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ABSTRACT 

 

 

The management of traffic during partial road closures is a significant challenge, particularly 

in rural areas with limited infrastructure. The Portable Wireless Traffic Control System for 

Partial Road Closures aims to address this issue by developing an offline, portable system that 

enables traffic wardens to efficiently manage traffic signals through real-time synchronization 

and manual overrides. The system employs a Master-Slave architecture, where two ESP32 

microcontrollers communicate wirelessly to control two traffic signals, ensuring seamless 

operation during road closures. The system also includes a mobile application that allows 

traffic wardens to monitor traffic signal statuses, adjust countdown timers, and override signal 

sequences. This project follows an iterative development approach, utilizing Agile 

methodology to incorporate continuous feedback and refine the system according to user needs. 

The system is designed to be portable, robust, and easy to use, even in areas with no internet 

connectivity. Through an interview and surveys with traffic wardens and road users, the project 

identified key features required for an effective traffic control system. The results emphasize 

the importance of real-time adaptability, manual control, and synchronization between traffic 

signals, all of which are addressed in the Portable Wireless Traffic Control System. The 

findings highlight the system's potential to improve traffic flow, reduce accidents, and provide 

better control during temporary road closures. 
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ABSTRAK 

 

Pengurusan lalu lintas semasa penutupan jalan sementara adalah cabaran yang signifikan, 

terutamanya di kawasan luar bandar yang mempunyai infrastruktur terhad. Sistem Kawalan 

Lalu Lintas Tanpa Wayar Mudah Alih untuk Penutupan Jalan Sementara bertujuan untuk 

menangani isu ini dengan membangunkan sistem luar talian dan mudah alih yang 

membolehkan pengawal trafik menguruskan isyarat trafik dengan cekap melalui penyelarasan 

masa nyata dan kawalan manual. Sistem ini menggunakan seni bina Master-Slave, di mana 

dua mikrodenyar ESP32 berkomunikasi tanpa wayar untuk mengawal dua isyarat trafik, 

memastikan operasi yang lancar semasa penutupan jalan. Sistem ini juga merangkumi aplikasi 

mudah alih yang membolehkan pengawal trafik memantau status isyarat trafik, melaraskan 

pemasa undur, dan menggantikan urutan isyarat. Projek ini mengikut pendekatan 

pembangunan berulang, menggunakan metodologi Agile untuk mengambil kira maklum balas 

berterusan dan memperhalusi sistem mengikut keperluan pengguna. Sistem ini direka untuk 

menjadi mudah alih, kukuh, dan mudah digunakan, walaupun di kawasan yang tidak 

mempunyai sambungan internet. Melalui temubual dan tinjauan bersama pengawal trafik dan 

pengguna jalan raya, projek ini telah mengenal pasti ciri-ciri utama yang diperlukan untuk 

sistem kawalan trafik yang berkesan. Hasil kajian menekankan kepentingan penyesuaian masa 

nyata, kawalan manual, dan penyelarasan antara isyarat trafik, yang semuanya ditangani 

dalam Sistem Kawalan Lalu Lintas Tanpa Wayar Mudah Alih. Penemuan ini menekankan 

potensi sistem untuk meningkatkan aliran trafik, mengurangkan kemalangan, dan memberikan 

kawalan yang lebih baik semasa penutupan jalan sementara..
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

 

This project, titled "Portable Wireless Traffic Control System for Partial Road 

Closures," is designed to provide a reliable, safe, and adaptable solution for managing traffic 

flow in scenarios where partial road closures occur. Manual traffic control methods, often used 

during such closures, expose workers to significant safety risks, including oncoming vehicles 

and hazardous weather conditions. These methods are also prone to miscommunication and 

inefficiencies, which can lead to accidents, congestion, and delays. This project aims to replace 

these traditional approaches with an offline, automated traffic management system that is 

portable, efficient, and user-friendly, making it especially suitable for rural areas with limited 

resources 

 

The system consists of two portable LED traffic signals, each controlled by an ESP32 

microcontroller, and infrared sensors for detecting vehicle presence. These components 

communicate wirelessly via a controlled communication protocol, ensuring synchronization 

between the traffic signals and smooth transitions between green and red lights. The system 

operates offline, eliminating reliance on internet connectivity, and incorporates features like 

countdown timers, buffer delays, and dynamic adjustments to ensure safety and efficiency. 

Additionally, the default system routine includes a 60-second green-light duration, with 

extensions of up to 30 seconds if no vehicle is detected at the opposing signal. 

 

A mobile application serves as the system’s central interface, providing real-time 

monitoring and manual control capabilities for traffic wardens. The app enables users to start 

and stop the system, activate "all-red" signals for emergencies, override traffic signals, and 

adjust countdown durations dynamically. Designed with a clean and intuitive user interface, 

the app ensures ease of use and flexibility, allowing wardens to respond to varying traffic and 

road conditions effectively. By combining automation, real-time adaptability, and user-centric 

control, this project delivers an innovative solution to enhance traffic safety and efficiency 

during partial road closures. 
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1.2 Problem Statement 

 

Managing traffic flow during partial road closures often relies on manual procedures, 

which expose road workers to significant safety risks and operational challenges. Workers are 

frequently required to stand near active traffic zones, making them vulnerable to oncoming 

vehicles and adverse weather conditions. This approach not only endangers the workers' safety 

but also compromises the overall efficiency of traffic management, as manual signalling 

methods are prone to miscommunication and delays. These risks are amplified during night 

operations or in areas with poor visibility, where accidents and misunderstandings become 

more likely. 

 

In rural areas, these challenges are even more pronounced due to limited resources and 

infrastructure. Manual traffic control is often the only available option, as rural regions 

typically lack access to advanced traffic management systems or permanent traffic control 

infrastructure. Poor internet connectivity further restricts the implementation of modern, IoT-

based solutions that depend on online networks. The reliance on basic and outdated methods 

in these regions often leads to longer delays, increased driver frustration, and heightened risks 

of accidents. 

 

The Portable Wireless Traffic Control System for Partial Road Closures addresses these 

problems by offering an offline, portable, and adaptive solution tailored to rural and resource-

limited environments. This system integrates synchronized LED traffic signals, infrared 

vehicle sensors, and a controlled communication protocol to automate traffic management and 

minimize risks. A mobile application provides real-time monitoring and manual override 

capabilities, empowering traffic wardens to dynamically adapt to changing traffic conditions. 

By enhancing safety, reducing worker exposure to hazards, and offering a practical solution 

for rural areas, this project provides a modern alternative to traditional manual methods.  
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1.3 Project Scope 

 

This project involves the development of a Portable Wireless Traffic Control System 

for Partial Road Closures that operates offline to ensure portability and suitability for rural 

areas. The system features two portable LED traffic signals that communicate wirelessly via a 

controlled communication protocol, enabling synchronized and conflict-free traffic light 

operations. Vehicle detection sensors are integrated into the system to dynamically adjust 

signal timing based on real-time traffic conditions, ensuring smooth and efficient traffic flow 

even in resource-limited environments. The offline functionality allows the system to be 

deployed in remote locations where internet connectivity is unavailable. 

 

A mobile application serves as the central interface for traffic wardens, offering real-

time system monitoring and control. Key features of the app include the ability to initiate or 

shut down the system, activate "all-red" signals for emergencies, and manually override traffic 

signals or countdown timers. The app also provides live updates on the status of each traffic 

light, ensuring wardens can monitor operations effectively. Designed for user-friendliness, the 

app empowers traffic wardens to adapt to varying traffic scenarios and address unexpected 

conditions with ease. 

 

The system is designed to be portable, allowing for quick deployment and 

reconfiguration at different locations. This makes it particularly suitable for temporary road 

closures in rural or remote areas, where traditional traffic management resources are often 

unavailable. By combining automation, dynamic adaptability, and user-driven control, this 

project provides a versatile and practical solution for improving traffic safety and efficiency 

during partial road closures. 
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1.4 Aims and Objectives  

 

This project aims to improve traffic management during partial road closures by developing a 

Portable Wireless Traffic Control System for partial road closures. The following are the 

project objectives: 

1. To develop a portable traffic control system with two temporary traffic signals that 

communicate wirelessly to synchronize operations for managing traffic during partial 

road closures. 

2. To design and implement a controlled communication protocol for reliable and 

consistent data exchange between the traffic lights, ensuring synchronization based 

on real-time traffic conditions. 

3. To create a mobile application that provides manual control capabilities, allowing 

traffic wardens to override automated operations and adapt to varying traffic 

situations. 
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1.5 Project Methodology 

 

Figure 1. 1 Agile Methodology Phases (Ali & Sameh, 2024) 

 

 This project adopts an Agile methodology, an iterative and flexible approach well-

suited for projects requiring continuous refinement and user feedback (Kumar & Bhatia, 

2012). By breaking the project into smaller phases, Agile ensures that each component is 

developed, tested, and improved incrementally, resulting in a reliable and user-friendly 

system (Kumar & Bhatia, 2012). The methodology focuses on collaboration, adaptability, and 

continuous improvement, aligning with the objectives of creating a safe, efficient, and 

portable traffic control system. 

 

The first phase is requirement gathering, which involves collecting insights from 

traffic wardens and other stakeholders through surveys and interviews. The objective is to 

understand the key challenges faced during partial road closures, particularly in rural areas, 

and identify system requirements such as offline functionality, synchronized signals, and 

manual override capabilities. The feedback from this phase helps shape the features and 

functionalities of both the hardware and mobile application. 

  

The subsequent phase is design and prototyping, where the system architecture, 

circuit diagrams, and mobile app wireframes are created. This phase also includes developing 

a low-fidelity prototype of the traffic control system to test basic functionalities like 

synchronization of signals, countdown timers, and buffer delays. The design phase ensures 

that the system meets safety requirements and is easy to use, laying a solid foundation for 

implementation. 
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The third phase focuses on development and testing, where the hardware and 

software components are integrated. Using ESP32 microcontrollers, the traffic signal 

synchronization and vehicle detection systems are implemented and connected to the mobile 

application. Iterative testing ensures that features such as real-time signal updates, 

countdown adjustments, and manual overrides function reliably under various scenarios. 

 

Finally, the deployment and review phase involve testing the system in a controlled 

environment, where user feedback is gathered to identify potential improvements. The 

system is refined based on this feedback to enhance usability and performance. Once all 

objectives are met, the system is finalized and prepared for real-world application, ensuring 

it provides a safe, efficient, and adaptable solution for managing traffic during partial road 

closures. 

  



7 

 

1.6 Significance of Project 

 

The Portable Wireless Traffic Control System for Partial Road Closures offers a 

transformative approach to managing traffic in temporary closure scenarios, addressing critical 

safety and operational challenges. By automating traffic control, the system minimizes the 

exposure of road workers to hazardous conditions such as oncoming traffic and adverse 

weather. This ensures a safer working environment while reducing the likelihood of accidents 

caused by human error or fatigue, especially in areas with limited visibility or during nighttime 

operations. 

 

The system’s offline functionality and portability make it particularly valuable for rural 

or remote areas where traditional traffic management resources, such as permanent traffic lights 

or internet-based systems, are unavailable. Its ability to operate independently of internet 

connectivity ensures reliability and adaptability in these regions, offering a practical solution 

to improve traffic flow and reduce congestion. The use of synchronized LED traffic lights with 

real-time vehicle detection enhances efficiency, ensuring smooth and conflict-free transitions 

between signals. 

 

Additionally, the integration of a user-friendly mobile application empowers traffic 

wardens with advanced control options, such as manual overrides, countdown adjustments, and 

real-time status monitoring of the signals. This combination of automation and manual control 

provides unparalleled flexibility to adapt to dynamic traffic conditions, such as emergencies or 

construction vehicle movement. By addressing the limitations of traditional methods and 

introducing innovative features, this project contributes to safer, more efficient, and adaptable 

traffic management solutions for both urban and rural scenarios. 
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1.7 Project Schedule 

 

The project schedule is shown in the Table 1 below: 

 

Tasks Start Date End Date Duration 

(day(s)) 

Brief Proposal 7/10/2024 20/10/2024 14 

Feedback and Comment from  

Reviewer/Examiner 

20/10/2024 28/10/2024 9 

Full FYP Proposal 28/10/2024 14/11/2024 18 

Chapter 1: Introduction 14/11/2024 21/11/2024 8 

Chapter 2: Literature Review 21/11/2024 13/12/2024 23 

Chapter 3: Requirement Analysis and Design 13/12/2024 5/1/2025 24 

Phase 1.0 (Requirement Gathering): 

Interview with potential traffic warden 

13/12/2024 20/11/2024 8 

Phase 1.1 (Requirement Gathering): 

Distribute online survey via google form 

15/12/2024 3/1/2025 20 

Phase 2.0 (System Design) – Prototype 

            and wireframes 

13/12/2024 5/1/2025 24 

FYP 1 Report Submission 5/1/2025 8/1/2025 4 

FYP 1 Report Amendment 8/1/2025 10/1/2025 3 

FYP 1 Final Report Submission after Amendment 10/1/2025 17/1/2025 8 

Iteration 1 7/3/2025 14/4/2025 39 

Chapter 4: Implementation 7/3/2025 9/4/2025 34 

Phase 3.0 (Development): Initial coding 

and testing 

7/3/2025 9/4/2025 34 
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Chapter 5: Testing 10/4/2025 14/4/2025 5 

Phase 4.0 (Testing): User testing 10/4/2025 14/4/2025 5 

Iteration 2 15/4/2025 20/5/2025 36 

Chapter 4: Implementation 15/4/2025 16/5/2025 32 

Phase 3.1 (Development): Enhanced 

coding and testing 

15/4/2025 16/5/2025 32 

Chapter 5: Testing 17/5/2025 20/5/2025 4 

Phase 4.1 (Testing): User testing 17/5/2025 20/5/2025 4 

Iteration 3 21/5/2025 25/6/2025 36 

Chapter 4: Implementation 21/5/2025 21/6/2025 32 

Phase 3.2 (Development): Final coding 

and testing 

21/5/2025 21/6/2025 32 

Chapter 5: Testing 22/6/2025 25/6/2025 4 

Phase 4.2 (Testing): User testing 22/6/2025 25/6/2025 4 

Chapter 6: Conclusion and future work 26/6/2025 27/6/2025 2 

Phase 5.0 (Deployment): System 

deployment and demonstration 

28/6/2025 30/6/2025 3 

Phase 6.0 (Review): Maintenance 1/7/2025 4/7/2025 4 

Final FYP report submission 1/7/2025 8/7/2025 8 

 

Table 1. 1 Project Schedule 
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1.8 Expected Outcome 

 

This project is expected to deliver a fully functional Portable Wireless Traffic Control 

System that operates offline and is suitable for managing traffic during partial road closures. 

The system will feature two synchronized LED traffic signals that communicate wirelessly 

using a controlled communication protocol to ensure seamless operation. Vehicle detection 

through infrared sensors will enable dynamic adjustments to traffic signal timings, optimizing 

traffic flow while maintaining safety. The inclusion of a default countdown system with a 2-

second buffer delay during transitions ensures smooth and conflict-free signal changes. 

 

A key component of the system is a mobile application designed to provide traffic 

wardens with real-time monitoring and control capabilities. The app will enable users to start 

and stop the system, activate "all-red" signals for emergencies, manually override signal 

operations, and adjust countdown durations. The intuitive interface ensures ease of use, 

empowering wardens to adapt to varying traffic conditions and address unexpected scenarios 

efficiently. 

 

By combining automation, adaptability, and user-centric control, this project aims to 

improve road safety, optimize traffic management, and provide a practical solution for areas 

with limited resources. The system’s offline functionality and portability make it especially 

suited for rural or remote regions, where it offers a modern, reliable alternative to traditional 

manual traffic management methods. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Introduction 

Effective traffic management plays a crucial role in maintaining road safety and 

ensuring the smooth flow of vehicles, particularly during partial road closures required for 

maintenance or emergencies. Traditional traffic control methods, such as manual signaling or 

fixed-schedule systems, are inefficient and risky, often resulting in delays, miscommunication, 

and heightened safety risks for road workers and users. These challenges are especially severe 

in rural areas, where limited infrastructure, poor connectivity, and scarce resources make 

advanced traffic solutions difficult to implement (Teja et al., 2024). 

 

Recent advancements in traffic management systems, particularly those utilizing IoT 

technologies, have demonstrated the potential to address these challenges. Kumar and Patel 

(2023) highlight how real-time adaptive traffic systems powered by IoT can optimize traffic 

flow and improve safety through dynamic signal adjustments. Similarly, studies have shown 

the effectiveness of integrating microcontrollers, such as the ESP32, with sensors like IR 

detectors to automate traffic control and enhance efficiency (Teja et al., 2024). However, many 

of these solutions rely heavily on internet connectivity, making them unsuitable for offline 

deployment in rural or remote settings. 

 

By synthesizing these insights, this chapter establishes the foundation for developing a 

Portable Wireless Traffic Control System for Partial Road Closures. The proposed system 

integrates synchronized traffic lights, adaptive control mechanisms, and a mobile application 

to deliver an efficient and user-friendly solution for traffic management. This review evaluates 

existing traffic management solutions to identify their strengths, limitations, and applicability 

to this project, providing a robust basis for addressing gaps in current traffic control systems. 
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2.2 Review of Similar Existing Systems 

This section reviews existing traffic management systems, emphasizing their strengths, 

limitations, and applicability to the proposed solution. The systems analyzed include the IoT-

Enabled Smart Traffic System for Public and Emergency Mobility in Smart City (Nagarjuna 

et al., 2020), the Smart Traffic Signal Management System (Manasa et al., 2023), and the Smart 

Traffic Management System for Priority Vehicle Clearance using IoT (Raj et al., 2022). These 

systems leverage advancements in IoT, automation, and dynamic traffic control, providing 

valuable insights for the development of the proposed Portable Wireless Traffic Control 

System for Partial Road Closures. While these systems address challenges such as congestion, 

emergency vehicle prioritization, and real-time monitoring, they also reveal limitations, such 

as reliance on internet connectivity, limited portability, and reduced adaptability in offline or 

rural scenarios. The analysis highlights how these gaps can be addressed by the proposed 

system, which integrates portable LED traffic lights, a controlled communication protocol, and 

a user-friendly mobile application to enhance efficiency, safety, and adaptability. 

 

2.2.1 IoT-Enabled Smart Traffic System for Public and Emergency Mobility in Smart 

City (Nagarjuna et al., 2020) 

 

 The IoT-Enabled Smart Traffic System for Public and Emergency Mobility focuses on 

addressing urban traffic congestion and prioritizing emergency vehicles using IoT-based 

automation. The system integrates ESP32 microcontrollers, infrared (IR) sensors, RFID 

readers, and the Blynk App to achieve dynamic traffic signal management. This setup 

facilitates real-time adjustments to traffic lights and provides priority for emergency and stolen 

vehicles (Nagarjuna et al., 2020). Designed for smart city applications, the system aims to 

enhance traffic efficiency, reduce delays, and optimize road safety. 

 

 The system architecture is represented in a block diagram that outlines the flow of data 

between its components, as shown in Figure 2.1 below. The ESP32 microcontroller acts as the 

central unit, processing inputs from IR sensors, RFID readers, and other connected devices. 

These inputs include vehicle density data from the IR sensors and vehicle identification 

information from RFID tags. Outputs include the activation of traffic lights, seven-segment 

displays for timing, and LCDs for system status updates (Nagarjuna et al., 2020). 
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Figure 2. 1 Block diagram of the system 

  

 

 

 

Communication within the system is facilitated through multiple protocols. For 

instance, the MQTT protocol is employed for real-time data exchange with the Blynk platform, 

while UART and SPI protocols manage interactions between the microcontroller and other 

peripherals. This structured data flow ensures seamless and efficient operation, enabling 

dynamic signal adjustments and real-time system updates (Nagarjuna et al., 2020). 

 

The system’s operational flow is depicted in a flowchart, as illustrated in Figure 2.2 

below. It begins with system initialization, where the ESP32 establishes connections with 

sensors and the Blynk App. The system then enters a monitoring state, continuously detecting 

vehicle density on each road using IR sensors. If one road is detected to have higher density 

than others, the corresponding signal is turned green while others remain red. For emergency 

vehicles, RFID tags trigger immediate green signals for the relevant lane, regardless of traffic 

density (Nagarjuna et al., 2020). 
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Figure 2. 2 Flowchart of the Model 

 

 

Additionally, the system includes decision loops to manage connectivity and data 

updates. For instance, if the Wi-Fi connection is lost, the system retries to establish 

communication before resuming normal operations. These logical pathways ensure reliability 

in both routine traffic management and special scenarios, such as stolen vehicle detection or 

emergency prioritization (Nagarjuna et al., 2020). 
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The Blynk App provides the system’s graphical user interface, enabling traffic 

managers to monitor and control signals remotely. As shown in Figure 2.3 below, the app 

allows users to view traffic density on each road, control signals manually, and observe 

automated adjustments for emergency vehicles. The app also offers virtual representations of 

signal states, providing real-time feedback for better traffic management (Nagarjuna et al., 

2020). 

 

 

 

 

Figure 2. 3 Different output scenarios in the Blynk app 

 

 

 

The app operates seamlessly with the ESP32, utilizing the Blynk Server for data storage 

and retrieval. This ensures scalability and efficient processing of IoT sensor data. Its 

compatibility with both Android and iOS devices makes it accessible for a wide range of users, 

further enhancing its practicality for smart city applications (Nagarjuna et al., 2020). 
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A prototype of the IoT-Enabled Smart Traffic System was developed to simulate a four-

way intersection, as shown in Figure 2.4 below. The physical model features IR sensors placed 

on each road to detect vehicle density, RFID readers to identify vehicles, and LED traffic lights 

for signal control. This setup effectively demonstrates the system’s ability to dynamically 

adjust traffic signals based on real-time inputs and prioritize emergency vehicles (Nagarjuna et 

al., 2020). 

 

Figure 2. 4 Prototype model of the system proposed system. 

 

The model highlights the integration of hardware components, including ESP32 

microcontrollers, sensors, and display units, showcasing a practical implementation of the 

proposed architecture. By employing a realistic intersection layout, the prototype validates the 

system’s functionality under simulated traffic conditions (Nagarjuna et al., 2020). 

 

The IoT-Enabled Smart Traffic System demonstrates innovative approaches to traffic 

management through the integration of IoT and automation. The system’s use of ESP32 

microcontrollers and IR sensors aligns with the proposed Portable Wireless Traffic Control 

System, particularly in its focus on dynamic signal adjustments and real-time data processing. 

However, its reliance on internet connectivity and RFID technology for stolen vehicle detection 

reduces its applicability in offline or rural settings. Nonetheless, the modular design and IoT 

integration provide valuable insights into building efficient and adaptable traffic control 

solutions (Nagarjuna et al., 2020).  
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2.2.2 Smart Traffic Signal Management System (Manasa et al., 2023) 

 

The Smart Traffic Signal Management System addresses urban traffic congestion and 

prioritizes emergency vehicles through IoT integration and dynamic traffic control. Using IR 

sensors for density detection and Arduino UNO as the microcontroller, this system ensures 

efficient traffic signal operation. The integration of the Blynk App enables real-time monitoring 

and manual control of traffic signals, further improving system adaptability and usability 

(Manasa et al., 2023). This system is particularly relevant to the proposed project due to its 

focus on density-based traffic control and IoT-enabled monitoring. 

 

The block diagram of the system, as shown in Figure 2.5, illustrates the integration of 

key components. IR sensors are placed strategically to detect vehicle density, and the data is 

transmitted to the Arduino UNO for processing. The NodeMCU (ESP8266) connects the 

system to the Blynk App, enabling real-time control and monitoring. Outputs include traffic 

signal LEDs, which are dynamically adjusted based on input from the sensors (Manasa et al., 

2023). This structure highlights the modularity of the system, allowing for easy integration of 

additional features such as GPS or image processing in the future. 

 

 

 
 

 

Figure 2. 5 Block diagram of the system. 
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Setting up the Blynk App involves creating a device template and linking it to the 

hardware. As shown in Figure 2.6, the setup includes generating a template ID, device name, 

and authentication token. These parameters are configured in the Arduino IDE, enabling 

communication between the microcontroller and the app. The app utilizes Wi-Fi provisioning, 

where the NodeMCU generates a dedicated network for the Blynk platform to connect and 

exchange data (Manasa et al., 2023). 

 

 

 

 

 

Figure 2. 6  Preparing of Code. 

 

 

 

 

Virtual pins, as shown in Figure 2.7, are used to establish communication pathways 

between the Blynk App and the hardware. These pins allow seamless data transfer and enable 

features such as manual signal control, which are essential for dynamic traffic management. 
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Figure 2. 7 Virtual pins creation for signal control. 

 

 

 

 

Object detection is a core functionality of this system, demonstrated in Figure 2.8. The 

IR sensors operate by emitting infrared light from a transmitter, which is reflected back to a 

receiver when an object (vehicle) is present. This interaction triggers the sensor to send data to 

the Arduino UNO, which processes the input and adjusts the traffic signals accordingly 

(Manasa et al., 2023). The system prioritizes high-density lanes by assigning green signals, 

ensuring efficient traffic flow. 
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Figure 2. 8 Object Detection by IR Sensor. 

 

The Blynk App’s interface, as shown in Figure 2.9, provides users with a simple and 

intuitive platform to monitor and control traffic signals. Using on-screen buttons, users can 

toggle signals for specific lanes, ensuring smooth passage for emergency vehicles. The app’s 

real-time feedback and control features enhance the system’s adaptability, making it a robust 

solution for dynamic traffic management (Manasa et al., 2023). 
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Figure 2. 9Blynk App displaying signals. 

 

The Smart Traffic Signal Management System demonstrates an effective approach to 

addressing traffic congestion and prioritizing emergency vehicles through IoT and automation. 

Its use of IR sensors for density detection, Arduino for signal processing, and the Blynk App 

for real-time control aligns closely with the goals of the proposed system. However, the 

reliance on internet connectivity limits its applicability in offline scenarios, highlighting a key 

difference from the proposed Portable Wireless Traffic Control System. Despite this, the 

modular design and IoT integration offer valuable insights for developing efficient and 

adaptable traffic management solutions (Manasa et al., 2023). 
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2.2.3 Smart Traffic Management System for Priority Vehicle Clearance using IoT (Raj 

et al., 2022) 

 

The Smart Traffic Management System for Priority Vehicle Clearance focuses on 

addressing urban traffic congestion and ensuring the smooth flow of vehicles by dynamically 

managing traffic signals based on vehicle density. This system utilizes IR sensors for density 

detection, an 8051 microcontroller for traffic signal management, and the Blynk App for real-

time monitoring and manual control. Additionally, the system integrates RF transmitters and 

receivers to prioritize vehicles like ambulances and fire trucks, enhancing emergency response 

times (Raj et al., 2022). The relevance of this system lies in its focus on dynamic signal control 

and emergency vehicle prioritization, aligning closely with the objectives of the proposed 

project. 

 

The block diagram, as depicted in Figure 2.10, provides an overview of the system’s 

architecture. IR sensors detect vehicle density and transmit data to the 8051 microcontroller, 

which processes the information to adjust signal timing. The system also integrates an RF 

transmitter and receiver for priority vehicle detection. Outputs include traffic light LEDs, 

which change based on vehicle density and priority vehicle presence (Raj et al., 2022). The 

modular design ensures scalability and ease of implementation, making it suitable for both 

urban and rural settings. 

 

 

Figure 2. 10 Block diagram of the system. 

 

 



23 

 

The flow diagram of the system, shown in Figure 2.11, illustrates the operational logic. 

The process begins with IR sensors detecting vehicle density in each lane. The data is sent to 

the microcontroller, which evaluates the density and assigns green signals to lanes with higher 

traffic. Simultaneously, RF signals from priority vehicles override the default signal pattern, 

ensuring immediate green light clearance for emergency vehicles. This flow ensures efficient 

traffic management and minimizes waiting times, particularly for priority vehicles (Raj et al., 

2022). 

 

 

 

Figure 2. 11Flow Diagram of the system. 

 

 

 



24 

 

 

The Blynk App serves as the system's user interface, providing remote monitoring and 

control capabilities. As shown in Figure 2.12, the app enables users to manually control traffic 

signals, monitor real-time traffic density, and prioritize specific lanes for emergency vehicle 

clearance. The app interface is user-friendly, allowing traffic wardens and emergency vehicle 

drivers to efficiently manage traffic operations with minimal training (Raj et al., 2022). 

 

 

 

Figure 2. 12 Blynk App interface. 

 

 

The hardware setup of the system, depicted in Figure 2.13, consolidates all components 

into a functional prototype. It includes IR sensors for density detection, an 8051 microcontroller 

for processing, and LEDs for traffic light representation. The RF transmitter and receiver 

facilitate priority vehicle detection, ensuring timely green light allocation. The entire setup is 

powered by a regulated power supply, ensuring reliable operation under varying conditions 

(Raj et al., 2022). This comprehensive setup effectively demonstrates the system’s capability 

to handle real-world traffic scenarios. 
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Figure 2. 13Hardware setup of the system. 

 

 

The Smart Traffic Management System for Priority Vehicle Clearance demonstrates a 

practical approach to addressing traffic congestion and prioritizing emergency vehicles through 

IoT and automation. Its use of IR sensors, microcontrollers, and the Blynk App aligns closely 

with the goals of the proposed Portable Wireless Traffic Control System. However, its reliance 

on an 8051 microcontroller limits its scalability compared to more modern microcontrollers 

like the ESP32. Additionally, the system’s dependence on internet connectivity reduces its 

applicability in offline or rural scenarios. Nonetheless, its modular design and focus on real-

time adaptability offer valuable insights for developing efficient and scalable traffic 

management solutions (Raj et al., 2022)



26 

 

2.3 Comparison of Existing Systems with the Proposed System  

 

Table 2. 1 Comparison between existing systems and proposed systems. 

Functionality 

and Features 

IoT-Enabled Smart 

Traffic System for 

Public and Emergency 

Mobility (Nagarjuna et 

al., 2020) 

Smart Traffic Signal 

Management System 

(Manasa et al., 2023) 

Smart Traffic Management 

System for Priority Vehicle 

Clearance using IoT (Raj et 

al., 2022) 

Proposed Portable Wireless 

Traffic Control System 

Microcontroller ESP32 Arduino UNO 8051 Microcontroller ESP32 with Wifi/Bluetooth 

Sensors Used 

IR Sensors for density 

detection; RFID for 

stolen vehicle detection 

IR Sensors for density 

detection 

IR Sensors and RF for priority 

vehicle detection 

IR Sensors for vehicle presence 

detection 

Communication 

Protocols 

MQTT, UART, and SPI 

for real-time 

communication 

Wi-Fi for connecting to the 

Blynk App 

RF Communication for priority 

vehicle alerts 

Controlled protocol for offline, 

reliable synchronization 
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Mobile App 

Features 

Blynk App with real-

time signal control and 

monitoring 

Blynk App for density-

based signal adjustments 

Blynk App for manual control 

of priority vehicle signals 

Custom app with advanced 

controls: signal overrides, 

countdown edits, and status 

updates 

Traffic Signal 

Control 

Real-time adjustments 

based on traffic density 

and emergency vehicle 

detection 

Signal priority for high-

density lanes 

Emergency vehicle 

prioritization with manual 

overrides 

Dynamic traffic management with 

synchronized lights and adaptable 

countdowns 

Power Supply Fixed power source 
Modular but dependent on 

grid power 

Fixed power with limited 

portability 
Portable battery packs 

Portability 

Low portability due to 

reliance on fixed 

infrastructure and RFID 

Moderate portability with 

modular IoT integration 

Moderate portability; limited 

by fixed installations 

High portability: lightweight 

hardware, easy deployment 

Scalability and 

Adaptability 

Limited scalability due 

to reliance on RFID and 

online features 

Scalable but lacks 

adaptability for emergency 

scenarios 

High scalability for urban 

setups but unsuitable for 

offline rural areas 

Highly scalable and adaptable for 

rural and urban setups, with offline 

and portable operation 
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2.4 Summary 

 

This chapter reviewed existing traffic management systems, highlighting their 

strengths, limitations, and relevance to the proposed Portable Wireless Traffic Control System 

for Partial Road Closures. The systems analyzed include the IoT-Enabled Smart Traffic System 

for Public and Emergency Mobility, the Smart Traffic Signal Management System, and the 

Smart Traffic Management System for Priority Vehicle Clearance using IoT. These systems 

demonstrated advancements in automation, IoT-based monitoring, and adaptive traffic signal 

control. 

 

However, significant limitations were identified, such as reliance on internet 

connectivity, limited portability, and restricted adaptability in rural or offline scenarios. While 

these systems provide valuable insights into dynamic traffic management and emergency 

vehicle prioritization, they fall short in addressing the unique challenges posed by temporary 

road closures, particularly in resource-limited environments. 

 

The proposed system builds upon the strengths of these solutions by integrating 

portable LED traffic lights, a controlled communication protocol, and a user-friendly mobile 

application. By addressing the identified gaps, the proposed solution aims to enhance traffic 

safety, adaptability, and user experience during partial road closures, particularly in rural and 

offline settings. 
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CHAPTER 3: REQUIREMENT ANALYSIS AND DESIGN 

3.1 Introduction 

 

The Portable Wireless Traffic Control System for Partial Road Closures is designed to 

address the unique challenges associated with managing traffic during temporary road closures. 

These challenges include ensuring safety for road users and workers, minimizing congestion, 

and providing a reliable, portable system that can adapt to varying scenarios. The system 

emphasizes offline functionality, making it suitable for deployment in rural or remote areas 

where internet connectivity is unavailable. 

 

This chapter focuses on the requirement analysis and design phases, which are critical 

for defining the system's functionality and architecture. During the requirement analysis phase, 

inputs from traffic wardens and road users were gathered through surveys and interviews to 

identify the system's key features. These include real-time traffic signal synchronization, 

manual override capabilities via a mobile application, and adjustable countdown timers to 

enhance adaptability. The analysis also identified the hardware and software components 

necessary for implementing these features. Key hardware components include ESP32 

microcontrollers for wireless communication, infrared (IR) sensors for vehicle detection, and 

portable LED traffic lights for efficient signaling. The software components include a custom 

communication protocol to enable offline synchronization and a mobile application for real-

time monitoring and control, developed using Flutter for cross-platform compatibility. 

 

Building on these requirements, the design phase provides a detailed blueprint of the 

system, incorporating diagrams and designs such as the system architecture, flowchart, block 

diagram, context diagram, sequence diagrams and user interface design of the mobile 

application. These elements demonstrate the seamless integration of ESP32 microcontrollers, 

IR sensors, and the controlled communication protocol, enabling efficient signal 

synchronization and real-time adaptability. By addressing the limitations of existing systems, 

this chapter outlines a robust, user-friendly design tailored to manage traffic during partial road 

closures effectively. 
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3.2 Requirement Analysis 

The requirement analysis phase serves as the foundation for the design and 

implementation of the Portable Wireless Traffic Control System for Partial Road Closures. 

This phase focuses on identifying the key system requirements through surveys, interviews, 

and a review of relevant tools and technologies. The analysis ensures that the proposed system 

meets the functional, operational, and user-specific needs effectively. 

 

3.2.1 User Requirements 

 

 The user requirements were identified through surveys (Google Form) and an interview 

was conducted with a traffic warden and road users involved in traffic management. The 

following key features were derived from this analysis: 

 

1. Real-Time Signal Synchronization: Traffic lights must be synchronized to prevent 

conflicts and ensure smooth traffic flow. 

2. Manual Overrides: Traffic wardens require the ability to override signal operations in 

emergencies or unforeseen scenarios via a mobile application. 

3. Adjustable Countdown Timers: The system must allow customization of countdown 

durations based on traffic conditions and distances between signals. 

4. Portability: The system must be easy to deploy and remove, making it suitable for 

temporary road closures in rural or urban settings. 

5. Offline Functionality: The system must operate without internet connectivity, 

ensuring reliability in resource-limited environments. 
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3.2.2 Hardware Specifications 

  

Component Description Reason for Selection 

ESP32 Microcontrollers 

Microcontrollers with built-

in Wi-Fi and Bluetooth 

capabilities for wireless 

communication. 

Reliable for real-time 

communication and 

synchronization between 

traffic signals. 

Infrared (IR) Sensors 

Sensors used to detect 

vehicles approaching the 

traffic signals. 

Provides accurate real-time 

traffic density data. 

Portable LED Traffic Lights 

Energy-efficient lights for 

signalling traffic during 

temporary road closures. 

Highly visible, durable, and 

suitable for various 

environmental conditions. 

Battery Packs 

Rechargeable lithium-ion 

batteries to power the 

microcontrollers, sensors, 

and lights. 

Ensures system portability 

and continuous operation in 

areas without grid power. 

Voltage Regulators 

Devices to stabilize the 

power supply for sensitive 

components like the ESP32 

and sensors. 

Prevents power fluctuations, 

ensuring reliable system 

performance. 

Breadboard 

Reusable platform for 

assembling and testing 

circuits without soldering. 

Allows for easy prototyping 

and modification of circuit 

designs. 

Small LCD Screens 
Screens to display 

countdown timers. 

Enhances system feedback 

for debugging and user 

monitoring. 

Jumper Wires 

Wires used to connect 

components on the 

breadboard. 

Ensures reliable connections 

between sensors, 

microcontrollers, and LEDs. 

 

Table 3. 1 List of Hardware Specifications 
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3.2.3 Software Specifications 

 

Component Description Reason for Selection 

Controlled Communication 

Protocol 

Protocol designed to 

synchronize signals offline 

between ESP32 

microcontrollers. 

Ensures reliable 

communication without 

requiring internet 

connectivity. 

Mobile Application 

Developed using Flutter for 

cross-platform 

compatibility. 

Provides real-time 

monitoring, manual 

overrides, and countdown 

adjustments for traffic 

wardens. 

Arduino IDE 

Integrated Development 

Environment for coding and 

uploading firmware to 

ESP32. 

Simplifies programming and 

debugging of ESP32 

microcontrollers. 

Visual Studio Code 

Advanced IDE for coding, 

debugging, and managing 

project files. 

Enhances coding efficiency 

and supports custom 

configurations. 

SQLite Database 
Lightweight database 

embedded in the mobile app. 

Logs traffic events, user 

actions, and system 

performance for future 

reference. 

Programming Languages 

Primarily C/C++ for ESP32 

microcontroller 

programming. 

Well-suited for low-level 

hardware control and real-

time processing. 

 

Table 3. 2 List of Software Specifications 
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3.2.4 Functional Requirements 

The functional requirements ensure that the system delivers its intended performance: 

 

1. The system must detect vehicles via IR sensors and adjust traffic signals dynamically. 

2. Countdown timers must initiate during the last 10 seconds of green-light transitions, 

with a 2-second buffer delay between red-to-green transitions. 

3. The system must synchronize traffic lights using a master-slave configuration, with 

real-time communication via the controlled protocol. 

4. Manual overrides must take precedence over automatic operations when activated. 

 

3.2.5 Non - Functional Requirements 

 

The non-functional requirements ensure reliability, usability, and scalability: 

 

1. Reliability: The system must maintain consistent operation, even in harsh weather or 

resource-limited areas. 

2. Usability: The mobile app interface must be intuitive, requiring minimal training for 

traffic wardens. 

3. Scalability: The system should support future integration with additional features, such 

as density-based prioritization or solar-powered operation. 

4. Portability: All components must be lightweight and easy to set up or dismantle. 

.  
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3.3 System Design 

3.3.1 System Architecture Diagram 

 

 
 

Figure 3. 1  Overall System Architecture of the whole system 

 

 

The System Architecture Diagram, as shown in Figure 3.1, illustrates the interaction 

between the hardware and software components of the proposed system. At the core of the 

system are two ESP32 microcontrollers configured in a master-slave architecture, with MCU 

1 (Master) managing system synchronization and processing commands from the mobile 

application. The mobile app enables traffic wardens to send manual override commands, 

monitor real-time system status, and adjust countdown timers. Infrared sensors detect 

approaching vehicles, sending signals to the master microcontroller, which determines signal 

transitions and synchronizes operations with MCU 2 (Slave) through a controlled 

communication protocol. The output is relayed to traffic signals, which display the appropriate 

red or green light states, including countdowns for transitions. This architecture ensures 

seamless integration of portable hardware components with an offline and user-friendly traffic 

management system.
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3.3.2 Flowchart Diagram 

 

Figure 3. 2  Flowchart of the whole system
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The flowchart, as shown in Figure 3.2, demonstrates the step-by-step operational flow 

of the Portable Wireless Traffic Control System for Partial Road Closures. It highlights how 

the system manages vehicle detection, signal transitions, and manual overrides using a master-

slave architecture. 

 

When a vehicle is detected by the infrared sensors, the system begins a 10-second 

countdown for the corresponding signal to turn green. A 2-second buffer delay ensures smooth 

and safe transitions before the signal changes. The master ESP32 coordinates the state of both 

signals, ensuring one is green while the other remains red. During this time, the system 

continuously updates the mobile application to reflect the current signal statuses. 

 

If no vehicles are detected, the system remains in its current state, maintaining both 

traffic signals as red. The sensors continue monitoring for vehicle presence in each lane. This 

ensures that the system avoids unnecessary signal changes, conserving energy and maintaining 

traffic flow efficiency. The system seamlessly returns to its normal routine once a vehicle is 

detected, resuming countdown and transition logic. 

 

Manual overrides initiated via the mobile application allow traffic wardens to intervene 

when necessary. They can activate an "All-Red" mode to halt traffic for construction vehicles 

or emergencies. Additionally, the app provides functionality to adjust countdown timers 

dynamically, applying new settings in real time. These overrides take precedence over the 

default logic, ensuring the system can adapt to special circumstances efficiently.   
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3.3.3 Block Diagram 

 

 

 

Figure 3. 3  Block Diagram of the whole system 

 

The Block Diagram, as shown in Figure 3.3, illustrates the interaction between the core 

components of the Portable Wireless Traffic Control System for Partial Road Closures. Input 

components include Infrared Sensors, which detect vehicle presence and send data to the 

ESP32 Master, and the Mobile Application, which allows traffic wardens to issue manual 

overrides, adjust countdown timers, and monitor system statuses. The ESP32 Master processes 

these inputs and communicates with the ESP32 Slave using a controlled communication 

protocol to synchronize signal operations. 

 

Output components include LED Traffic Lights and their countdown timers, with the 

Master controlling Traffic Signal 1 and the Slave managing Traffic Signal 2. Real-time updates 

are sent to the Mobile Application for user feedback and control. The system is powered by a 

Battery Pack connected to a Voltage Regulator, ensuring a stable power supply for all 

components. This modular design supports the system's portability, offline functionality, and 

ability to manage traffic effectively. 
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3.3.4 Context Diagram 

 
Figure 3. 4  Block Diagram of the whole system 

 

The Context Diagram, shown in Figure 3.4, provides an overview of the interactions between the external entities and the Portable Wireless 

Traffic Control System. It highlights how the Traffic Warden and Vehicles communicate with the system, ensuring smooth traffic management 

and real-time control. 

 

The Traffic Warden interacts with the system via the Mobile Application, sending manual commands to adjust traffic signals, as well as 

receiving real-time traffic status updates. This allows the warden to monitor the state of the traffic signals and adjust as needed. The Vehicles, 

detected by Infrared Sensors, send vehicle detection data to the system. This data triggers the appropriate traffic signal changes, allowing vehicles 

to pass while maintaining synchronization between the two signals. 

 

This context diagram highlights the simplicity and effectiveness of the system, with clear inputs from both external entities and outputs to 

the traffic signals. It demonstrates the system’s focus on offline functionality, using the mobile app and sensors to control traffic signals in real-

time without the need for cloud integration. 
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3.3.5 Sequence Diagram 

 

 
 

 

Figure 3. 5  Sequence Diagram during Vehicle Detection and Signal Change 
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Figure 3. 6  Sequence Diagram during Manual Override via Mobile App 
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Figure 3. 7 Sequence Diagram during Countdown Adjustment by Traffic Warden 
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Figure 3. 8 Sequence Diagram for Signal Synchronization (Master-Slave Communication)
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The sequence diagrams presented in Figures 3.5 to 3.8 illustrate the key events and 

responses in the system. They show how components like the Vehicle, Sensor, ESP32 Master, 

ESP32 Slave, and Traffic Signals communicate and function in scenarios such as vehicle 

detection and signal change, manual countdown adjustment, and signal synchronization 

between the master and slave units. 

 

The first sequence diagram (Figure 3.5) focuses on the process when a vehicle is 

detected by the infrared sensor. Upon detection, the sensor sends vehicle detection data to the 

ESP32 Master, which triggers a 10-second countdown for Traffic Signal 1 to turn green. 

Meanwhile, Traffic Signal 2 stays red until another vehicle is detected. This diagram effectively 

demonstrates how the system responds in real-time to vehicle presence and manages the traffic 

signal changes accordingly. 

 

The second sequence diagram (Figure 3.6) depicts how the Traffic Warden can 

manually adjust the countdown timer using the Mobile App. The Mobile App sends the updated 

countdown value to the ESP32 Master, which then updates the countdown timer. Afterward, 

the Mobile App receives confirmation that the new countdown has been applied. This sequence 

diagram illustrates the manual control feature, ensuring flexibility in traffic management, 

especially in situations that require dynamic signal timing adjustments. 

 

The third sequence diagram (Figure 3.7) shows how the ESP32 Master and ESP32 

Slave work together to maintain synchronized traffic signals. When the ESP32 Master changes 

Traffic Signal 1 to green, it sends a synchronization signal to the ESP32 Slave, which then 

updates Traffic Signal 2 to match the status of Signal 1, ensuring that both signals are in sync. 

This diagram highlights the master-slave communication used in the system to keep traffic 

signals aligned and prevent accidents due to unsynchronized signals. 

 

The fourth sequence diagram (Figure 3.8) addresses the real-time feedback between the 

ESP32 Master and Traffic Signals. This diagram shows how the ESP32 Master continuously 

checks and updates the traffic signal statuses, ensuring that both Traffic Signal 1 and Traffic 

Signal 2 reflect the current state of the system. This process allows the system to maintain 

accurate, up-to-date information, providing the Traffic Warden with the most current signal 

data via the Mobile App.  
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3.3.6 User Interface Design 

 

The User Interface (UI) of the Portable Wireless Traffic Control System was designed 

with simplicity and usability in mind, providing users with an intuitive way to manage traffic 

signals and adjust system settings in real time. The system's UI consists of three main screens: 

the Login Screen, the Main Control Screen, and the User Profile Screen.  

 

 
Figure 3. 9  Login Screen of the Mobile App 

 

 

The Login Screen (Figure 3.9) is the first point of interaction for the user. It features a 

clean and straightforward layout, with the title "Portable Wireless Traffic Control System" at 

the top, giving users a clear indication of the system’s purpose. Below this, users are prompted 

to enter their username and password in clearly labelled fields, and the Login button is easily 

visible for submission. This page ensures secure access to the system, with the option to log in 

with a pre-filled username for returning users. The login interface is designed to be minimalistic 

to reduce clutter and enhance user focus, making the login process efficient. 
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Figure 3. 10  Main Control Screen of the Mobile App 

 

Once logged in, users are taken to the Main Control Screen (Figure 3.10), where they 

can manage the traffic signals. The screen displays the status of Signal 1 (red) and Signal 2 

(green), each accompanied by a countdown timer that shows how many seconds are left before 

the signals change. Below the traffic signals, four functional buttons are provided: Start/Stop, 

All Red, Adjust Countdown Timer, and Override Traffic Signal. These buttons are clearly 

labeled and arranged in a user-friendly layout, making it easy to control the traffic signals. The 

"Start/Stop" button activates or halts the system, while the "All Red" button allows the user to 

override the signals and turn both signals red. The "Adjust Countdown Timer" button enables 

the user to modify the countdown timer, and the "Override Traffic Signal" button allows the 

user to manually switch either traffic signal. This screen’s layout and functionality ensure quick 

and efficient control of the traffic system.  
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3.4 System Functionalities 

 

 This section describes the core functionalities of the Portable Wireless Traffic Control 

System that empower the traffic warden to efficiently manage traffic signals and optimize the 

flow of vehicles. Table 3.3 below provides an overview of the key features of the system, 

designed to ensure smooth traffic control, manual override options, and synchronization 

between traffic signals in real-time. 

 

Table 3. 3 System functionalities for students 

System functionalities Description 

Manage Traffic Signal Status The system allows the warden to monitor and manage 

the status of Traffic Signal 1 and Traffic Signal 2. Each 

signal's status is displayed clearly on the mobile app, 

showing whether they are red, green, or yellow. 

Adjust Countdown Timer The Mobile App allows the warden to adjust the 

countdown timer for each traffic signal. This feature 

ensures that signal timings can be adjusted based on 

traffic flow, improving flexibility. 

Manual Override Control The warden can override the automatic sequence of 

traffic lights, providing manual control over the signals. 

For example, they can set both signals to red for special 

purposes, such as allowing emergency vehicles to pass. 

Synchronization of Traffic 

Signals 

The system ensures that Traffic Signal 1 (Master) and 

Traffic Signal 2 (Slave) remain synchronized. When 

one signal changes, the system automatically adjusts the 

other to maintain proper traffic flow. 

Start/Stop System The system can be started or stopped via the mobile 

app. This functionality is useful for maintenance or 

testing purposes. 

Real-Time Traffic Status 

Feedback 

The system continuously updates the Mobile App with 

real-time feedback about each signal’s current state 

(e.g., green or red). This allows the warden to stay 

informed about the operational status at all times. 
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3.5 Summary 

 

Chapter 3 provided a detailed analysis of the requirement gathering and system design 

for the Portable Wireless Traffic Control System for Partial Road Closures. In the requirement 

analysis phase, the system's user, hardware, software, functional, and non-functional 

requirements were outlined. Insights from surveys and interviews with traffic wardens and 

users guided the identification of key features, such as real-time traffic signal synchronization, 

manual override capabilities, and adjustable countdown timers. These features were deemed 

essential for the system's adaptability and efficiency in managing traffic during partial road 

closures. The hardware and software specifications were also discussed, focusing on the 

selection of components like ESP32 microcontrollers, infrared sensors, and a custom 

communication protocol to enable offline functionality and reliable synchronization. 

 

The design phase of the project included the creation of system architecture diagrams, 

flowcharts, block diagrams, context diagrams, sequence diagrams, and user interface designs. 

These visual elements provided a comprehensive blueprint for the system, demonstrating the 

interaction between hardware and software components. Notably, the system is designed for 

portability, offline operation, and ease of use through a mobile application that allows traffic 

wardens to monitor real-time traffic status, override signals, and adjust countdown timers. The 

design and user interface were aimed at ensuring the system's flexibility and practicality, 

particularly in rural or resource-limited environments where internet connectivity is 

unavailable. 

 

In summary, Chapter 3 established the system's functional framework and detailed its 

design elements, all of which are geared toward enhancing traffic safety and efficiency during 

temporary road closures. The integration of automation, real-time adaptability, and user-driven 

control ensures that the system can meet the operational needs of traffic wardens while 

addressing the challenges faced in rural and offline scenarios.  
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CHAPTER 4: SYSTEM IMPLEMENTATION 

4.1 Introduction 

 

This chapter explains the implementation phase of the Portable Wireless Traffic Control 

System for Partial Road Closures. It focuses on the development of both the hardware and 

software components that make up the system. The system consists of two ESP32 

microcontrollers, each responsible for controlling a set of traffic lights and detecting vehicle 

presence using ultrasonic sensors. A mobile application was also developed to monitor the real-

time status of the traffic system and provide remote override functionalities. 

The implementation process covers the setup of hardware modules, integration of LED 

traffic lights and ultrasonic sensors, development of the ESP32 software using the Arduino 

framework, and the design of a mobile application using Flutter. This chapter also details how 

the ESP32 devices communicate with each other wirelessly using ESP-NOW, while 

simultaneously hosting a SoftAP-based HTTP server for mobile app connectivity. 

 

4.2 System Overview 

 

The Portable Wireless Traffic Control System for Partial Road Closures is designed to 

manage temporary one-way traffic during road maintenance, emergencies, or partial closures. 

The system consists of two identical units—ESP32 A and ESP32 B—each equipped with an 

ultrasonic sensor, a 3-color LED traffic light, and a two-digit 7-segment countdown display. 

These two units communicate with each other over a low-power peer-to-peer protocol, ESP-

NOW, to coordinate traffic flow and prevent simultaneous green lights. 

 

Each ESP32 unit functions independently but synchronizes decisions based on the other 

unit's current state and sensor readings. When a vehicle is detected within a short distance (≤ 7 

cm), the unit requests control of the green light. Only one ESP32 is allowed to activate the 

green light at a time. To reinforce this safety mechanism, a default 3-second red buffer is 

applied before switching control from one ESP32 to the other. 
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A mobile application built with Flutter allows users to connect wirelessly to either 

ESP32 via Wi-Fi (SoftAP mode). Through this connection, users can monitor the system 

status in real time and issue control commands such as: 

• Emergency Shutdown: Immediately turns off all lights and disables system logic. 

• Force All Red: Forces both ESP32 units to show red light for safety or override 

purposes. 

• Duration of Green: Allows the user to set the minimum green light duration for 

active units. Available options include 10 seconds (default), 15s, 20s, 25s, and 30s. 

• Buffer Delay Control: Lets the user adjust the safety delay between one ESP32 

turning red and the other turning green. Available options include 3s (default), 5s, 

10s, and 15s. 

The communication between the mobile app and each ESP32 is handled via HTTP 

requests to a local web server hosted on the ESP32. Each ESP32 acts as a SoftAP, allowing a 

nearby mobile device to connect directly without needing an external Wi-Fi network. 

Figure 4.1 below illustrates the high-level architecture of the system, while Figure 4.2 

shows the photo of the physical prototype. 

 

 

Figure 4. 1 Block Diagram of the whole system 
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Figure 4. 2 Photo of real prototype 

 

 

Figure 4. 3 Screenshot of the Home Screen of the Mobile Application 
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4.3 Hardware Implementation 

 

4.3.1 Hardware Components 

 

The hardware components of the system involves two identical ESP32-based units 

(Unit A and Unit B), each responsible for monitoring vehicle presence and controlling a set of 

traffic lights. The components were directly connected without using a breadboard, and the 

entire system was powered by portable power banks, supporting mobility for roadside 

deployment. 

Each unit consists of the following components: 

• ESP32 Dev Module: Acts as the main controller, responsible for sensor reading, LED 

control, communication, and running a local HTTP server. 

• HC-SR04 Ultrasonic Sensor: Used to detect vehicles approaching the traffic control 

point. It measures the distance in real-time to determine the presence of a vehicle within 

a 7 cm range. 

• 3-Color LED Traffic Light (Red, Yellow, Green): Provides visual signals for traffic 

control, indicating stop, prepare, or go. 

• Two-digit 7-Segment Display (Common Cathode): Displays a countdown before 

switching to GREEN or YELLOW, offering a visual cue to approaching vehicles or 

road workers. 

• Traffic Light Module (Red Yellow Green): A compact module used for visual traffic 

control. Each LED is individually addressable and controlled by the ESP32 to represent 

STOP (Red), GET READY (Yellow) and GO (Green) states. 

 

All components were wired directly to the ESP32 pins using male-to-female jumper 

wires. The simplicity of the connection allows the system to be compact, portable, and quick 

to set up in a real-world partial road closure scenario.  
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Figure 4. 4 shows the actual prototype of one ESP32 unit with all hardware components 

assembled. 

 

4.3.2 Pin Configuration 

 

The table below shows the GPIO pin assignments used for connecting the ESP32 to all 

hardware components. Both ESP32 A and B use the same configuration for consistency and 

simplicity during deployment. 

 

Component Signal Name ESP32 GPIO Pin 

Ultrasonic Sensor (HC-

SR04) 

trigPin GPIO 33 

echoPin GPIO 32 

Traffic Light Module 

(LEDs) 

redPin GPIO 13 

yellowPin GPIO 12 

greenPin GPIO 14 

7-Segment Display – 

Segment A 
segmentPins[0] GPIO 16 
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7-Segment Display – 

Segment B 
segmentPins[1] GPIO 17 

7-Segment Display – 

Segment C 
segmentPins[2] GPIO 18 

7-Segment Display – 

Segment D 
segmentPins[3] GPIO 19 

7-Segment Display – 

Segment E 
segmentPins[4] GPIO 21 

7-Segment Display – 

Segment F 
segmentPins[5] GPIO 22 

7-Segment Display – 

Segment G 
segmentPins[6] GPIO 23 

7-Segment Display – Digit 1 digitPins[0] GPIO 2 

7-Segment Display – Digit 2 digitPins[1] GPIO 4 

 

Table 4. 1 ESP32 GPIO Pin Configuration 
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4.4 Software Implementation 

 

This section describes the software setup and implementation process for both the ESP32 

firmware and the mobile application. It includes the required development environments, 

software tools, libraries, and debugging methods. 

 

4.4.1 Arduino IDE Setup and Firmware Upload 

 

The ESP32 microcontrollers were programmed using the Arduino IDE. The setup process 

involved installing the board manager, relevant libraries, and configuring the board and port 

settings. 

Steps to Set Up Arduino IDE: 

1. Download and Install Arduino IDE - To begin the firmware development, the 

Arduino IDE was downloaded from the official Arduino website at 

https://www.arduino.cc/en/software. 

 

Figure 4. 5 illustrates the Arduino IDE download page 

 

 

 

https://www.arduino.cc/en/software
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2. Install ESP32 Board Support - To install support for the ESP32 board, the user must 

first open the Arduino IDE and navigate to File > Preferences. In the “Additional 

Board Manager URLs” field, the following URL is added: 

 

 

Figure 4. 6 shows the configuration of the ESP32 board URL in the Arduino IDE 

preferences. 

 

After adding the ESP32 board URL, the user navigates to Tools > Board > Boards 

Manager, searches for “ESP32”, and installs the ESP32 by Espressif Systems package. 

 

 

 

Figure 4. 7 shows the installation of the ESP32 board package via the Boards Manager. 
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3. Set the Board and COM Port - Once the board package is installed, the user selects 

ESP32 Dev Module from the Tools > Board menu. Then, under Tools > Port, the 

appropriate COM port corresponding to the connected ESP32 device is selected. 

 

Figure 4. 8 shows the Board and COM Port. 

 

4. Install Required Libraries - Next, the necessary libraries are installed using the 

Library Manager in the Arduino IDE. These include ESPAsyncWebServer, AsyncTCP, 

WiFi, and esp_now. These libraries enable network connectivity, asynchronous HTTP 

server handling, and peer-to-peer communication between ESP32 devices. 

 

 

Figure 4. 9 illustrates the installation of the required libraries using the Library Manager.  

 

5. Upload Code - After setting up the board and installing the necessary libraries, the 

ESP32 is connected to the computer via a USB cable. The user then clicks the Upload 

button in the Arduino IDE to compile and upload the code to the ESP32. 
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Figure 4. 10 shows the process of uploading the code to the ESP32 via the Arduino IDE. 

 

4.4.2 Flutter and Android Studio Setup 

 

To develop the mobile application, the Flutter SDK was used along with Android Studio as 

the integrated development environment (IDE). The following steps were followed to prepare 

the development environment: 

 

1. Install Flutter SDK - The Flutter SDK was downloaded and installed by following the 

official documentation at https://docs.flutter.dev/get-started/install. After installation, 

the command flutter doctor was executed in the terminal to verify that all dependencies 

were correctly configured. 
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Figure 4. 11 shows the Flutter installation verification using the flutter doctor command. 

 

2. Install Android Studio - Android Studio was installed from the official Android 

developer website at https://developer.android.com/studio. Once installed, the Flutter 

and Dart plugins were added by navigating to Settings > Plugins, searching for each 

plugin, and clicking Install. 

 

 

Figure 4. 12 shows the Flutter and Dart plugins installed within Android Studio. 

 

https://developer.android.com/studio
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3. Open the Flutter Project - After setting up the IDE, the user opened the existing 

Flutter project by selecting Open Project from the Android Studio welcome screen and 

navigating to the project folder. The project was then run using either an emulator or a 

physical Android tablet connected via USB. 

 

Figure 4. 13 shows the Flutter project loaded inside Android Studio. 

 

4. Install Flutter Dependencies - In order to run the app, several Flutter packages were 

included in the pubspec.yaml file, such as http, connectivity_plus, network_info_plus, 

and permission_handler. These packages were installed using the flutter pub get 

command in the terminal. 

 

Figure 4. 14 displays the terminal output when fetching the Flutter dependencies. 
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4.4.3 Serial Monitor for Debugging 

 

During development and testing, the Serial Monitor in the Arduino IDE played a 

critical role in debugging the ESP32 firmware. It allowed real-time observation of system 

behavior, sensor readings, state transitions, and communication between devices. 

 

To access the Serial Monitor, the user navigated to Tools > Serial Monitor within the 

Arduino IDE. The baud rate was set to 115200, which matches the value defined in the code 

using Serial.begin(115200);. 

 

 

 

Figure 4. 15 displays the terminal output when fetching the Flutter dependencies. 

 

The Serial Monitor was used to print out various debug messages. These included the 

current traffic light state (e.g., RED, GREEN, YELLOW), distance readings from the 

ultrasonic sensor, remaining countdown values, and messages received via ESP-NOW or 

HTTP. 

These logs were especially helpful in: 

• Verifying sensor detection accuracy 

• Confirming whether the correct countdowns were triggered 

• Identifying if any ESP-NOW message was dropped or duplicated 

• Ensuring only one ESP32 was in the GREEN state at any given time 

An example output is shown below: 
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Figure 4. 16 shows a sample debug output in the Serial Monitor during system testing 

 

By monitoring these outputs, issues could be identified and fixed more quickly during 

both the firmware development and system integration phases. 
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4.5 Communication Mechanism 

 

The communication mechanism in this system integrates two wireless protocols to ensure 

seamless coordination and control: 

• ESP-NOW is used for peer-to-peer communication between ESP32 A and ESP32 B. 

• HTTP (over Wi-Fi SoftAP) is used for communication between the mobile application 

and either ESP32. 

This dual-protocol approach ensures that both autonomous coordination and user-based manual 

override can function reliably and independently. 

 

4.5.1 ESP-NOW Communication (ESP32 to ESP32) 

 

ESP-NOW is a low-latency, connectionless, peer-to-peer protocol provided by Espressif. It 

allows ESP32 devices to exchange data directly without relying on Wi-Fi routers or external 

infrastructure. 

 

For this FYP Project, ESP32 A and ESP32 B use ESP-NOW to: 

• Send their current traffic light state 

• Share countdown values 

• Exchange distance sensor readings 

• Notify each other to trigger countdowns 

• Prevent simultaneous GREEN states 

 

Data is sent in a structured format every 500 milliseconds, and each ESP32 updates its peer 

status in real time. 
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Figure 4. 17 illustrates the ESP-NOW communication between ESP32 A and ESP32 B. 

 

To implement this communication, each ESP32 uses the esp_now_send() and 

OnDataRecv() functions. The data is structured using a struct_message object and sent at 

regular intervals. 

Below is a code snippet showing how data is transmitted via ESP-NOW: 

 

 

Figure 4. 18 ESP-NOW Struct Definition 
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Figure 4. 19 Function to Send ESP-NOW Data 

 

 

Figure 4. 20 Function to Receive ESP-NOW Data (Part of it) 
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Figure 4. 21 ESP-NOW Initialization and Peer Registration 

 

4.5.2 HTTP Server (ESP32 to Mobile App) 

 

Each ESP32 is configured as a Wi-Fi Soft Access Point (SoftAP). This means the ESP32 

creates its own Wi-Fi network, which the mobile app can connect to directly without needing 

a router or internet. 

 

Each ESP32 runs an asynchronous HTTP server using the ESPAsyncWebServer library. 

This server exposes several endpoints that allow the mobile app to: 

• Read current state and countdown (/status) 

• Trigger emergency shutdown (/emergency) 

• Force both units to RED (/forceAllRed) 

• Set minimum GREEN duration (/setMode) 

• Change buffer delay duration (/setBuffer) 

 

All data is transferred via standard HTTP GET and POST requests, and responses are 

formatted in JSON, making it easy for the mobile app to parse and display. 
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Figure 4. 22 Example of HTTP Communication Flow between Mobile App and ESP32 

 

 

Figure 4. 23 SoftAP Setup for HTTP Server 

 

 

Figure 4. 24. /status Endpoint for State and Countdown for ESP32A 
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Figure 4. 25/setMode Endpoint to Change Green Duration 

 

 

Figure 4. 26/emergency Endpoint for Shutdown Trigger 

 

 

Figure 4. 27/forceAllRed Endpoint to Stop All Traffic 
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Figure 4. 28 Starting the Server 

 

4.6 Traffic Light Logic and Control Flow 

 

4.6.1 Core Logic Highlights 

 

The traffic control system is based on a finite state machine shared between two ESP32 devices, 

each handling its own set of components (ultrasonic sensor, traffic light LEDs, and 7-segment 

display) while coordinating actions using ESP-NOW. The entire system is designed to ensure 

that only one ESP32 is GREEN at any time, with a buffer and synchronization logic for 

smooth transitions. 

 

1. Startup in RED State - At boot, both ESP32 units begin in the RED state. The red 

LED is turned on, and they remain in this state while continuously measuring vehicle 

distance using the ultrasonic sensor. 

 

 

Figure 4. 29 Startup Code for RED State Initialization 
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Figure 4. 30 Both ESP32 units showing RED at startup (real prototype photo) 

 

2. Vehicle Detection and Countdown Initiation - If a vehicle is detected (≤7 cm) while 

both units are RED, the one with priority (typically A) starts a 10-second countdown. 

The red LED begins blinking, and the 7-segment display shows the countdown. 

 

Figure 4. 31 Code Snippet for RED-to-GREEN Countdown Trigger on Vehicle Detection 
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Figure 4. 32 Countdown from RED to GREEN initiated (display shows 10s, blinking red 

LED) 

 

3. GREEN State and Minimum Duration - When countdown ends, the RED light turns 

off and the GREEN light activates. It stays GREEN for a minimum time (10s–30s) 

before transitioning. 

 

 

Figure 4. 33 Code for Transitioning from RED to GREEN After Countdown 
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Figure 4. 34 Traffic light turns GREEN after countdown (prototype photo) 

 

4. Triggering the Peer ESP32 - When GREEN countdown reaches 4s left, ESP32 A 

sends a triggerCountdown flag to ESP32 B to prepare its own RED-to-GREEN 

transition. 

 

 

 

Figure 4. 35 Code to Trigger Peer ESP32 to Begin Countdown (4 Seconds Remaining) 
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Figure 4. 36 Trigger sent to peer ESP32 (highlight on display showing 4) 

 

5. YELLOW Phase and Buffer Handling - After the GREEN period, the light enters 

YELLOW state for 3 seconds. After that, RED resumes — but the peer must wait a 

buffer period (e.g., 3s) before turning GREEN. 

 

 

Figure 4. 37 Code for Entering YELLOW State After GREEN Ends 
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Figure 4. 38 YELLOW state active (prototype photo) 

 

6. LED Blinking and Display Behavior - During countdowns, the active LED (RED or 

GREEN) blinks every 500ms, and the 7-segment display shows the timer. 

 

 

Figure 4. 39 Code Handling LED Blinking and Countdown Display Logic 
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Figure 4. 40 Blinking LED + countdown display during transition 1 

 

 

Figure 4. 41 Blinking LED + countdown display during transition 2 
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4.6.2 Main Loop Execution 

 

The loop() function acts as the central controller for the traffic light system, continuously 

managing tasks such as distance sensing, ESP-NOW data transmission, LED transitions, and 

countdown display updates. This loop ensures that the traffic light logic runs smoothly and in 

sync with the peer ESP32 unit. 

 

1. Periodic Distance Sensing and Data Transmission - Every 500 milliseconds, the 

system reads the distance from the HC-SR04 ultrasonic sensor and transmits the current 

state and other variables to the peer via ESP-NOW. 

 

Figure 4. 42 Code snippet of distance measurement and data transmission every 500 ms. 

 

To help with debugging and system validation, the current distance is also printed every 5 

seconds: 

 

Figure 4. 43 Code snippet for printing the measured distance to the serial monitor every 5 

seconds for debugging purposes. 
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2. Emergency Shutdown Handling - If either ESP32 detects an emergency shutdown 

(via the app or peer signal), the logic is halted immediately. All LEDs are turned off 

and display is disabled to indicate system halt. 

 

 

Figure 4. 44 Code snippet demonstrating how the system enters emergency shutdown mode 

and halts all traffic light operations. 

 

3. Force All RED Override Handling - This logic ensures that, when the user requests 

all traffic lights to be red (via the app), the system transitions safely, even if a GREEN 

state is in progress. 

 

 

 

Figure 4. 45 Code snippet handling override logic to force all traffic lights to RED for safety, 

including safe transition from GREEN. 
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4. RED State Logic: Transition to GREEN - If a vehicle is detected and both ESP32 

units are red (and conditions are safe), the system initiates a RED-to-GREEN 

countdown. 

 

 

 

Figure 4. 46 Code snippet showing logic for transitioning from RED to GREEN when vehicle 

is detected and conditions are met. 

 

5. GREEN State Logic: Transition to YELLOW - Once the minimum GREEN duration 

has passed and the peer detects a vehicle, the ESP32 transitions from GREEN to 

YELLOW. 

 

 

 

Figure 4. 47 Code snippet showing transition logic from GREEN to YELLOW based on 

minimum duration and peer sensor input. 

 

6. YELLOW State Logic: Transition to RED - The YELLOW state lasts for a fixed 

duration (e.g., 3 seconds), after which the system re-enters the RED state. 
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Figure 4. 48 Code snippet showing YELLOW-to-RED transition after a fixed delay, 

completing the full state cycle. 
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4.7 Mobile Application Logic 

 

The mobile application, built using Flutter, serves two primary functions: real-time monitoring 

and manual control of the ESP32-based traffic light system. It communicates with the ESP32’s 

built-in HTTP server using GET and POST requests. 

 

4.7.1 Mobile App Interface and Control Logic 

 

1. Fetching Real-Time Traffic Status - The app periodically polls the /status endpoint 

to retrieve the current state and countdown of both ESP32 A and B. 

 

 

Figure 4. 49 Code snippet showing how the app fetches traffic light status using an HTTP 

GET request to /status. 

 

Figure 4. 50 Screenshot of the home screen showing live status, countdown timers and 

override buttons for ESP32 A and B. 
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2. Control Features via HTTP POST - Users can send control commands to the ESP32 

using buttons in the app. Each button corresponds to a different endpoint. 

 

i. Duration of GREEN - The dropdown sends a POST request to adjust the 

minimum GREEN light duration. 

 

 

Figure 4. 51 Code snippet for sending the selected GREEN duration to the ESP32 via a POST 

request to /setMode. 

 

ii. Buffer Delay Control - (Similar logic to be implemented on the ESP32 to 

support this feature.) 

 

 

 

Figure 4. 52 Code snippet for configuring the buffer delay between RED and GREEN 

transitions. 
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iii. Force All RED - This button forces both ESP32 units to go into RED state 

immediately for emergency or manual override purposes. It sends a POST 

request to /forceAllRed with "enable": "true". 

 

 

Figure 4. 53 Code snippet for forcing all ESP32 lights to RED via the /forceAllRed endpoint. 

 

iv. Emergency Shutdown - Used in critical situations, this feature disables all 

LEDs and pauses the traffic system. It sends a POST request to /emergency with 

a passcode for security. 

 

 

Figure 4. 54 Code snippet for triggering emergency shutdown using a secure POST request to 

/emergency. 
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v. Restore System Power - After an emergency shutdown, this button reactivates 

the ESP32 system by sending a POST request to /powerOn. 

 

 

Figure 4. 55 Code snippet for restoring system power after an emergency shutdown. 

 

4.7.2 Connection Page  

 

Before accessing the traffic light system, users must first connect their mobile device to the 

ESP32's Soft Access Point (SoftAP) network. This is handled in the Connection Page of the 

Flutter app, which detects active Wi-Fi connections and validates the SSID prefix (e.g., 

"ESP32A"). 

 

The app uses the connectivity_plus, network_info_plus, and permission_handler packages 

to monitor Wi-Fi state and request necessary location permissions for Android devices. 

 

Below is a simplified code snippet used to retrieve the current Wi-Fi name: 
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Figure 4. 56 Code snippet used to retrieve the current Wi-Fi name 

 

The app checks if the device is connected to the correct SoftAP (e.g., "ESP32A" or 

“ESP32B”) and then allows access to the home screen: 

 

Figure 4. 57 Code snippet checking for SoftAP connection before allowing access to the 

control interface. 
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Figure 4. 58 Code snippet for restoring system power after an emergency shutdown. 

 

This validation ensures that control features are only available when the device is connected 

to the ESP32 network, preventing accidental usage on unrelated Wi-Fi connections. 
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CHAPTER 5: TESTING 

 

5.1 Introduction 

 

This chapter presents the testing and evaluation process of the developed Portable 

Wireless Traffic Control System for Partial Road Closures. The primary goal of the testing 

phase is to ensure that the system performs as intended in real-world scenarios, including 

communication between ESP32 units, accurate detection of vehicles, correct traffic light 

behavior, and responsiveness of the mobile application. 

 

Testing is divided into two categories: functional testing, which focuses on the 

system's core features and behavior, and non-functional testing, which evaluates aspects such 

as performance, reliability, and user interaction. These tests help identify any weaknesses or 

limitations while validating the system's stability and effectiveness in controlling vehicle flow 

at a controlled access point. 

 

5.2 System Testing 

 

To verify the reliability and functionality of the traffic control system, a series of tests 

were conducted on both the hardware and software components. These tests were carried out 

in a real-world prototype environment, where two ESP32 units, equipped with ultrasonic 

sensors and traffic light modules, communicated using ESP-NOW while simultaneously being 

monitored and controlled through a Flutter-based mobile application. Testing was categorized 

into two main areas: 

 

• Functional Testing: Focuses on validating that each feature of the system works as 

expected, including vehicle detection, traffic light transitions, inter-device 

coordination, and mobile app controls (such as emergency shutdown and mode 

switching). 

• Non-Functional Testing: Focuses on evaluating performance metrics like 

communication delay, system responsiveness, reliability over extended periods, and 

user interaction experience through the mobile interface. 
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Each test scenario was designed to simulate realistic usage, including simultaneous vehicle detection, emergency overrides, and power 

resets. The results from these tests serve to demonstrate the system's readiness for practical deployment in low-traffic or partially closed road 

environments. 

 

5.2.1 Functional Testing 

 

Functional testing was carried out to validate the core behavior of the system. The following key functions were tested using real-time 

observation, serial monitoring, and the mobile application interface: 

 

Table 5. 1 Functional Testing Results 

Test Case Description Steps Expected Result Success Fail 

TC1 
Vehicle Detection 

Triggers Countdown 

1. Place object ≤ 7 

cm 

2. Ensure both units 

are RED 

3. Watch countdown 

ESP32 starts 10s 

countdown, then goes 

GREEN 

   

TC2 
No Simultaneous 

GREEN States 

1. Make ESP32 A 

GREEN 

2. Place object near B 

ESP32 B stays RED 

until A fully 

completes 

  
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TC3 
Coordinated Peer 

Triggering 

1. Let A run 

countdown 

2. Observe B 

B starts countdown 

when A reaches 4s 

remaining 

  

TC4 
Emergency 

Shutdown from App 

1. Tap “Emergency” 

in app 

Both units turn off 

and logic halts 
  

TC5 

Mode Switching 

Changes Green 

Duration 

1. Set mode to 30s in 

app 

GREEN lasts at least 

30s before switching 
  

TC6 
Force All RED from 

App 

1. Tap “Force All 

RED” in app 

Both systems move 

to RED after current 

cycle 

  

TC7 
Distance Sensor 

Accuracy 

1. Move object to 7 

cm 

2. Read monitor 

Distance triggers 

countdown around ≤ 

7 cm 

 

  

TC8 App Status Accuracy 
1. Trigger countdown 

2. Watch app 

App shows correct 

state/countdown in 

real-time 

  
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5.2.2 Non-Functional Testing 

 

Non-functional testing focuses on evaluating the performance, usability, and reliability of the system under various conditions. While the 

system's core logic was tested functionally, the following non-functional aspects were also assessed: 

Table 5. 2 Non-Functional Testing Results 

Test Type Objective Result Summary Tested 

A. Performance 
Ensure both ESP32 units operate in sync and 

communicate efficiently. 

ESP-NOW messages exchanged reliably every 500ms; 

countdowns and buffer delays executed with no 

noticeable lag. 

 

B. Usability 
Determine if users can easily interact with the 

mobile app. 

Brief tests with peers confirmed the interface is 

intuitive. Users easily controlled traffic lights and 

understood app functions. 

 

C. Reliability 
Validate system stability during extended 

operation. 

System ran for over an hour without failure. Repeated 

emergency triggers and mode switches handled without 

issues. 

 

D. Compatibility 
Check app functionality across different 

Android devices. 

Tested on multiple Android phones (Android 10+); all 

worked without display or connectivity problems. 
 
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E. Maintainability 
Assess ease of debugging and future 

maintenance. 

Serial Monitor and debug messages allowed easy 

tracking of traffic states, countdowns, and logic flow, 

simplifying bug-fixing. 

 

 

5.3 Summary 

 

This chapter detailed the testing procedures carried out to evaluate the overall performance and reliability of the system. Functional testing 

verified that all major features — including traffic light coordination, countdown display, and mobile control — operated as intended. Non-

functional testing further confirmed that the system met key attributes such as usability, performance, and stability across different devices and 

conditions. All tests yielded successful results, indicating that the portable wireless traffic control system performs effectively and is ready for 

deployment in real-world scenarios. 
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CHAPTER 6: CONCLUSION AND FUTURE WORK 

 

6.1 Introduction 

 

This chapter presents a summary of the overall project, highlighting the major 

accomplishments, encountered limitations, and suggestions for future enhancements. It 

provides a reflection on the development journey of the portable wireless traffic control system 

and evaluates how the system meets its intended objectives in real-world applications. 

 

6.2 Achievements 

 

The project successfully achieved its primary objective of designing and developing a 

portable wireless traffic control system for partial road closures using two ESP32 modules. 

The system demonstrated synchronized traffic light behaviour, real-time sensor-based 

decision-making, and remote manual control through a mobile application. The table below 

summarizes how each key objective was successfully met: 

Table 6. 1 Summary of Project Objectives and Corresponding Achievements 

Objective Achievement 

1. To develop a portable traffic control 

system with two temporary traffic signals 

that communicate wirelessly to synchronize 

operations for managing traffic during 

partial road closures. 

Successfully developed two ESP32-based 

traffic light units that communicate 

wirelessly using ESP-NOW. The system 

operates fully without physical cabling and 

maintains strict coordination to avoid 

simultaneous green signals. 

2. To design and implement a controlled 

communication protocol for reliable and 

consistent data exchange between the traffic 

lights, ensuring synchronization based on 

real-time traffic conditions. 

Implemented a custom communication 

protocol using ESP-NOW, with structured 

data packets, peer state tracking, message 

IDs, and sensor-based triggers. System 

accurately responds to real-time vehicle 

detection and synchronizes countdowns 

between both units. 
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3. To create a mobile application that 

provides manual control capabilities, 

allowing traffic wardens to override 

automated operations and adapt to varying 

traffic situations. 

A functional Flutter-based mobile app was 

developed. It allows users to view live 

system status and send override commands 

such as emergency shutdown, force all-red, 

and mode switching for different traffic 

patterns. 

 
6.3 Problems Encountered 

 

Throughout the development of the system, several technical and practical challenges 

were encountered. Although they were mostly resolved, they highlighted the limitations of the 

current prototype: 

 

1. ESP-NOW Message Timing Conflicts - At shorter communication intervals (e.g., 

500ms), the ESP32 units occasionally experienced delayed or missed messages, 

causing synchronization issues between the two traffic lights. This required fine-tuning 

of message intervals and the introduction of message IDs and debounce logic. 

 

2. Simultaneous Detection Conflicts - During startup or when both sensors detected 

vehicles at the same time, both ESP32s initially attempted to claim the GREEN state. 

This was resolved by prioritizing ESP32 A in the logic, but the system still depends on 

proper timing for consistent coordination. 

 

 

 

3. Unstable Countdown Skipping - There were cases where one ESP32 skipped its RED-

to-GREEN countdown and went straight to GREEN. Fixes included adding trigger 

validation, hasReceivedTrigger flags, and debounce delays to ensure safe state 

transitions. 
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4. Ultrasonic Sensor Interference - In certain placements or environmental conditions, 

ultrasonic sensor readings fluctuated due to reflective surfaces or poor alignment. This 

was minimized by setting a valid distance range and using default fallback values. 

 

5. No Real-Time Cloud Connectivity - While the system supports real-time monitoring 

via a local mobile app, it does not currently support remote cloud-based control or 

logging due to the limitations of SoftAP mode without internet routing. 

 

 

 

6. No Hardware Debouncing or Protection - The system does not include hardware-

level resistors, debounce circuits, or electrical protections. Long-term durability may 

be affected if deployed in harsh environments without proper shielding. 

 

6.4 Future Work 

 

To further enhance the system’s usability, reliability, and deployment potential, the 

following improvements are suggested: 

 

1. Cloud-Based Remote Control and Monitoring - Future versions can integrate 

internet connectivity to enable real-time traffic control and monitoring through a cloud 

platform, making it accessible beyond local Wi-Fi range. 

 

2. Solar Power Integration - Adding solar panels with battery management would allow 

the system to operate independently outdoors, especially useful in remote or rural road 

closure scenarios. 

 

3. Support for Multi-Junction Traffic Control - Expand the system to support more 

than two ESP32 units for managing larger or more complex traffic environments, 

ensuring synchronized control across multiple intersections. 
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6.5 Summary 

 

This chapter presented a comprehensive overview of the project's results, including its 

main accomplishments, the challenges encountered, and possible areas for future improvement. 

The system successfully demonstrated a portable, wireless traffic control solution using ESP32 

microcontrollers, ultrasonic sensors, and a mobile application for real-time monitoring and 

manual override. While the system met its primary objectives, several limitations were 

identified, such as synchronization conflicts, sensor reliability, and lack of internet 

connectivity. Nonetheless, the proposed enhancements outlined in the future work section 

show promising potential for expanding the system into a more robust, scalable, and field-

ready solution. 
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