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Abstract – The project, titled “Smart Traffic Signaling using Machine Learning and IoT," introduces an innovative solution 

for optimizing traffic signal control. By harnessing the power of image processing, IoT, and machine learning, this project will 

be a real-time system that accurately assesses vehicle density at intersections. The project focuses on training a machine learning 

model to recognize various vehicle types, including bikes, cars, trucks, and heavy vehicles. This adaptive control mechanism 

aims to enhance traffic flow efficiency, reduce congestion, and contribute to the advancement of intelligent transportation 

systems. systems. 
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1. INTRODUCTION 

 

Smart Traffic Signaling combines Machine Learning (ML) and Internet of Things (IoT) to modernize urban traffic management. 

Traditional systems struggle with fixed cycles, failing to adapt to dynamic traffic. This project introduces intelligent signaling, 

adjusting cycles based on real-time conditions. IoT connects physical devices to exchange data, impacting sectors like healthcare 

and smart cities. ML enables computers to learn from data, finding use in image recognition and autonomous vehicles. Image 

processing manipulates digital images for analysis and enhancement, crucial in fields like medical imaging. Convolutional 

Neural Networks (CNNs) excel at image tasks, while YOLO efficiently detects objects in real-time. This project addresses 

congestion and inefficiency by dynamically adjusting signals, reducing fuel consumption and emissions. By leveraging real-

time traffic data, it aims to create a responsive and sustainable urban mobility solution, ensuring safer and more efficient 

transportation. This overview sets the stage for a detailed exploration of objectives, methodology, and anticipated impact. 

 

2. RELATED WORKS 

 
            Several studies have explored the integration of Machine Learning (ML) and the Internet of Things (IoT) in smart traffic 

signaling to enhance urban traffic management. Wei Wei, Yu Zhang, and Yongquan Chen developed an adaptive traffic signal 

control system using reinforcement learning, demonstrating significant reductions in congestion through real-time optimization. 

Santhosh Kumar S, Prabu R, and Karthikeyan P proposed an IoT-based framework that leverages various sensors and 

communication technologies to dynamically adjust signal timings, resulting in improved traffic efficiency. Another notable work 

by Roopak T M and Dr. R Sumathi utilizes blockchain technology and IoT to create a secure electronic voting system, 

showcasing the potential of these technologies in ensuring data integrity and security. These studies collectively highlight the 

potential of combining ML and IoT to create intelligent, responsive traffic systems that improve urban mobility and reduce 

environmental impact. 
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3. METHODOLOGY 
 

• Recognize the inefficiencies in traditional traffic signal systems, particularly their inability to adapt to varying vehicle 

 types and traffic conditions. 

• Monitor urban intersections to understand traffic patterns, congestion points, and the diverse characteristics of bikes, 

 cars, trucks, and heavy vehicles. 

• Choose image processing, IoT, and machine learning as the core technologies to address the identified problems. 

These technologies were selected for their potential to provide real-time data analysis and dynamic decision-making capabilities. 

• Develop and train a machine learning model capable of recognizing different vehicle types. Use a convolutional neural 

network (CNN) to accurately classify bikes, cars, trucks, and heavy vehicles based on image data. 

• Implement IoT devices at intersections to collect real-time traffic data. Sensors and cameras are used to feed data into 

the machine learning model. 

• Create algorithms to dynamically adjust traffic signal durations based on real-time data. These algorithms consider 

vehicle density, type, and ignition time to optimize traffic flow. 

• Test the integrated system in a controlled environment to ensure accuracy and reliability. Validate the system's 

performance in various traffic scenarios to fine-tune the algorithms. 

• Deploy the system at selected urban intersections. Continuously monitor its performance and make necessary 

adjustments to improve efficiency. 

• Assess the impact of the smart traffic signaling system on traffic flow, congestion reduction, fuel consumption, and 

emissions. Use collected data to quantify improvements. 

 

 
4. PROPOSED SYTEM 

 

The project aims to optimize traffic flow using IoT and machine learning by leveraging data from camera feeds to monitor traffic 

density and vehicle movement. Initially, the system sets up input and output ports for data exchange, including LEDs and LCDs 

for real-time feedback. Traffic data is captured and transmitted to an Arduino microcontroller, which connects with Python code 

for processing. YOLO and Convolutional Neural Networks (CNN) are employed in Python to detect and count vehicles in real-

time. The system analyzes this data to determine traffic density, informing traffic signals to adjust timings and sequences to 

optimize flow. A lookback mechanism reviews historical data to continuously improve traffic management. This comprehensive 

approach aims to reduce urban congestion and enhance road safety by integrating modern IoT sensors and machine learning 

algorithms. 
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Fig 4.1 System Architecture 

 
The above figure shows the system architecture for the smart traffic using Arduino UNO board device. 

 

 

5.  TECHNOLOGY USED 

 
Arduino is open-source Arduino Software (IDE) makes it easier to write code and upload it to the board. It is also used to build 

low-cost scientific instruments to prove the principles of IOT with programming. The workflow details a project employing 

IoT and machine learning to optimize traffic flow by monitoring data from a camera feed. Initially, input and output ports are 

declared, enabling data exchange with external devices. Output mechanisms like LEDs and LCDs provide real-time feedback. 

Data from the environment, particularly traffic conditions, is transmitted to an Arduino microcontroller, then to Python for 

processing. Sophisticated image processing techniques, including YOLO and CNN, detect and count vehicles within camera 

frames. This information is crucial for analyzing traffic density and flow, informing subsequent decision-making. Additionally, 

a signal counter updates traffic lights in real-time, adjusting timing to optimize flow and reduce congestion. A "lookback" 

mechanism reviews historical data for continuous system improvement. This workflow demonstrates a comprehensive approach, 

integrating IoT sensors and machine learning to manage traffic flow and enhance road safety. By leveraging modern 

technologies, the project aims to alleviate urban congestion and enhance transportation network efficiency.  
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6. OUTPUT 
 

 

Fig 6.1: Front view 

Fig 6.1 Shows the front view of the Smart Traffic Signaling model, including signal lights.  

 

 

 

Fig 6.2: Top view 
 

 Fig 6.2 Displays a top-down perspective of the model’s layout. 
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           Fig 6.3: Timer setup 

 

Fig 6.3 Captures the system’s timer setup for synchronizing signals. 

 

 
  

                
  
Fig 6.4: Vehicle detection 

 

Fig 6.4 Illustrates the vehicle detection process within video input. 
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Fig 6.5: Vehicle count 

Fig 6.5 Displays the generated vehicle count per lane. 

 

 

Fig 6.6: Countdown timer 

Fig 6.6 Shows the countdown timer for signal changes based on real-time data. 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                      Volume: 08 Issue: 05 | May - 2024                         SJIF Rating: 8.448                                    ISSN: 2582-3930   

 

© 2024, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM34607                 |        Page 7 

 

 

Year Time Lane1 Lane1_time Lane2 Lane2_time Lane3 Lane3_time Lane4 Lane4_time 

2020 1 10 45 18 45 8 45 19 45 

2020 2 10 45 29 45 12 45 22 45 

2020 3 19 45 22 45 8 45 16 45 

2020 4 15 45 23 45 14 45 16 45 

2020 5 15 45 25 45 9 45 22 45 

2021 1 17 45 27 45 7 45 24 45 

2021 2 15 45 25 45 9 45 24 45 

2021 3 14 45 22 45 11 45 20 45 

2021 4 12 45 26 45 14 45 14 45 

2021 5 17 45 19 45 10 45 22 45 

2022 1 12 45 27 45 8 45 14 45 

2022 2 14 45 23 45 13 45 20 45 

2022 3 11 45 20 45 14 45 18 45 

2022 4 11 45 19 45 11 45 24 45 

2022 5 19 45 26 45 12 45 17 45 

2023 1 13 14 20 14 10 2 20 11 

2023 2 10 4 29 14 9 2 19 13 

2023 3 11 10 20 10 13 10 15 11 

2023 4 12 11 19 11 13 12 18 13 

2023 5 19 12 27 10 9 4 16 12 

2024 1 17 11 25 11 10 3 24 11 

2024 2 16 10 29 12 14 11 15 13 

2024 3 19 10 28 14 11 10 20 12 

2024 4 15 11 28 11 13 10 21 14 

2024 5 17 12 27 14 9 4 16 10 

 

Table 6.1: Traffic flow Data 

Table 6.1 The data table depicts the traffic flow data over several years (2020-2024) across four lanes,  

showing vehicle counts and the green time allocated to each lane. 

 

 

Fig 6.7: Traffic flow efficiency before project (2020-2022) 

Fig 6.7 Shows the efficiency of the traditional traffic system where green time allocation was fixed. 
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Fig 6.8: Traffic flow efficiency after project (2023-2024) 

Fig 6.8 Shows the efficiency of the traffic flow after the implementation of traffic system   

 

 

 
 
Fig 6.9: Traffic Flow Efficiency Comparison 

 

Fig 6.9 The plot illustrates the average traffic flow efficiency in vehicles per second for each lane 

(Lane 1 to Lane 4) before and after the implementation of a traffic system optimization project. 
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7. CONCLUSION 

In conclusion our research on traffic signal monitoring delved into image processing, IoT, and machine learning literature, 

focusing on real-time data collection to assess vehicle density at intersections. We aimed to develop a robust system capable of 

accurately classifying vehicles and allocating green signal durations based on their traffic density. Through implementation and 

refinement, we aim to minimize congestion and enhance safety, contributing to the advancement of intelligent transportation 

systems and improving traffic flow efficiency. 

8. FUTURE SCOPE 

 
        Our project on traffic signal monitoring has extensively researched contemporary literature on image processing, IoT, and 

machine learning. We aim to develop a robust system for real-time data collection to assess vehicle density at intersections. 

Utilizing machine learning, our focus is on training a model for accurate vehicle classification, distinguishing between various 

types. We aim to advance further, by developing a signal control system that allocates green signal durations based on vehicle 

size and ignition time, optimizing traffic flow, implementing and refining these techniques to create a comprehensive solution 

that minimizes congestion and contributes to the evolution of intelligent transportation systems. Success metrics include 

improved traffic flow efficiency, reduced congestion, and enhanced safety at intersections. We aim to train the model 

dynamically adjusts signal durations based on vehicle type, allocating shorter green signal durations for smaller vehicles and 

longer durations for heavier ones. 
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