbers 

in the plates of the region, as the number of items is 13 types, 10 for the numbers and 3 for the northern states.  

Given that the images that we obtained are from various sources and in different sizes, as well as the 

aspect ratio is different, it was necessary to take some appropriate measures to make the images of one context 

in terms of sizes as well as in terms of aspect ratio to be The training process is normal. As for the images for 

training the models in the second stage, we deduct the areas of the plates from the images, and then we run on 

them the same methods that we performed previously, i.e. in terms of size and proportion. 

We chose a width of 720 and a height of 470 for the images of the first stage, as for the images for 

training and testing in the second stage, they are different in terms of height because they belong to three types 

of plates with different heights, and the width is also chosen to be 720. 

We used the (label Img) software to make annotations on the images to identify objects using Ground 

Truth. In the second stage, we took into account the small width of some numbers and letters, especially the 

number (1) and the letter (A),Because they are similar in the form in Arabic, as we increased the width of the 

ground truth for each one for fear that their data will fade through the different layers of the model. 

The models have been prepared for training, where the first stage will be the initialization of the model 

(ssd_resnet50_v1_fpn_640x640_coco17_tpu-8), which we used in this stage for the purpose of training it in 

order to enable it to perform the task of detecting plates of various types (New-Old-North) through the file 

(pipeline.config). ) and pass the following data to it: num_classes: 3, batch_size: 8, We did an image 

augmentation technique data_augmentation_options including random_horizontal_flip. 

Choosing the training volume in terms of the number of epochs through (total_steps: 25000). 

In the second stage we created the three models that we will use as follows: In the model for reading 

numbers in new plates style, as we mentioned earlier, we used the model (efficientdet_d0_coco17_tpu-32), 

where we configured it through its config file as follows: num_classes: 43, batch_size: 4, We did not do the 

data_augmentation_options technique, because numbers, letters, and phrases cannot bear any change in their 

shape.Choosing the training volume in terms of the number of epochs through (total_steps: 50000).  

And in the model for reading numbers in the Od plates style: As we mentioned earlier, we used the 

(efficientdet_d0_coco17_tpu-32) model, where we configured it through its config file as follows: num_classes: 

25, batch_size: 4, We did not do the data_augmentation_options technique, because numbers, letters, and 

phrases cannot bear any change in their shape. Choosing the training volume in terms of the number of epochs 

through (total_steps: 50000). 

And in the model for reading numbers in the North plates style: As we mentioned earlier, we used the 

(efficientdet_d0_coco17_tpu-32) model, where we configured it through its config file as follows: num_classes: 

13, batch_size: 4, We did not do the data_augmentation_options technique, because numbers, letters, and 

phrases cannot bear any change in their shape. Choosing the training volume in terms of the number of epochs 

through (total_steps: 50000). 

In general, the mean average precision (mAP) is used to evaluate the accuracy. However, as long as we 

have two stages, the first is responsible for detecting the license plate, and the second consists of three 

models.So, at each stage we evaluated the models, the results are shown in Table 1. In Fig.4, an example of the 

process of detecting and recognizing car vehicles is shown, where we note the excellent discrimination accuracy 

in the process. 

All the experiments have been executed using Ubuntu OS with Intel® Core™ i7-8750H CPU @ 

2.20GHz and with NVIDIA GeForce GTX 1060. 
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Table 1 Evaluation Table 

Stage Model Training epochs mAP 

First LPD 25000 99.7% 

Second New Style LPR 10000 99.7% 

Second Old Style LPR 10000 100% 

Second North Style LPR 10000 99.7% 

 

 
Figure 4 Detection example of Iraqi License Plates 

 

V. CONCLUSION AND FUTURE WORK 
Many studies have been conducted on the task of detecting and recognizing vehicle plates, and each 

country has its style in terms of size, color, and pattern of information contained in vehicle plates. This work is 

focused on the Iraqi license plate. Due to the great diversity in the style of its vehicle plates in terms of size and 

color, which made our task was a great challenge in terms of collecting data and obtaining reliable accuracy for 

the system to work effectively. The proposed system consists of two parts: License Plate Detection (LPD) and 

License Plate Recognition (LPR), which is used the SSD model with ResNet-50-FPN and three models of 

efficientdet-d0 respectively. The proposed system achieved promising results obtained when applied to various 

images and in all environmental conditions. The future work will be to implement the system in real-time and 

try to adapt the system to work at an acceptable speed. Our suggestion will be to use the work environment Yolo 

version 5 to be suitable for this purpose. 
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