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ABSTRACT 

The purpose of the IoT based traffic light monitoring and controlling system is to improve the traffic 

management of the city by collecting data and controlling the system intelligently. The increasing use of 

Internet of Things (IoT) Extension, installs a Traffic condition monitoring and Traffic light controlling 

system. A combination of machines at major corner intersections where vehicles, traffic congestion and 

pedestrian movement takes place at these intersections. Such data is sent to a center for monitoring and 

diminished algorithms are executed to determine the mode of t he traffic for the particular period and the 

traffic lights adjusted. The system is designed to control road traffic and especially reduce traffic by 

managing the current traffic conditions efficiently. Integrating IoT with Traffic management, this project 

presents an innovative approach to tackle the problems traffic management within the city thus 

facilitating short and faster movement of people in the cities and optimal usage of the road network. 
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1. INTRODUCTION 

In modern urban areas, traffic congestion is a growing challenge, leading to increased travel times, fuel 

consumption, and air pollution. Conventional traffic light systems operate on fixed time intervals, which 

may not efficiently manage varying traffic densities. A smart Traffic Light Monitoring System using 

ESP32, ESP32-CAM, and ThingSpeak Cloud can optimize traffic flow by providing real-time 

monitoring, data analysis, and adaptive control. 

This system leverages IoT (Internet of Things) technology to monitor traffic conditions dynamically. 

The ESP32-CAM captures real-time images or video feeds at a traffic junction, while the ESP32 

microcontroller processes and transmits traffic density data to ThingSpeak Cloud for visualization and 

analysis. This cloud-based approach enables remote monitoring, historical data tracking, and predictive 

traffic management. 

The With the real-time data city authorities can make informed decisions to enhance traffic efficiency 

reduce congestion, and improve road safety. The system can also integrate with emergency vehicle 

prioritization, smart traffic signal automation, and adaptive traffic management strategies 
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2. LITERATURE REVIEW 

Throughout the development of our project, we were able to review some projects, Journals, Articles and 

books which are related to the title of our project. We believe that all the reviewed materials have been a 

good asset for the overall design and development of the project we have chosen. In this section some of 

the related projects we have reviewed are discussed. 

2.1 Traffic Monitoring System Using ESP32-CAM and ThingSpeak 

Traffic congestion is a growing problem in urban areas, leading to longer travel times, increased fuel 

consumption, and higher emissions. Traditional traffic light systems operate on fixed timing, which often 

leads to inefficient traffic flow. 

To address this issue, this project implements an intelligent traffic monitoring system using ESP32- 

CAM and ThingSpeak for real-time traffic density analysis. 

2.2 Project Overview 

This system monitors vehicle density at a four-way junction using four ESP32-CAMs. The captured 

video streams are analyzed to determine traffic density on each road. Based on the vehicle count, the 

system dynamically adjusts traffic signal timings to optimize flow and reduce congestion. 

Early traffic management systems were manually controlled or used preset timings for traffic lights. 

These systems did not adjust to real-time traffic conditions and often resulted in inefficient traffic flow. 

According to a study by [Author, Year], traditional systems typically waste time at intersections with 

low traffic density, leading to unnecessary delays. 

 

3. EXISTING METHOD 

In the existing traffic light monitoring systems, the approach to traffic management is largely based on 

predefined time intervals and lacks real-time adaptability. Most conventional systems rely on fixed- 

duration traffic signals, which do not take into account the real-time vehicular density or traffic flow 

variations. As a result, traffic congestion, unnecessary delays, and inefficient use of green signal time are 

common issues. These systems often fail to adapt to dynamic urban traffic conditions, especially during 

peak hours, emergencies, or road blockages. 

Additionally, manual monitoring and control still play a significant role in many regions, where traffic 

personnel are responsible for managing and controlling signal flow. This introduces the possibility of 

human error and delays in decision-making, especially in high- traffic areas. The absence of real-time 

data collection and analysis mechanisms further limits the scope of intelligent decision-making and 

automation. 

Traditional systems also lack mechanisms for remote monitoring and control, making it difficult for 

traffic control centers to intervene promptly when irregularities or emergencies occur. Furthermore, these 

systems are not integrated with modern IoT technologies or AI-based data processing techniques, which 

limits their potential to optimize traffic flow, enhance public safety, and support smart city infrastructure. 

3.1 Static Timing Mechanism 

Most traffic signals operate on a pre-programmed timer that doesn’t consider real-time traffic conditions. 

This can lead to unnecessary delays when one side of the intersection is clear while others are congested. 

3.2 Absence of Real-Time Monitoring 

There is typically no mechanism to monitor traffic flow in real-time, making it impossible to dynamically 

adjust signal timing based on actual conditions. 

3.3 Manual Control Limitations 
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In several places, traffic signals are manually overridden or controlled by traffic personnel, which is 

prone to human error, inefficiencies, and inconsistency in operations. 

3.4 No Integration with IoT 

Traditional systems are not connected to IoT platforms, limiting their ability to communicate with other 

smart infrastructure components or to send alerts in real-time 

3.5 Limited Scalability and Adaptability 

Existing traffic management systems are often rigid and not scalable to accommodate the growing 

number of vehicles or the need for more intelligent city planning solutions. 

 

4. PROPOSED SOLUTION 

The proposed IoT-based Traffic Light Monitoring and Controlling System aims to improve traffic flow 

by using real-time image processing and automation. Instead of relying on fixed timers, the system uses 

the ESP32-CAM module to capture live images of traffic at intersections. These images are processed 

using Python with OpenCV to detect vehicle density in each lane. Based on the number of vehicles, the 

system dynamically allocates green signal time, giving priority to heavily congested lanes and reducing 

unnecessary waiting times. This intelligent control helps optimize traffic flow and reduce congestion, 

especially during peak hours. 

A microcontroller handles the entire process, allowing automatic control of the signals without human 

intervention. The setup is low-cost, scalable, and easy to implement, making it ideal for smart city 

applications. It also has the potential for expansion, such as integrating cloud services for remote 

monitoring and data storage or enhancing features to detect emergency vehicles and traffic rule 

violations. Overall, the proposed solution increases efficiency, minimizes delays, and promotes a more 

sustainable and intelligent traffic management system. 

 
Fig.4.1.1: Block Diagram 

 

5. HARDWARE COMPONENTS 

5.1 TP4056 Lithium-Ion Battery Charging Module 

 
This The TP4056 is a widely used lithium-ion battery charging module designed to charge single-cell 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR Volume 7, Issue 3, May-June 2025 823 

 

Li- Ion or Li-Po batteries efficiently. It operates with a constant current-constant voltage (CC-CV) 

charging method, ensuring safe and optimized charging. The module typically operates with an input 

voltage of 4.5V to 5.5V, making it compatible with Cable. 

5.2 ESP32-CAM 

 
The ESP32-CAM is a powerful Wi-Fi-enabled microcontroller with a built-in OV2640 camera module, 

making it ideal for IoT, image processing, and surveillance applications. It is based on the ESP32-S 

module, featuring a dual-core processor, integrated Wi- Fi and Bluetooth, and support for external 

microSD card storage 

5.3 ESP32-CAM Programmer Board 

 
An ESP32-CAM Programmer Board is a development board that provides a convenient way to 

program and power an ESP32-CAM module. The ESP32-CAM module is a low-cost microcontroller 

with built-in Wi-Fi, Bluetooth, and a camera interface. It is often used in IoT (Internet of Things) 

applications, home automation systems, surveillance cameras, and other projects that require image or 

video capture along with connectivity. 

5.4 ESP32-WROOM 

https://www.ijfmr.com/
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The ESP32-WROOM is a powerful Wi-Fi and Bluetooth- enabled microcontroller designed for IoT, 

automation, and smart systems. It features a dual-core Tensilica LX6 processor, operating at up to 

240 MHz, with 520 KB SRAM and 4MB Flash memory, making it ideal for real-time applications. 

5.5 ESP32-WROOM-32 

 
The ESP-WROOM-32 is a powerful Wi-Fi and Bluetooth- enabled microcontroller module based on 

the ESP32 SoC. It features dual-core processing, rich peripheral support, and low-power operation, 

making it ideal for IoT applications. It supports GPIO, ADC, DAC, SPI, I2C, UART, and more. Its 

compact size and wireless capabilities make it suitable for real-time data processing and remote 

communication. 

5.6 Traffic Light Module 

 
The traffic light module is an electronic component that simulates real-world traffic signals using LEDs 

(Red, Yellow, Green). 

It is used to control traffic flow at intersections in a logical sequence. In this project, it receives input 

from the ESP32-CAM and Python-based processing system to adjust signal timing dynamically. The 

module plays a key role in implementing adaptive traffic control 
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5.7 Lithium-ion (Li-ion) batteries 

 
Lithium-ion (Li-ion) batteries are rechargeable energy storage devices widely used in electronics and 

electric vehicles due to their high energy density and long cycle life. They consist of a lithium-based 

cathode, a graphite anode, and a liquid electrolyte. Li-ion batteries offer lightweight, compact power 

solutions with fast charging capabilities. However, they require careful management to prevent 

overheating or overcharging. 

5.8 Switches 

 
Switches are electrical components used to open or close circuits, controlling the flow of current. 

Common types include toggle and push-button switches, each serving different control needs. They play 

a crucial role in activating or deactivating devices within electronic systems. 

5.9 Toggle Switch 

 
A toggle switch is an electrical switch that opens or closes a circuit by moving a lever back and forth. It 

is commonly used to switch devices on or off manually. Toggle switches are simple, reliable, and come 

in various types like SPST, SPDT, etc., for different circuit configurations. 

 

5.10 Push Button Switch 
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A push-button switch is a simple input device used to control electronic circuits manually. When 

pressed, it completes an electrical circuit, allowing current to flow. It returns to its original position when 

released, making it momentary in nature. Commonly used for user input in embedded and IoT 

 

6. SOFTWARE 

6.1 Installation of ARDUINO 

Step-1: Download And Extract Arduino IDE Software. 

Step-2: Launch Arduino IDE, Open the Arduino IDE from the desktop icon click next to install then 

click on icon to open the software. 

6.2 ARDUINO Code Dumping Step-1: Open your first project. 

Step-2: Select your Arduino board then, Go to Tools > Arduino nano Boards > Boards Manager. 

Step-3: Select your Arduino board Processor then, Go to Tools > Processor > ATmega328P. 

Step-4: Edit Code on Editor Window then, Click on File tab and then open preferences. 

Step-5: Compile code. 

Step-6: Upload Code into Arduino Board. 
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7. ADVANTAGES 

7.1 Real-Time Traffic Monitoring 

The system continuously monitors traffic density in real-time using ESP32-CAMs and sensors at 

different junctionsdata is processed and sent to ThingSpeak cloud, enabling authorities to access up to-

date traffic conditions. 

7.2 Dynamic Traffic Light Control 

The system automatically adjusts traffic light timings based on the density of vehicles detected at each 

intersection. This prevents unnecessary waiting times at empty roads while prioritizing heavily 

congested routes, leading to improved traffic flow. 

7.3 Reduced Traffic Congestion 

By optimizing signal timings based on real-time data, the system minimizes congestion at peak hours. 

Reducing idle time at signals decreases fuel consumption and pollution, making urban transportation 

more sustainable. 

7.4 Cost-Effective Solution 

The use of ESP32-CAM, sensors, and cloud-based platforms like ThingSpeak makes the system cost- 

effective compared to traditional traffic monitoring solutions. 

 

8. APPLICATIONS 

The Traffic Monitoring System using ESP32 and ThingSpeak has a wide range of applications in smart 

cities, transportation management, and road safety enhancement. 

8.1 Smart Traffic Signal Control 

The system can be deployed at traffic intersections to dynamically adjust traffic light timings based on 

real- time vehicle density. Reduces unnecessary waiting times and improves road efficiency 

8.2 Real-Time Traffic Congestion Monitoring 

The project enables live tracking of vehicle density using ESP32-CAMs and sensors. Traffic authorities 

can access data remotely via ThingSpeak cloud to make informed decisions about road conditions. 

8.3 Emergency Vehicle Management 

The system can be integrated with ambulances, fire trucks, and police vehicles to prioritize their 

movement . Smart signals can automatically switch to green when an emergency vehicle is detected, 

reducing response time. 

 

9. EXPERIMENTAL RESULTS 

The proposed IoT-based traffic monitoring system using ESP32-CAM and Python with OpenCV 

effectively detects vehicle density and dynamically controls traffic signals. It significantly reduces 

vehicle waiting time compared to fixed-timer systems. Real-time monitoring enhances adaptability and 

efficiency. The setup is low- cost,scalable, and suitable for smart city applications. 

 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR Volume 7, Issue 3, May-June 2025 828 

 

 
 

 
 

 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR Volume 7, Issue 3, May-June 2025 829 

 

10. FUTURE SCOPE 

The Traffic Monitoring System using ESP32 and ThingSpeak has significant potential for future 

advancements. As cities grow and traffic congestion becomes a major concern, integrating new 

technologies such as AI, machine learning, and advanced IoT solutions can enhance the efficiency and 

scalability of this system. Below are some key areas for future improvements and expansions. 

AI-Based Traffic Prediction and Management 

Implementing Artificial Intelligence (AI) and Machine Learning (ML) can help predict traffic patterns 

based on historical data. Implementing Artificial Intelligence (AI) and Machine Learning (ML) can help 

predict traffic patterns based on historical data. 

Automatic Number Plate Recognition (ANPR) for Traffic Violations 

Integrating AI-powered ANPR cameras with ESP32-CAM can help in automatic vehicle identification 

and traffic rule enforcement. The system can detect violations such as red-light jumping, over-speeding, 

and wrong lane driving, sending automated reports to authorities. 

Integration with Smart Vehicles (V2I Communication) 

Future enhancements can enable Vehicle-to- Infrastructure (V2I) communication, where smart vehicles 

can interact with the traffic monitoring system.The system can send real-time traffic updates to 

connected cars for optimized route selection 

Cloud-Based Big Data Analytics 

The system can be expanded with big data analytics to process massive amounts of traffic data from 

multiple locations. 

 

11. CONCLUSION 

The Traffic Monitoring System using ESP32 and ThingSpeak provides an efficient and smart solution for 

managing urban traffic congestion using IoT-based technology. By utilizing ESP32-CAMs, sensors, and 

cloud-based data processing, the system enables real- time traffic monitoring, dynamic signal control, 

and remote access for traffic authorities. This approach not only improves traffic flow efficiency but also 

minimizes fuel wastage, pollution, and unnecessary delays at intersections. Through automated traffic 

light adjustments, the system ensures that high-traffic areas receive priority while roads with lower 

vehicle density experience optimized signal timing. This adaptive traffic control mechanism helps in 

reducing congestion, improving emergency vehicle response times, and enhancing overall road safety. 

The integration with ThingSpeak cloud allows for remote monitoring and data analysis, making it easier 

for authorities to make data driven decisions regarding urban traffic planning and management. Looking 

ahead, the project has tremendous potential for future enhancements, including AIbased traffic 

prediction, vehicle- to-infrastructure (V2I) communication, automatic number plate recognition (ANPR), 

and integration with smart city infrastructure. 
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