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 ملخص

الغرض الأساسي من إجراء ھذا البحث ھو إنشاء واختبار وتطبیق نظام إشارات ضوئیة یعتمد على  
الضوء الأحمر والتعرف    انتھاك  إكشافخاصیة  كثافة حركة المرور التي تعمل في الوقت الفعلي مع  

التلقائي على لوحة الترخیص اللیبیة. یتم استخدام مجموعة من أجھزة استشعار الأشعة تحت الحمراء 
الرادیو  تردد  تحدید  تقنیة  یستخدم  المرور.  حركة  كثافة  لقیاس  تقاطع  كل طریق  على  الموضوعة 

الأحمر باستخدام مستشعرات   لإعطاء الأولویة لسیارات الطوارئ. یكتشف النظام انتھاكات الضوء
لى نظام التعرف ثم یتم تسلیم الصورة إ  المخالفة،الأشعة تحت الحمراء السلبیة ثم یلتقط صورة السیارة  

التلقائي على لوحة الترخیص الذي یعالج الصورة لتحدید موقع منطقة لوحة الترخیص والتعرف على 
الأرقام والأحرف. تم تصمیم نظام إشارات المرور المقترح ومحاكاتھ باستخدام لغة وصف أجھزة 

Verilog    واختباره على مصفوفة بوابة قابلة للبرمجة مجالCyclone IV GX یتم تنفیذ نظام .
 .التعرف التلقائي على لوحة الترخیص باستخدام التعلم الآلي ومعالجة الصور

 
ABSTRACT 
The primary purpose of conducting this research is to design, test, and implement a traffic 
light system based on traffic density that operates in real-time with red light violation 
detection and automatic Libyan license plate recognition. A group of infrared sensors 
positioned on each intersection roadway are used to measure traffic density. It uses radio 
frequency identification technology to prioritize emergency cars. The system detects red 
light violations using passive infrared sensors and then captures the violating vehicle 
image, then the image is handed to the automatic license plate recognition system which 
processes the image to localize the license plate region and recognize the digits and 
characters. The suggested traffic light system is designed and simulated using Verilog 
Hardware Description Language and tested on Cyclone IV GX field-programmable gate 
array. The automatic license plate recognition system is implemented using machine 
learning and image processing algorithms.  
 
KEYWORDS: Density-based traffic Light System, Automatic License Plate     

Recognition, Digital Image Processing, Machine Learning, Verilog 
Hardwar Description Language, Field-Programmable Gate Array 
Design. 
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INTRODUCTION 
Today, vehicle traffic is an important economic component in both urban and rural areas 
due to the ever-increasing number of vehicles, and it needs appropriate administration 
and supervision to guarantee this large number of vehicles does not conflict [1]. Due to 
the  huge number of vehicles around the world, different levels of traffic breaking-rule  arise, 
particularly red-light violations [1]. Effective traffic violation detection and number plate 
recognition systems are required to arrest offenders and address the shortcomings and 
failings of human traffic administrators who are unable to be everywhere at once [1]. 
Moreover, this huge increase in vehicle numbers can easily lead to traffic jams. A traffic 
jam happens when a car is stationary for a long period [2]. Conventional traffic lights 
have a fixed time duration regardless of traffic congestion and do not consider the 
presence of emergency vehicles. This prompted us to consider developing a smarter and 
more effective method of solving those problems. A field-programmable gate array 
(FPGA) based intelligent traffic light controllers (TLCs) are being explored to design more 
effective traffic systems. This is in contrast to conventional traffic light controllers, which 
use a 24-hour delay and apply specific traffic light periods to individual time zones [3]. 
A method of prioritizing routes has been created where the waiting time for each is 
manually adjusted [4]. Four routes have been established and the movement of traffic on 
them is managed by a 24-hour TLC [5]. In [6]. Real-time density-based TLC manages 
intersections with different delays for roads in the intersection and provides an emergency 
handling feature [7]. A dynamic TLC has been suggested, in which traffic density is 
calculated as a function of the number of active infrared (IR) sensors [8]. A red light 
violation detection system is implemented using IR sensors and image processing 
techniques to recognize the violated vehicle license plate number [1]. A system to 
recognize Egypt's license plate is implemented utilizing image processing and an artificial 
neural network [9]. A Libyan license plate recognition system using a support vector 
machine has been studied [10]. A license plate recognition system that uses a hierarchy 
of four Region-Based Convolutional Neural Networks (RCNNs) one to detect the vehicle, 
another one to detect the license plate region, a smaller RCNN to detect individual letters 
from the detected license plate, and finally, an RCNN classified is employed to recognize 
the individual letter[11]. To manage and supervise traffic, the proposed system employs 
radio frequency identification (RFID) scanners and infrared sensors, while machine 
learning and digital image processing are used to determine the offending vehicle's license 
plate number. As a system on a chip (SOPC), FPGA manages and controls the traffic 
based on traffic density and gives priority to emergency vehicles automatically. A new 
function suggested in our system is that to prevent blockage at the junction, the traffic 
signal shifts based on data received from sensors that are installed on the roads. Another 
powerful feature is implemented in our system which is red light violation detection using 
IR sensors and License plate recognition. In our system license plate recognition is 
implemented using machine learning and image processing techniques, The main 
advantage of this license plate system over the other license plate recognition systems is 
that it takes into account different illumination conditions of the image and different 
angles and different distances from which the image was captured. 
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METHODOLOGY 
Traffic Light System 
System overview 

 This system is responsible for managing the traffic flow at a three-way intersection. 
To monitor the number of vehicles on each road, five IR sensors are placed on each of 
them. three RFID readers are also installed on each road, which use radio waves to detect 
and identify emergency vehicles by communicating with the RFID tags placed on them. 
Proper setup and assessment of the frequency spectrums used by RFIDs coexisting in the 
same environment are crucial to avoid interference that could disrupt the system's 
functionality. 

 
Figure 1: The system’s structure. 

System algorithm 
the algorithm operates by allocating two states, green and yellow, to each road, as 

well as a shared state in which all roads are red. Each state is illustrated in Table (1) Also, 
the system has three different states’ transition flow based on the traffic volume of each 
road and the emergency signals. The traffic system manages a three-way intersection. It 
always starts by turning on the yellow light for ROAD1 for 3 seconds, and while counting 
up to 3 seconds it checks for any emergency or road blockage signals. If not found it 
determines the green light duration for ROAD2 by continuously monitoring the active 
sensors count on ROAD2, which indicates the traffic density level. After the 3 seconds 
are done, the green light is turned on for ROAD2 and the system flow continues. Figure 
(2) shows the normal state transition without an emergency or road blockage signal. 
Figure (3) shows the state’s transition in case of an emergency signal on ROAD3. The 
road blockage signal is determined based on the count of active IR sensors on the two 
main roads from which the vehicles leave the intersection if the active sensors count on 
them is five this indicates that the road is blocked and to prevent the intersection blockage 
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the system goes to ALLRED state (where the red light is on for all roads) to make time 
for the blocked road to get less crowded. Figure (4) shows the state’s transition in case of 
a road blockage signal. Figure (5) shows ROAD2’s green state flow chart. Figure (6) 
shows the flow chart of ROAD1’s yellow state. Figure (7) views the    ALLRED state flow 
chart. We illustrated ROAD2’s green state and ROAD1’s yellow state flow charts only 
as the remaining roads’ green and yellow states are similar to them. Note that if the system 
goes to an unused state it returns to the initial state. 

 
 

 

 
Figure 2: The normal flow of the system's states. 

States Meaning 

R1G ROAD1’s green light is on. 

R1Y ROAD1’s yellow light is on. 

R2G ROAD2’s green light is on. 

R2Y ROAD2’s yellow light is on. 

R3G ROAD3’s green light is on. 

R3Y   ROAD3’s yellow light is on. 

ALLRED The traffic light is red for All roads. 

Table 1: The system states 
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Figure 3: The system's states flow with an emergency vehicle on ROAD3. 

 
 

 
Figure 4: The state transition with road blockage signal. 
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Figure 5:  Flow chart of ROAD2 green state. 
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Figure 6: Flow chart of ROAD1 yellow state. 
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Figure 7:  Flow chart of ALLRED state. 

Features proposed in the system 
Dynamic traffic signal duration: This smart traffic system operates in real-time and 

makes traffic signal scheduling choices based on traffic density. Assume that it is 
ROAD1’s turn to have the green light but ROAD1 is not crowded by vehicles at all at the 
same time ROAD2 is very crowded by vehicles, it is not a good idea to give a fixed 
duration for various traffic densities. This traffic system is capable of realizing this issue 
and gives time duration for ROAD1’s green signal based on the traffic density on that 
specific road, guaranteeing adequate administration of traffic, relying on the traffic 
density of each road. Figure (6) views ROAD1’s yellow state flow chart which contains 
an illustration for various time durations depending on traffic densities.  

Prioritizing emergency cars: Whenever an emergency car is spotted by the system 
it takes permission to pass immediately. Figure (3) views the case when an emergency 
car is spotted on ROAD3 and its state transition. while the green light is turned on for 
ROAD1. The traffic system turns on the red light for ROAD1 and the green light for 
ROAD3 allowing the emergency vehicle to pass after that the traffic system returns to 
ROAD1. 

 Preventing three-way intersection blockage: The system prevents intersection 
blockage that happens when one or both of the main roads from which vehicles exit the 
intersection are crowded with vehicles. If the system gives one of the roads the green light 
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the intersection blockage will happen even if the other roads are not crowded. Figure (4) 
shows the state transition when a road blockage signal is received. The system goes to an 
ALLRED state where red lights are turned on for all roads to provide extra time for the 
crowded roads to get less crowded. Figure (8) views the case when ROAD1_BACK and 
ROAD3_BACK are crowded with vehicles and the green light is given to ROAD2. 

 
   Figure 8: Three-way intersection blockage view. 

License Plate System 
  The proposed automatic license plate system consists of five parts: 

1. Detection of red-light violations and image acquisition. 
2. License plate localization. 
3. Image pre-processing. 
4. Extract the license number. 
5. License plate number recognition. 

Detection of red-light violation and image acquisition. 
     Passive infrared sensors are installed at a distance from each of the intersecting 

roads' entrance points at the intersection of a three-way road. These sensors are coordinated 
with the red-light traffic signal so that each road's sensors are enabled and disabled 
simultaneously. Any car that enters the junction while the light is red is picked up by the 
infrared sensor. The camera designated to that segment of the road is triggered upon 
detection of any violating vehicles and takes a photo of the offending car. The FPGA 
receives the vehicle image at that point. The camera was positioned so that it could take a 
picture of the front of a car that was breaking the law, including the license plate. Each 
camera is placed at a distance after the entrance point of the intersection facing the road 
assigned to it. 
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License plate localization 
     A machine learning algorithm is implemented to determine the license plate 

region in the image. aggregate channel features (ACF) object detector from the MATLAB 
computer vision toolbox was trained to detect license plates. 

Aggregate channel features object detector from the MATLAB toolbox uses the 
boosting algorithm to create an ensemble of weaker learners. In the boosting algorithm, 
you can use higher values to improve the detection accuracy, at the expense of reduced 
detection performance speeds. Recommended values range from 300 to 5000. The 
boosting algorithm is a type of Ensemble learning method. Ensemble learning means 
instead of building a single model for prediction. We will build multiple machine learning 
models these models are called weak learners. A combination of all weak learners makes 
the strong learner. To build multiple models we will split the available training data into 
smaller datasets these datasets are used for building multiple weak learns. The 
combination of all weak learners makes a strong learner or strong model. To build a 
stronger learner the boosting method is used, all the individual models are 
built sequentially. Which means the outcome of the first model passes to the next model 
etc.  

The ACF license plate detector was trained on a custom-made dataset of Libyan 
license plates. The detector detects license plates from various angles and distances and 
also can detect skewed license plates. The license plate detector is trained on 3069 images 
and tested on 746 images of cars with license plates from different angles and distances. 
The data set was collected from streets with different illumination conditions and was 
labeled manually. The machine learning approach is used for localizing the license plate 
because it gives us the best results that image processing techniques cannot give us in 
many conditions such as differences in, illumination, distances, and angles of the captured 
image. The evaluation of the license plate detector on the test data produces an average 
precision of 0.9. 

 

 
Figure 9: The detected license plate. 
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Image pre-processing 
    After the license plate region is determined the license region goes through image 

processing steps to prepare it for digit extraction and recognition. 
Image processing: is a method to perform some operations on an image, in order to 

enhance the image or to extract some useful information from it. In this algorithm to 
prepare the license plate image for number extraction and recognition we used built-in 
functions from the MATLAB image processing toolbox. We used image processing 
functions to crop the license plate and convert it into a binary image, resize it, remove 
small objects from the binary image, and label connected components in the 2-D binary 
image, etc. 

1. Extract the license plate region. 
The license plate localizing using machine learning results in a rectangular 
bounding box that describes the spatial location of an object the (x,y)-axis 
coordinates of the bounding box, and the width and height of the box. Then 
the license plate region is cropped using the Matlab function “imcrop”, 
which takes the car image and the bounding box as parameters and returns 
the cropped license plate image as shown in Figure (10). 

 
Figure 10: The cropped license plate. 

2. Convert the license plate to a binary image. 
we used the Matlab built−in function “imbinarize” to convert the 
RGB image of the license plate into a binary image as shown in Figure 
(11). This step is needed to prepare the license plate’s number for 
segmentation. 

 
Figure 11:  Binary image of license plate. 

3. Skew Detection and Correction.  
Skewed license plates cause errors in recognizing license numbers, 

therefore, correcting skewed license plates is extremely important. Hough 
transformation is used in this process. Hough transform is essentially a feature 
extraction approach that is used to identify lines and locate arbitrary shapes in a 
given image. The following steps describe the skew detection and correction 
process: 

a) Convert the image to grayscale. 
b)  Apple Canny or Sobel filter. 
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c)  Find Hough lines between 0.1 to 180-degree angle. 
d) Round the angles from line peaks to 2 decimal places. 
e) Find the angle with the highest occurrence. 
f) Rotate the image with that angle. 

   Figure (12) shows the result of the skew correction. 
 

 
Figure 12: Skew corrected license plate. 

4. Remove the black border. 
The black border could cause errors in extracting the license's number; 

therefore, the black border is removed as follows: 
a) Perform two-dimensional median filtering on license plate image. 
b) Perform hole Filling. 
c) NOT (XOR(result of median      filtering, result of hole filling)). 

         Figure (13) shows the resulting image after removing the black border.  

 
Figure 13: License image after removing black border. 

5. Invert the image color. 
Inverting license plate color is important because the numbers and characters 
need to be white to get extracted using the connected-component labeling. 
Figure (14) shows the license plate image after inverting its color. 
 

 
Figure 14:  Inverted license plate image color. 

 
6. Remove small objects. 

The license plate is resized to a fixed size, which in our case [136 × 513], and 
then the objects with a size less than 400 pixels, that cannot be digits or the 

word  ""لیبیا , are removed. Figure (15) shows the license plate image after 
removing small objects. 

 
Figure 15: License plate image after removing small objects. 
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Extract the license number. 

 The extraction of a license plate number is done via connected-component labeling. 
The connected component labeling begins extracting objects from an image from top to 
bottom and left to right. The connected-component extracting method is appropriate given 
that Libyan license plates are rectangular in shape and include all of their numbers in a 
single line. Figure (16) shows the license plate’s numbers after being segmented. 

 
Figure 16: Extracted license number 

License plate recognition 
 After extracting the license plate number, the digits, and words are classified using 

Image category classification by generating a histogram of visual word occurrences that 
represent the images. This histogram called a bag of visual words or bag of features, is 
used to train an image category classifier. The classifier is trained with a custom-made 
dataset of digits and the word "لیبیا" Libya. Five hundred and fifty images are used in total 
to train and evaluate the classifier. The dataset is divided into 323 images for training and 
137 images for evaluating the classifier. The evaluation set produces an average accuracy 
of 0.966. 

 
Figure 17: Result of license plate recognition. 

 
RESULTS and DISCUSSIONS 

We obtained a timing diagram for the system using ModelSim-Intel-ALTER as a 
means of verifying its functionality. The traffic signals for the three roadways are 
represented by R1light, R2light, and R3light in the timing diagram, where 100, 010, and 
001 indicate green, yellow, and red, respectively. The IR sensors for ROAD1, ROAD2, 
ROAD3, ROAD1_BACK, and ROAD3_BACK are represented by the inputs IS1, IS2, 
IS3, IS1_BACK, and IS3_BACK, with numbers ranging from 00000 to 11111 
representing the various traffic volumes on every road. EM input represents the passing 
emergency vehicle on a particular road, for simulation purposes The EM input values are 
0xx,100,101, and 110, which sequentially indicate no emergency cars, emergency car on 
ROAD1, emergency car on ROAD2, and emergency car on ROAD3. State register 
represents the current state of the traffic system; the delayR1G, delayR2G, and delayR3G, 
represent the time assigned to ROAD1, ROAD2, and ROAD3 for the green signal, 
delayRY represents the time for all roads for the yellow traffic signal. The different green 
light period values are 60, 48, 36, 24, 12, and 1 sec. these values depend on the active IR 
sensors. Figure (18) views various traffic light times based on the various traffic densities 
on each road, based on the number of active sensors on each road the green light period 
is decided. Here in the timing diagram, you can see the IS2 (the infrared sensors on 
ROAD2) value is “10111” The number of active sensors is four based on that the green 
signal period for ROAD2 is decided to be 36 sec. also, you can see the IS3 (the infrared 
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sensors on ROAD3) value is “00110” The number of active sensors is two Based on that 
the green signal period for ROAD3 is decided to be 24 sec. Figure (19) views a case when 
the ROAD1_BACK value is ”11111” which indicates a very crowded road if we grant a 
green light to any road that will cause the problem referred to in Figure (8) This issue is 
solved by turning the red lights for all roads to enable the road to become less crowded. 
you can see in the timing diagram the traffic system enters an all-red state (ALR) until 
the ROAD1_BACK value becomes ”01110” which indicates that the road became less 
crowded. Figure (20) views an emergency car on ROAD3 (EM value is ”110”) while the 
yellow light on ROAD1 is on. The traffic system gives priority to ROAD3 to enable the 
emergency car to pass after the emergency is gone (EM is “000”), the system returns to 
the previous state when ROAD1’s yellow light is on, and continues on the normal state 
transitions. Figure (21) shows the system implementation on FPGA. 

 

 
       Figure 18:  The timing diagram for the real-time density-based traffic system. 
 

 
Figure 19:  The timing diagram for the real-time density-based traffic system 

 with road blockage signal. 
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Figure 20:  The timing diagram for the real-time density-based traffic system  
            with an emergency car on ROAD3. 

 

 
Figure 21: The traffic system on FPGA. 

 The Libyan license plate recognition system is implemented using MATLAB. The 
license plate localization step was implemented using an ACF license plate detector, the 
detector was trained on 3069 images and tested on 746 images of license plates under 
different illuminations, distances, and tilted license plates. The evaluation of the license 
plate detector on the test data produces an average precision of 0.9 as shown in Figure 
(22). The license plate number Extraction step worked correctly on 70 test images due to 
the pre-processing step which helped a lot in improving the extracting step. In the license 
plate number recognition step, the classifier was trained on a custom dataset of digits and 
the word "لیبیا" Libya. 550 images were used in total to train and evaluate the classifier. 
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The dataset was divided into 323 images for training and 137 images for evaluating the 
classifier. The evaluation produces an average accuracy of 0.966. 

 
Figure 22: Evaluation of license plate detector. 

COMPARATIVE ANALYSIS 
This system is a design of a complete traffic system for managing and monitoring 

traffic on the FPGA board. In the part of license plate recognition, we aimed to use 
machine learning instead of digital image processing to localize the license plate region 
which resulted in a more accurate detection of the license plate region. Table (2) shows a 
comparison of the license plate localization step between our proposed system which uses 
machine learning and the license plate recognition system for Egyptian cars which uses 
image processing techniques. 

 
Table 2: License plate localization precision. 

Method No.  of Images No. of Successful 
Prediction 

precision 

Proposed  746 671 90% 
[9] 221 173 78% 

 

CONCLUSION 
    The primary contribution of this paper is the development, simulation, and 

deployment of a real-time traffic light system based on density and a recognition system 
for Libyan license plates. The traffic system is designed to alleviate congestion and 
minimize traffic flow at intersections. Based on the volume of traffic, the system can 
make decisions in real-time and select the best traffic signal time period for each road. 
The system's key benefits are its ability to prioritize emergency vehicles and make wise 
decisions to avoid blocking intersections. Following the testing of the traffic light system 
module, the design underwent simulation and validation with software utilities provided 
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by Intel-Altera. The system was then developed and tested using the Cyclone IV GX: 
EP4CGX150DF31C8 FPGA board to ensure that it worked as intended in hardware. The 
system for recognizing license plates in Libya is used to track traffic violations using 
machine learning and image processing methods. The license plate software is 
programmed and tested using MATLAB software tool. 
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