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Abbreviations

Abbreviation Meaning

V2V Vehicle-to-Vehicle

V2I Vehicle-to-Infrastructure

IoT Internet of Things

RFID Radio Frequency Identification

DSRC Dedicated Short Range Communications

Wi-Fi Wireless Fidelity

LCD Liquid Crystal Display

ESP32 Microcontroller by Espressif

UHF Ultra High Frequency

HF High Frequency

LF Low Frequency

UART Universal Asynchronous Receiver-Transmitter

ADC Analog-to-Digital Converter

API Application Programming Interface

IDE Integrated Development Environment

GND Ground

VCC Voltage Common Collector

WPA Wi-Fi Protected Access

Table 1: List of Abbreviations
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Abstract

This project presents a comprehensive, IoT-integrated vehicle monitoring and alert system designed

to enhance road safety and driver assistance through real-time data processing and non-blocking,

responsive mechanisms. Utilizing a combination of sensors, the system continuously monitors po-

tential obstacles, crash events and vehicle location. An ultrasonic sensor dynamically tracks distances

to nearby objects, alerting the driver in cases of close proximity to enhance collision prevention. Ad-

ditionally, a crash sensor promptly detects accidents, triggering immediate handling routines while

simultaneously allowing ongoing monitoring of other system functions.

The system leverages Firebase for cloud-based data storage, facilitating seamless data retrieval and

communication across devices. Key features include RFID-based vehicle location identification,

enabling precise and automated selection of a vehicle’s current location, remote crash alerts and

real-time vehicle diagnostics accessible via Bluetooth commands. An LCD interface enhances user

interaction, displaying status updates and notifications, while the system architecture incorporates

non-blocking delay functions to ensure high responsiveness and concurrent operation of multiple

sensors.

Overall, this project combines robust IoT infrastructure with real-time data handling to create a re-

sponsive and reliable vehicle monitoring system that aims to improve driver safety and support pre-

ventive measures against road incidents. This smart vehicle system not only exemplifies an efficient

use of IoT in transportation but also offers a scalable solution adaptable for future advancements in

automotive safety and automation.
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Chapter 1

Introduction

1.1 Overview

This project aims to develop a V2V (Vehicle-to-Vehicle) and V2I (Vehicle-to-Infrastructure) com-

munication system to enhance road safety, traffic efficiency and management. By enabling real-time

data exchange, the system helps prevent accidents, optimize traffic flow and provide timely updates

to drivers.

1.2 Motivations

The project leverages V2V and V2I communication technologies to improve transportation safety

and efficiency. Real-time data exchange allows for proactive accident prevention, reduced congestion

and better traffic management. This approach can significantly enhance road navigation, leading to a

smarter and more sustainable transportation system.

1.3 Problem Statement

Current traffic systems face challenges such as frequent accidents, congestion and inefficient emer-

gency response. These issues arise due to the lack of proactive collision avoidance, poor traffic man-

agement and limited real-time updates. A robust V2V and V2I communication system can address

these problems by enhancing road safety, optimizing traffic flow and improving driver awareness.

Effective implementation of this technology is crucial for reducing accidents and ensuring a more

efficient transportation network.
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1.4. OBJECTIVES

1.4 Objectives

• Enhance road safety through real-time exchange of information between vehicles and infras-

tructure.

• Improve traffic flow and congestion management by optimizing communication and coordina-

tion among vehicles.

• Reduce accidents, injuries and fatalities by enabling proactive hazard detection and warning

systems.

• Facilitate a rapid and efficient emergency response through direct communication between ve-

hicles involved in accidents and emergency services stations.

1.5 Requirements

1.5.1 Functional Requirements

• Vehicle Detection and Collision Avoidance System: Implement a system to detect nearby

vehicles and provide alerts to drivers using distance measuring sensors .

• Communication System: The system must enable seamless communication between vehicles

and infrastructure components, such as traffic lights, using a WiFi-based communication model

and cloud. This connectivity facilitates real-time data exchange to improve traffic flow, enhance

road safety and support cooperative vehicle-infrastructure interactions.

• Emergency Vehicle Detection: Implement a basic mechanism to detect emergency vehicles

and prioritize their passage through traffic.

• Data Processing and Storage (Cloud): Implement basic data processing and storage capabil-

ities to handle vehicle data and communication logs.

12



1.6. LIMITATIONS

1.5.2 Non-Functional Requirements

• System Reliability: Ensure basic reliability of the system to operate effectively under normal

conditions.

• Stable communication system: Ensure that the system supports real-time data transfer and

operates without delay in critical cases.

• System scalability: The performance of a system must not be affected by increasing the num-

ber of cars.

• System security: The system such as the cloud must be protected against unauthorized use.

• Real-Time Responsiveness: The communication system must provide real-time data exchange

with minimal latency to ensure timely interactions between vehicles and infrastructure. Addi-

tionally, the system should achieve low response times to facilitate smooth traffic management

and immediate safety responses.

1.6 Limitations

• Environmental Factors: Sensor performance, including ultrasonic and infrared sensors, may

be impacted by adverse weather conditions like rain, fog, or extreme temperatures, potentially

affecting obstacle detection accuracy.

• Technology Dependency: The effectiveness of the V2V and V2I communication systems

may be limited by the availability and reliability of underlying technologies such as sensors

and cloud-based infrastructure.

• Components cost: Budget constraints restrict our choice of components, leading to more af-

fordable but potentially less efficient options, which may impact system performance and reli-

ability.
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1.7 System Description

The proposed V2V and V2I communication system consists of several key components

• Vehicle Sensors: Sensors are utilized for real-time detection of surrounding vehicles, obsta-

cles, accident detection and road conditions.

• Microcontrollers: Microcontrollers manage data aggregation, communication protocols and

control algorithms within vehicles.

• Cloud-based Communication: Cloud-based platforms enable secure and scalable data ex-

change between vehicles, infrastructure elements and centralized servers, facilitating real-time

updates and coordination.

• Infrastructure Components: Infrastructure elements such as traffic lights equipped with com-

munication modules to transmit critical information to vehicles.

1.8 Project Time Line

Task No. Task Name Duration (Weeks)

1. Project planning 4

2. Determination project requirements 4

3. Project design and analyzing 8

4. Project development 10

5. Project testing and maintenance 4

6. Documentation 28

Table 1.1: Project Tasks and Durations.
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1.9 Report Outline

This report is organized as follows: Chapter 2 introduces some literature review including available

technologies and related projects. It also goes briefly over the theoretical background of the project,

hardware and software components. Chapter 3 discusses the conceptual design of the system, block

diagrams, flowcharts and detailed hardware connections. Chapter 4 discusses the hardware and soft-

ware implementations of the project. Chapter 5 shows the testing process which is made until we

reach the final system design. Finally, Chapter 6 presents the final results of the project, future works

and conclusion.
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Chapter 2

Background and Literature Review

2.1 Overview

This chapter provides a general overview of the theoretical foundation of the project, including a

literature review.

2.2 Theoretical Background

In this section, we will provide an overview and discuss the technologies and techniques that will be

used in this project.

RFID (Radio-frequency identification )

Radio Frequency Identification (RFID) is a wireless technology that uses electromagnetic fields to

identify and track tags on objects. An RFID system includes tags (which can be passive, active, or

semi-passive), readers and antennas. Readers emit radio signals to activate tags, which respond by

transmitting data back for applications such as inventory tracking or access control.

RFID operates across various frequency bands, each suited to specific applications. For example,

Low Frequency (LF) bands are used for animal tracking and access control, High Frequency (HF)

bands (like 13.56 MHz, used in this project) are common for smart cards and secure data trans-

fer, Ultra-High Frequency (UHF) bands support inventory management and logistics and Microwave

bands are utilized for industrial applications such as toll collection.

The versatility of RFID supports applications in many fields. It enhances inventory accuracy and

theft prevention in supply chains, enables automated checkout in retail, supports patient and equip-

ment tracking in healthcare and improves asset management across sectors, enhancing operational

efficiency and security [1].

16



2.2. THEORETICAL BACKGROUND

Firebase Realtime Database

Firebase Realtime Database is a cloud-hosted NoSQL database that allows data to be stored and syn-

chronized across clients in real time. It employs a JSON-based data structure, making it efficient for

applications requiring live updates, such as chat apps or collaborative tools. Changes to the database

are automatically propagated to connected clients, ensuring data consistency across platforms. Its

serverless architecture reduces the need for backend management, enabling developers to focus on

application logic. This makes Firebase Realtime Database a popular choice for real-time and scalable

applications [2].

Internet of Things (IoT)

The Internet of Things (IoT) is a technological paradigm that enables physical devices to connect,

communicate and exchange data over the internet. These devices, embedded with sensors, actuators

and communication modules, can collect and transmit real-time information, facilitating automation

and intelligent decision-making. IoT has revolutionized multiple industries, including healthcare,

agriculture, smart homes and transportation.

In the field of transportation and intelligent mobility, IoT plays a vital role in enhancing road safety,

optimizing traffic flow and improving the overall driving experience. By enabling connectivity be-

tween vehicles (V2V) and between vehicles and infrastructure (V2I), IoT allows for the seamless

exchange of data related to traffic conditions, road hazards, weather updates and emergency alerts.

[3].
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2.3 Literature Review

In this section, we’ll highlight previously proposed products and projects similar to this one, offering

valuable points of view and ideas for our project.

2.3.1 V2V and V2I Communication in a Heterogeneous Wireless Network

• Description

This project focuses on evaluating the performance of integrated Vehicle-to-Vehicle (V2V)

and Vehicle-to-Infrastructure (V2I) communication in heterogeneous wireless networks. The

goal is to improve traffic management, enhance safety, and reduce delays by enabling efficient

communication between vehicles and infrastructure. Using advanced wireless technologies,

the system facilitates real-time information exchange [4].

• Methods and Technologies Used in the Project:

– DSRC (Dedicated Short-Range Communications): A core technology for short-range

communication between vehicles.

– Wi-Fi: To extend the communication range and increase flexibility.

– LTE: To connect vehicles to the infrastructure using cellular networks.

2.3.2 Vehicle To Vehicle Communication

• Description

The main objective of this system is to enable vehicles to exchange real-time data for colli-

sion avoidance using Dedicated Short Range Communication (DSRC). DSRC allows vehicles

to communicate with each other over short distances, providing critical information such as

speed, location and braking status. Additionally, infrared communication is used to detect po-

tential collisions, especially during emergency braking scenarios, helping to prevent accidents

by providing accurate distance measurements. The system also utilizes a low-power wireless

transceiver, which ensures 360-degree information sharing between vehicles, allowing them to

exchange data from all directions while maintaining energy efficiency [5].
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• Methods and Technologies Used in the Project:

– Infrared Communication: Used for detecting potential collisions and measuring accu-

rate distances during emergency braking scenarios.

– Real-Time Data Exchange Algorithms: Algorithms designed to process and transmit

critical data such as vehicle speed, position and braking status instantaneously.

2.3.3 The Future of Driving: How V2V and V2I Communications Are Paving

the Way

• Description

This project focuses on developing an Intelligent Traffic System (ITS) by integrating Vehicle-

to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communication technologies. The objec-

tive is to enhance road safety, optimize traffic flow and improve urban mobility by leveraging

real-time data exchange between vehicles and infrastructure [6].

• Methods and Technologies Used in the Project:

– Smart Infrastructure Integration: Incorporates intelligent traffic signals and road signs

capable of communicating with vehicles to provide real-time updates on traffic conditions

and hazards.

– Data Analytics: Collects and analyzes traffic data to optimize traffic flow, reduce con-

gestion and enhance overall urban mobility.

– Smart Infrastructure Integration: Incorporates intelligent traffic signals and road signs

capable of communicating with vehicles to provide real-time updates on traffic conditions

and hazards.

– Data Analytics: Collects and analyzes traffic data to optimize traffic flow, reduce con-

gestion and enhance overall urban mobility.

The table below highlights the key features and limitations of the previously implemented projects.
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Project Name Features Limitations

V2V and V2I Communication in a
Heterogeneous Wireless Network

• The combination of
DSRC, Wi-Fi, and LTE
enhances
communication
efficiency.

• The project supports
applications such as
early collision
warnings and
hazardous zones.

• DSRC technology has
limited bandwidth,
which restricts its use
in dense traffic
scenarios with many
vehicles.

• Interference between
different technologies
affects communication
quality and reliability.

Vehicle To Vehicle Communication

• 360-degree situational
awareness.

• The system uses
infrared
communication to
detect potential
collisions.

• Affected by
environmental factors
(e.g., fog, rain).

• Range and bandwidth
limitations of the
low-power transceiver.

The Future of Driving: How V2V
and V2I Communications Are

Paving the Way

• Real-time data
exchange.

• Collision prevention.

• Security and privacy
concerns.

• Challenges in
technological
adaptation for older
vehicles.

Table 2.1: List of Features and Limitations of Previous Projects.

Our project differs from the previously mentioned projects by utilizing a cloud-based communication

model as a mediator to enable seamless V2V and V2I interactions. While the earlier projects focus on

specific communication technologies like DSRC and LTE, our system focus with cloud-based data

processing to enhance scalability, reliability, and real-time responsiveness. Unlike projects limited

to local communication, our system facilitates centralized data storage and processing, enabling ad-

vanced features like emergency vehicle prioritization, optimized traffic management and accidents

alert. Additionally, our approach emphasizes cost-effective components and addresses critical non-

functional requirements such as system reliability, scalability and security, setting it apart as a com-
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prehensive and practical solution for modern traffic safety and efficiency challenges.

21



Chapter 3

Design

3.1 Overview

This chapter discusses the overall design of the system and the way its components are integrated

together, showing the block diagram and schematic diagram for the design, in addition to some

details about the scenarios we are going to implement. Additionally, it offers a brief overview of the

hardware and software components used within the system.

3.2 Components

3.2.1 Hardware

Vehicle Components

represent the basic part for the project and each car has a set of components include:

• DC Motors: Enable movement.

Figure 3.1: DC Motor [7].

• Motor Driver: A motor driver is an electronic component or module that controls the speed,

direction and operation of an electric motor. It acts as an interface between a microcontroller

or control system and the DC motor, translating control signals into precise motor movements.

Motor drivers are essential in robotics, automation and vehicle applications where precise mo-

tor control is required. This driver has many pins, power supply pins (12V, 5V), Ground pins,
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Output pins (OUT1,OUT2,OUT3,OUT4) and control pins, input pins (IN1, IN2,IN3,IN4) and

enable pins (ENA, ENB).

Figure 3.2: Motor Driver [8].

• Power Bank: Provide electrical power with a 10,000mAh capacity to the vehicle’s systems,

including the motors and onboard electronics.

Figure 3.3: Power Bank [9].

• ESP32 Microcontroller: The ESP32 is a dual-core microcontroller chip developed by Espres-

sif Systems, equipped with Wi-Fi and Bluetooth connectivity, making it suitable for IoT (In-

ternet of Things) and wireless communication applications. It features a rich set of periph-

eral interfaces, including GPIOs (General Purpose Input/Output), ADC (Analog-to-Digital

Converter), SPI (Serial Peripheral Interface), I2C (Inter-Integrated Circuit), UART (Univer-

sal Asynchronous Receiver-Transmitter) and more.

ESP32 is a versatile microcontroller that plays a crucial role in V2V (Vehicle-to-Vehicle) and

V2I (Vehicle-to-Infrastructure) communication systems due to its capabilities in wireless com-

munication, data processing and interfacing with various sensors and peripherals.
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Figure 3.4: ESP32 Microcontroller [10].

Development
Board

Number
of cores Connectivity

Power
consump-

tion
Price

Number
of

GPIO
RAM

ESP32 2
Wifi,

Bluetooth
low 20$ 38 512KB

ESP8266 1 Wifi low 2-5$ 17 160KB

Arduino uno
R3

1 NO low 4-10$ 14 2KB

Table 3.1: Comparison Between ESP32 and Other Microcontrollers.

We choose this microcontroller instead of other microcontrollers because this development board is

mainly designed for cost-effective, power-efficient and simple IoT-based applications because of in-

tegrated Wi-Fi and Bluetooth.

• Crash sensor: The crash sensor detects the collision and converts it to usable signals within

milliseconds. The speeding-up forces acting on the sensors after a collision are high. For

example, When a car is stopped abruptly by an impact, all bodies or objects that are not firmly

fixed to the car will continue to move at the impact speed.

This sensor has three pins : VCC pin for power supply and GND pin and signal pin that provides

the analog or digital output signal indicating the detected impact intensity or collision.
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Figure 3.5: Crash Sensor [11].

• Ultrasonic sensor HC-SR04: The HC-SR04 ultrasonic sensor uses sonar to determine the

distance to an object. This sensor reads from 2 cm to 400 cm (0.8 inch to 157 inch) with an

accuracy of 0.3 cm (0.1inches), which is good for most hobbyist projects. In addition, this

particular module comes with ultrasonic transmitter and receiver modules.

Ultrasonic sensors operate by emitting high-frequency sound waves, which are inaudible to

humans. These waves travel through the air until they encounter an object, at which point they

bounce back to the sensor.

The sensor then calculates the time it takes for the waves to return, using this information to

determine the distance to the object. This process is based on the principle of echolocation,

similar to how bats navigate. Ultrasonic sensors are commonly used in various applications

due to their accuracy, reliability and ability to work in various environmental conditions.

Figure 3.6: Ultrasonic Sensor [12].

• RFID Reader: The RFID Reader RC522 is a widely-used module for reading and writing

data to RFID tags, operating at 13.56 MHz. It is based on the MFRC522 chip from NXP and

supports communication interfaces like SPI, I2C, and UART, making it compatible with mi-

crocontrollers such as Arduino and ESP32. Operating at 3.3V, the RC522 often includes level
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shifters to work with 5V systems and features a built-in antenna for straightforward integration.

The RC522 is cost-effective, making it ideal for hobbyist and commercial use. Its compact de-

sign allows for easy incorporation into various projects, providing a reading distance of 2-5 cm

and a data transfer rate of up to 10 Mbit/s. Its versatility allows it to work with a wide range of

RFID tags and MIFARE cards.

Figure 3.7: RFID Reader [13].

• LCD 16×2 : An LCD screen is an electronic display module that uses liquid crystal to produce

a visible image. The 16×2 LCD display is a very basic module commonly used in DIYs and

circuits. The 16×2 translates a display of 16 characters per line in 2 such lines. In this LCD,

each character is displayed in a 5×7 pixel matrix.

Figure 3.8: 16×2 LCD Display [14].

• Buzzer: An electronic component that generates sound through the transmission of electrical

signals. Its primary function is to provide an audible alert or notification and typically operates

within a voltage range of 5V to 12V.
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Figure 3.9: Buzzer [15].

• Push Button: The push button is a simple input device that triggers an action or event when

pressed. In this project, it serves as a manual control mechanism, allowing users to initiate

specific functions or emergency overrides within the traffic control system. This inclusion pro-

vides a straightforward way to interact with the system, ensuring quick and reliable human

intervention when necessary.

Figure 3.10: Push Button [16].

Infastructure Components

• Traffic Light: Represents the status of traffic control at intersections. Receives signals from

emergency vehicles to adjust light timings. Facilitates smooth traffic flow and prioritizes emer-

gency vehicle passage by changing light signals accordingly.

Figure 3.11: Traffic Light [17].
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Component Component
Used

Alternative 1 Alternative 2 Reasoning

Microcontroller ESP32 Arduino Mega
2560

Raspberry Pi
Pico

Built-in Wi-Fi/Bluetooth,
powerful dual-core processor
and cost-effective compared to
others.

Motor Driver L298N TB6612FNG DRV8833 Reliable and widely available,
with enough current handling
for basic motor control tasks.

Buzzer Piezo Buzzer Active Buzzer
Module

Passive
Buzzer
Module

Simple to integrate, easy to
control directly from the
microcontroller and
cost-efficient.

LCD Display LCD 16x2 OLED-
Display
128x64

LCD 20x4 Readily available, easy to use
with most microcontrollers and
provides adequate space for
basic data.

Ultrasonic
Sensor

HC-SR04 JSN-SR04T Parallax Ping Economical, reliable for short
distances and easy to program
with Arduino/ESP32.

Crash Sensor Limit Switch Vibration
Sensor
Module

Force
Sensitive
Resistor

Simple mechanical structure,
highly reliable for detecting
physical contact and
cost-effective.

RFID Reader RC522 RV522 PN532 Robust, supports multiple card
types and has reliable range and
performance.

Traffic Lights LED Arrays Smart RGB
LEDs

Individual
LEDs

Easy to control, bright and can
be customized for standard
traffic signals with minimal
wiring.

Power Supply Power Bank Li-ion Battery
Pack

Portable
Generator

Portable, reliable for on-the-go
projects and easy to recharge,
making it versatile for outdoor
use.

Table 3.2: Comparison of Hardware Components with Alternatives and Reasoning.
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3.2.2 Software

• Arduino IDE

The Arduino Integrated Development Environment (IDE) is a software tool designed for writ-

ing, compiling, and uploading code to Arduino microcontroller boards. It simplifies code de-

velopment by providing a user-friendly interface with built-in libraries and functions. The IDE

allows developers to write code in the Arduino programming language (based on C and C++),

compile it into machine-readable instructions and upload it to Arduino boards via USB or other

interfaces. Key features include code editing, syntax checking, hardware configuration, serial

communication monitoring, and library management. Overall, the Arduino IDE streamlines

the development process for Arduino-based projects, making it accessible to beginners and ex-

perienced programmers alike.

• C Language

The C programming language is essential for implementing the core functionalities of V2V

systems, including microcontroller programming, algorithm development, hardware interac-

tion, resource optimization and platform compatibility. Its versatility and efficiency make it a

preferred choice for embedded software development in automotive and IoT applications.

• Firebase for Cloud Integration

Firebase, developed by Google, is a cloud platform offering real-time databases, cloud func-

tions and seamless integration with various platforms. It is designed for real-time data synchro-

nization and scalable application support.

In our project, the cloud will serve several key functions : data processing, data collection, act-

ing as an intermediary for V2V and V2I communication and monitoring system performance.

We chose Firebase because it provides real-time updates, ensuring instant data synchroniza-

tion for accident alerts and traffic light changes. Its seamless integration with IoT devices

like ESP8266 and ESP32 simplifies the development process. Moreover, Firebase is highly

scalable, allowing us to handle increased data loads efficiently. It also offers a cost-effective
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solution, with a free tier for development.

• React Library

A React library for building an interactive dashboard that takes real-time data from Firebase

Realtime Database. The goal of this dashboard is to display data in an easy and user-friendly

way.

One of the main reasons to use React over other libraries is the fast interaction and high flexi-

bility it provides, thanks to the Virtual DOM model. This model allows React to update small

parts of the user interface without having to reload the entire page, which improves application

performance and increases the speed of interaction with the user.

3.3 Detailed Design

V2V System (Vehicles Communicate with Each Other Through Cloud)

The vehicle communication system relies on the ESP32 microcontroller as the central unit for con-

necting with the cloud. The communication between vehicles occurs through the cloud in two direc-

tions:

• Data Upload (Vehicle to Cloud): The vehicle collects data from sensors such as crash sensors

and RFID and uploads this data to the cloud to share critical information like accidents or road

conditions.

• Data Download (Cloud to Vehicle): The vehicle receives updates from the cloud, including

emergency alerts such as accidents or obstacles on the road, helping the vehicle make real-time

decisions to improve safety and reduce risks.

V2I System (Vehicles Communicate with Traffic Infrastructure Through Cloud)

In the V2I system, the traffic infrastructure is equipped with traffic lights controlled by an ESP32

microcontroller. The microcontroller communicates with the cloud to receive real-time data, process

it and adjust the traffic signals accordingly.

The traffic lights are managed by control circuits that change the signals (red, yellow, green) based on

instructions received from the cloud. The timing and duration of these signals are adjusted according
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to traffic conditions, data from vehicles and emergency vehicle prioritization.

The cloud platform serves as the central system for processing and managing data from various

sources, including vehicles and emergency services. It uses this data to make decisions that optimize

traffic management, such as modifying traffic light signals to give priority to emergency vehicles.

Figure 3.12: Conceptual Diagram of V2V and V2I Communication System.

3.4 Block Diagrams

The vehicle system includes several key components. The ESP32 Microcontroller serves as the cen-

tral processing unit. An Ultrasonic Sensor at the front detects and measures the distance to nearby

objects using high-frequency sound waves, crucial for collision avoidance. A Crash Sensor detects

collisions by measuring sudden deceleration. The Buzzer, near the central control unit, provides au-

dible alerts to the driver. The LCD displays the messages and notifications to the driver .The RFID

Reader reads the RFID cards or tags that are placed on the streets and sends them to ESP32 to up-
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date location . The Motor Driver, acting as a link between the ESP32 and the vehicle’s DC Motors,

converts control signals into precise motor movements, regulating speed and direction.

(a) Vehicle Subsystem block diagram. (b) Vehicle Subsystem design.

Figure 3.13: Vehicle Subsystem.

The infrastructure system, consisting of ESP32 microcontrollers and traffic lights integrated with

a cloud platform, creates a smart traffic management network. By enabling real-time adjustments

of traffic signals based on the presence of emergency vehicles, this system significantly enhances

response times and overall road safety. The ESP32 microcontrollers execute cloud commands, en-

suring efficient and safe traffic flow, particularly during critical emergency situations.

Figure 3.14: Infrastructure Subsystem Block Diagram.

Cloud systems form the backbone between V2V and V2I communications, and provide seamless and

efficient communication between vehicles and services. By collecting, processing, and analyzing

32



3.5. SEQUENCE DIAGRAMS

Figure 3.15: Cloud-based Data Flow Block Diagram.

real-time data, the cloud makes appropriate decisions to improve traffic management, enhance road

safety, and fly emergency response times effectively.

3.5 Sequence Diagrams

This section illustrates and explains each scenario in the system by designing a sequence diagram for

each scenario.

Emergency in V2I (Emergency Vehicle to Infrastructure Communication)

In this scenario, the sequence diagram shows the interaction between an emergency vehicle, a cloud

server and a traffic light controller to ensure the vehicle moves quickly through traffic. When the

emergency vehicle approaches an intersection, a button in the vehicle sends a signal with its current

location. The cloud server processes this information to determine the vehicle’s route and commu-

nicates with the traffic light controller. The controller then changes the signal for the target street to

green and keeps other signals red, allowing the emergency vehicle to pass through the intersection

without stopping. This process reduces response time and enhances the efficiency of emergency ser-

vices.
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Figure 3.16: Emergency in V2I Communication Sequence Diagram.

Accident Detection in V2V (Vehicle-to-Vehicle Communication)

In this scenario, the sequence diagram illustrates how cars and a cloud system respond to a road

accident. When an accident occurs, the car with the activated crash sensor sends the accident location

and details to the cloud server. The cloud processes this information to assess the situation and

minimize traffic disruption.

Figure 3.17: Accident Detection in V2V Sequence Diagram.
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The cloud server then sends updates to nearby vehicles, such as Car C, informing them of the ac-

cident’s location. Car C can use this information to take an alternate route, avoiding the accident

site. This process helps reduce traffic congestion, ensures safety and maintains smoother traffic flow

around the accident scene.

Accident Avoidance and Alert Activation in Vehicles

Figure 3.18: Accident Avoidance Sequence Diagram.

In this scenario, the sequence diagram illustrates how two cars, Car A and Car B, use ultrasonic

sensors to prevent collisions. Car A’s sensor detects when Car B is too close, triggering an alert

system to inform the driver or adjust the vehicle to maintain a safe distance. Similarly, Car B’s sensor

activates its alert system if Car A gets too close. Both cars continuously monitor their surroundings,

activating safety measures when necessary to ensure drivers are aware of proximity and can avoid

potential accidents.

3.6 Flow Chart and Pseudocode

The following pseudocode illustrate the process of emergency vehicle to infrastructure communica-

tion.
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Algorithm 1 Emergency Vehicle to Infrastructure Communication
1: Start
2: Emergency vehicle arrives at the intersection.
3: Driver pushes the button to trigger the cloud system.
4: if Emergency vehicle detected then
5: Intersection microcontroller reads emergency location.
6: Save the current traffic light state.
7: Change the traffic light for the emergency street to green.
8: Change all other traffic lights to red.
9: while Emergency vehicle is in the intersection do

10: Wait for the vehicle to exit.
11: end while
12: Restore the previous traffic light state.
13: else
14: End
15: end if
16: End =0

The following flowchart illustrate the process of accident detection and alert system.

Figure 3.19: Flowchart Representing the Accident Detection.
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3.7 Schematic Diagrams

In figure 3.20, the schematic diagram represents the components of the vehicle and their connection

with the microcontroller.

Figure 3.20: Vehicle Schematic Diagram.
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In figure 3.21, the schematic diagram represents the components of the infrastructure and their con-

nection with the microcontroller on the street.

Figure 3.21: Infrastructure Schematic Diagram.
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Chapter 4

Implementation and Testing

4.1 Overview

This chapter provides a detailed overview of the implementation phase of our project. It thoroughly

explores the various hardware components of the system and delves into its software, covering all its

modules comprehensively and discuss the testing of all components of the system.

4.2 Implementation Issues

4.2.1 Hardware

In the previous chapter, we viewed the system’s schematic diagram, illustrating the interconnection

of its components. In this section, we will detail the process of assembling and organizing these

components. We will discuss two key subsystems of the project: the vehicle and the Infrastructure,

focusing on how they were constructed and assembled step by step.

Vehicle Implementation

Building the Body and Initial Setup The four motors shown in Figure 4.1 (a) were mounted onto

the plastic base as illustrated in Figure 4.1 (b).

(a) Vehicle Motors and Wheels. (b) Plastic Base.

Figure 4.1: Vehicle Parts.
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We then proceeded to attach each wheel to its respective motor , After completing the assembly, the

vehicle’s structure appeared as shown in Figure 4.2.

Figure 4.2: Completed Vehicle Body Structure.

Positioning the Motor Driver

We mounted the motor driver centrally on the chassis to minimize wiring length and reduce potential

interference. It was connected to the microcontroller via digital pins, which we used to control the

motors’ direction and speed. Proper insulation was applied to avoid accidental shorts.

To ensure synchronized movement, we connected the terminals of each pair of motors to the same

motor driver output as shown in Figure 4.3. This configuration allows the left-side motors to rotate

together in the same direction, and the right-side motors to do the same, ensuring smooth and coor-

dinated motion for all four wheels.

Figure 4.3: Motor Driver Positioning on the Chassis.

Placing the Microcontroller

The microcontroller, which acts as the brain of the system, was placed near the center of the chassis

for easy access to power sources and wiring. It was fixed using screws and standoffs to ensure stabil-

ity as shown in Figure 4.4. The microcontroller’s input and output pins were carefully wired to the

motor driver, sensors and other peripherals to facilitate data flow and control.
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Figure 4.4: Microcontroller Placement on the Chassis.

Placing the Crash and the Ultrasonic Sensor

We mounted both the ultrasonic and crash sensors at the front of the vehicle, as shown in Figure

4.5. The ultrasonic sensor was positioned on a small angled mount to detect obstacles and measure

distance, while the crash sensor was fixed to the front bumper to detect collisions.

Figure 4.5: Placement of Ultrasonic and Crash Sensors at the Vehicle Front.

Positioning the Buzzer and LCD Display

A small buzzer was mounted near the microcontroller to alert users of potential obstacles or warnings

as shown in Figure 4.6. The LCD display was positioned on the top panel, angled for clear visibility

as shown in Figure. The display was connected to the microcontroller via I2C communication to

reduce the number of wires needed and simplify the setup.

Figure 4.6: Buzzer and LCD Display Placement on the Vehicle.
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Mounting the RFID Reader

The RFID reader was positioned at the bottom of the vehicle as shown in Figure 4.7, near the center,

to facilitate card scanning as the vehicle passed over designated RFID cards.

Figure 4.7: RFID Reader Mounted at the Front Underside of the Vehicle.

Infastructrue Implementation

One-Way Street Model

We designed a custom model for the project using a piece of leather, which we structured to resemble

a network of one-way streets. The layout included a single intersection equipped with two traffic

lights to manage the flow of vehicles. This model provided a practical representation of the system’s

functionality, as shown in Figure 4.8.

We placed an RFID card at the start of each street. Each card was programmed with a unique ID and

street name to identify the location.

Figure 4.8: Custom One-Way Street Model with RFID Cards.
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4.2. IMPLEMENTATION ISSUES

Traffic Light

We mounted the microcontroller onto a base and connected it to two traffic lights. Each traffic light

was securely fixed onto a small pole attached to the base, ensuring stability and proper visibility, as

illustrated in Figure 4.9.

Figure 4.9: Traffic Light Setup with Microcontroller Base.

4.2.2 Software

This section describes the implementation details of software components of the system. It also

explains the features and functions of each software component in the system.

Tools

We utilized the Arduino IDE and Visual Studio Code as the primary software tools for developing and

uploading the code to the microcontroller and implementing the dashboard. The Arduino IDE offers

a straightforward and user-friendly environment for coding in C/C++ and managing hardware inter-

faces, while VS Code, which we use for dashboard development and building with React, provides a

powerful and versatile coding platform.

Libraries Installation

We used various libraries to enhance the system’s functionality. The MFRC522 library handled RFID

card detection, while the Firebase ESP8266/ESP32 library enabled communication with Firebase for

data storage. The Wi-Fi library provided internet connectivity, and the Wire and LiquidCrystal-I2C

libraries supported I2C communication and LCD control. The BluetoothSerial library facilitated

wireless command transmission. For the dashboard, we utilized React Hooks for state management,

Toastify for alerts and React Router DOM for efficient navigation.
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4.2. IMPLEMENTATION ISSUES

Firebase Configuration

For Firebase implementation, we used the project’s API and token for seamless integration with the

code. A Real-Time Database was utilized, designed as a non-relational structure to efficiently store

and manage project data. The database includes the address and designated name of each street,

along with detailed information for every vehicle, such as its current location, last recorded location

and, in the event of an accident, the location of the vehicle responsible. Additionally, the database

records the time and date of any accidents. Lastly, it tracks the status of the intersection, represented

as a boolean value.

Figure 4.10: Real-time Database Configuration.

Dashboard Web Application

We designed a dashboard web application using React that fetches data from a Firebase Realtime

Database and displays it in an organized manner. The application includes alerts for specific events,

admin login functionality and Firebase Authentication to secure access.
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Figure 4.11: Dashboard Login Page.

Figure 4.12: Dashboard Home Page.
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Figure 4.13: Dashboard Notifications.

Coding

Under this topic, we’ll describe setup, communication and other functions.

Setup

First, we initialize several parts:

• Hardware Initialization: Configured sensors, motors, LCD, RFID reader and buzzer for op-

eration.

• Wi-Fi and Bluetooth Setup: Connected to Wi-Fi using WiFi.begin() for Firebase communi-

cation and initialized Bluetooth with SerialBT.begin().

• Firebase Connection: Integrated FirebaseESP32 library and initialized Firebase with Fire-

base.begin() for real-time data updates.

Loop

The loop function contains several operations that execute periodically to monitor and control the

vehicle’s and infrastructure actions. These include accident avoidance, location updates, and periodic

crash detection, ensuring real-time response and safety.

Vehicle Movement

The car’s movement is controlled via Bluetooth, with each vehicle having a unique identifier for pair-

ing. Commands sent from a dedicated app enable real-time actions like moving forward, backward,

turning, or stopping.
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4.2. IMPLEMENTATION ISSUES

Accident Avoidance and Alert Activation in Vehicles

The system continuously checks the distance between the vehicle and any potential obstacles using

an ultrasonic sensor. In each iteration of the loop, a pulse is sent to the sensor to measure the distance.

If the distance is less than a predefined safe distance (10 cm), the system activates a warning. This

includes displaying a ”Too Close! Be Careful!” message on the LCD and triggering the buzzer for

an alert. This process runs repeatedly to ensure constant monitoring and timely alerts for accident

avoidance.

Vehicle Location Update

This operation involves using an RFID reader to scan the ID of a card that represents the street name.

The RFID reader, mounted under the vehicle, detects the card and reads its unique identifier (UID).

The UID is then converted into a string and used to fetch the corresponding street location from the

Firebase database. Once the street location is retrieved, it is sent to the cloud and the vehicle’s last

known location is updated in the Firebase database.

Accident Detection and Alert

When a crash is detected, the system displays ”Crash Detected!” along with the vehicle’s current

location and crash time on the LCD. This information, including the location and time, is sent to

Firebase and a buzzer is activated to provide intermittent alerts.

Traffic Light Control for Emergency Vehicle at Intersection

The code controls traffic lights at an intersection based on the presence of an emergency vehicle,

using Firebase to monitor the emergency status and the vehicle’s location. The system continuously

checks for an active emergency by reading the status from Firebase. When an emergency is detected,

the code saves the current state of the traffic lights, then adjusts the lights based on the location of the

emergency vehicle. If the vehicle is on Street A or Street B, the corresponding traffic light is changed

to give priority to the emergency vehicle. Once the vehicle exits the intersection and its location is

recorded as ”G Street” in Firebase, the system restores the traffic lights to their previous states. The

Firebase status is updated accordingly to reflect the end of the emergency.
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4.3 Validation and Testing

This section focuses on the process of testing each of our hardware and software components.

4.3.1 Hardware

Unit Testing

Unit testing involves testing individual components in isolation before integrating them into the com-

plete system. Below are the specific tests conducted for each hardware element.

Ultrasonic Sensor

• The ultrasonic sensor was tested by measuring distances to various objects placed at different

ranges.

• Validation involves comparing the measured distance with a tape-measured value to ensure

accuracy within an acceptable error margin (e.g., ±1 cm).

• The sensor was also tested for responsiveness when objects were moved closer and farther dy-

namically.

Figure 4.14: Serial Monitor Output Showing Ultrasonic Sensor Distance Measurements.

RFID Reader

• The RFID reader was tested using multiple RFID cards, ensuring that each card’s ID was read

correctly and transmitted to the system.
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• Tests included scenarios with different orientations and distances between the card and the

reader to confirm reliable detection.

Crash Sensor

• The crash sensor was pressed manually to ensure it detected physical contact and sent the

correct signal to the microcontroller.

• Multiple tests simulated various intensities of impact to verify consistent triggering.

LCD Display

• The LCD screen was tested by displaying predefined messages.

• Both lines of the screen were checked for clarity, proper formatting and readability under dif-

ferent lighting conditions.

Integration Testing

After individual components were validated, they were tested together to ensure smooth integration

RFID Reader and LCD

• When an RFID card was detected, the corresponding location name was displayed on the LCD

screen.

• Multiple cards were scanned in sequence to confirm the correct location update for each card.

Ultrasonic and Buzzer

• When the ultrasonic sensor detected an object within 10 cm, the buzzer turned on and the LCD

displayed the message ”Too Close! Be Careful.”

• Moving the object beyond 10 cm turned off the buzzer and restored the LCD message to ”Car

is ready.”
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4.3.2 Software

This section discusses the testing process of each of our software testing.

Ultrasonic Sensor for Obstacle Detection

The ultrasonic sensor’s functionality was tested to evaluate its ability to detect obstacles and trigger

alerts when the distance fell below the safe threshold of 10 cm. Tests were conducted by placing

obstacles at varying distances of 5 cm, 10 cm and 20 cm and the system’s responses were observed.

RFID Card Detection and Location Updates

The RFID card detection system was tested to verify its ability to correctly read RFID cards and

update the vehicle’s location in the Firebase database. During the test, an RFID card was placed be-

neath the reader to ensure that the UID was accurately read and processed. The system successfully

retrieved the corresponding location from Firebase and updated it in real-time.

Accident Detection and Alerts

The accident detection system was tested to ensure it could detect crashes and send alerts accurately.

A crash was simulated by triggering the crash sensor and the system’s responses were monitored.

The LCD displayed the message “Crash Detected!”, the buzzer activated for intermittent alerts and

the Firebase database was updated with the crash location and time.

Bluetooth-Controlled Vehicle Movement

The Bluetooth-based vehicle control was evaluated to validate its responsiveness to commands. The

vehicle was paired with a Bluetooth application and commands including forward, backward, left,

right and stop were sent.

Firebase Communication

The Firebase communication was tested to ensure accurate and efficient data storage and retrieval. A

test entry was written to the Firebase database and subsequently retrieved to verify its accuracy and

consistency with the input data. The results demonstrated that the system effectively maintained data

integrity with no observed delays.
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Dashboard Testing

The dashboard was tested to ensure real-time responsiveness to changes in the Firebase Realtime

Database. It successfully retrieves and synchronizes data from the database, displaying updates

promptly and accurately to reflect the latest information.

In addition, the dashboard was tested to add or delete a new vehicle . The figures below shows the

add and delete forms.

Figure 4.15: Vehicle Add Form.

Figure 4.16: Vehicle Delete Form.

Traffic Light Control for Emergency Vehicles

The traffic light control system was tested for its ability to prioritize emergency vehicles at intersec-

tions. The test involved simulating an emergency by setting the vehicle’s status to “Emergency” in

Firebase. The system adjusted the traffic lights based on the vehicle’s location, giving priority to

the emergency vehicle. Once the vehicle exited the intersection and the emergency ended, the traffic

lights returned to their original state.
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Chapter 5

Results and Discussion

5.1 Overview

This chapter provides a detailed analysis of the experimental results, supported by tables where ap-

plicable. It includes error and success rate calculations and offers justifications for the outcomes in

relation to the project objectives.

5.2 Detailed analysis of the results/experiments

The experimental phase of this project aimed to evaluate the performance and functionality of the sys-

tem. Comprehensive testing was conducted on individual components, subsystems and the overall

integrated system. Response time was measured using a software timer to ensure accurate perfor-

mance evaluation. The results obtained are presented in Figure 5.1, supported by relevant tables for

better clarity.

Criterion/Scenario Accident
Avoidance
(No Vibra-
tions)

Vehicle
Location
Update

Accident
Detection
(Good
Connec-
tion)

Accident
Detection
(Poor Con-
nection)

Emergency
State
(Good
Connec-
tion)

Emergency
State
(Poor Con-
nection)

Real-Time
Response

10-15 ms 10-20 ms 0.5-1.2 s 1.5-2 s 0.5-1 s 2-2.5 s

Stability Very Stable Stable Stable Stable with
minor
delay

Stable Stable with
slight
impact

Impact of
Connection
Quality

None None None Slight
Delay

None Slight
Delay

Table 5.1: Performance Analysis with Detailed Metrics.
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5.2. DETAILED ANALYSIS OF THE RESULTS/EXPERIMENTS

Table 5.2 presents the system’s performance across various scenarios, emphasizing the effect of in-

ternet connectivity on real-time updates.

Scenario Environment Expectation Results Performance
Analysis

Accident
Avoidance

Obstacles
present, no
vibrations

Ultrasonic sensor
detects obstacles
and activates the
necessary alarms

Issue alerts to
successfully
avoid collisions

Excellent
performance,
accurate with no
false alarms

Accident
Avoidance

Obstacles
present, with
vibrations

Sensor reading is
slightly affected
with no false alarms

Stable
performance with
no false alarms

System
maintained
accuracy even
with vibrations

Vehicle
Location
Update

Dynamic vehicle
movements

The system updates
vehicle’s real-time
location

Real-time
updates provided
accurately

Very good
performance in
ideal connection

V2V
Accident
Detection

Two-Vehicle
Crash (Good
internet
connection)

Real-time alert is
sent to vehicles

Collision
detected and
alerts sent to
nearby vehicles

Excellent
performance with
no delays in
alerts

V2V
Accident
Detection

Two-Vehicle
Crash (Poor
Internet
Connection)

Send alerts with
slight delays

Alerts sent with
minor delays

Acceptable
performance;
slight delays
observed

V2I
Emergency
State

Priority
Activation (Good
internet
connection)

Real-time traffic
signal response and
priority given to
emergency vehicles

Traffic signals
prioritized
emergency
vehicles

Accurate and fast
system response

V2I
Emergency
State

Priority
Activation (Poor
Connection)

Signals optimized
for emergency
vehicles with slight
delays

Given priority
with minor delay

System managed
to handle
connection
adequately

Table 5.2: Results and Performance Analysis.
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5.3 Error / Success Rate Calculations

This section provides an analysis of success and error rates, calculated based on the number of at-

tempts and supported by equations, for each scenario in the project. The error rate is calculated using

the formula:

Error Rate =

(
Number of Failed Trials
Total Number of Trials

)
× 100%

Similarly, the success rate is derived from the error rate using the equation:

Success Rate = 100%− Error Rate

Scenario
Name

Number of
Experiments

Success
Rate

Error Rate Reasoning

Accident
Avoidance

50 98% 2% When there is vibration and
an open space in front of the
ultrasonic sensor, the signal
may become dispersed.

Vehicle
Location
Update

70 92% 8% Improper placement or
orientation of the RFID cards
on the street might have
made it difficult for the
reader to detect them.

V2V
Accident
Detection

50 80% 20% Poor internet connectivity
delays the transmission of
accident alerts and hinders
real-time communication
between vehicles.

V2I
Emergency
State

50 90% 10% Weak Wi-Fi signal negatively
impacts real-time
communication between
vehicles and infrastructure.

Table 5.3: Error / Success Rate Calculations.

These calculations help evaluate the system’s performance by determining the proportion of failures

and successes for each scenario. The error rate depends on not reaching the ideal time, affecting
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overall system reliability and efficiency.

5.4 Justifications of the Obtained Results

The results align well with the objectives of the project, demonstrating the efficacy of the system in

real-world scenarios. Key justifications include:

1. Sensor Performance: The choice of ultrasonic and crash sensors ensured high precision in ob-

stacle detection and collision recognition. These sensors operate efficiently within the defined

parameters, contributing to the system’s overall reliability.

2. Cloud Integration: Leveraging Firebase enabled real-time data exchange and processing. This

was evident in the seamless operation of V2V and V2I communication during testing.

3. Traffic Light Management: The rapid adjustment of traffic signals in response to emergency

scenarios validated the effectiveness of the implemented algorithms.

4. Scalability and Reliability: The system’s architecture proved capable of handling multiple

vehicles and intersections without significant performance degradation.
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Chapter 6

Conclusion and Future Work

6.1 Conclusion

This project successfully developed an intelligent vehicle system that integrates hardware and soft-

ware for autonomous navigation. The system includes components like motors, sensors, an RFID

reader and communication modules, all working together to enable real-time interaction with the en-

vironment. The software, built with the Arduino IDE, handled critical tasks such as reading sensor

data, processing commands and updating location information via Firebase. Comprehensive testing

confirmed the system’s accuracy in reading RFID cards, detecting obstacles and providing timely

feedback, making it a reliable prototype for autonomous vehicle operations.

6.2 Challenges

Throughout the development of the intelligent vehicle system, several challenges were encountered:

1. Hardware Integration: Connecting various components like motors, sensors and the RFID

reader required careful calibration and testing to avoid signal interference.

2. Real-Time Performance: Achieving timely responses from sensors (ultrasonic, RFID) was

challenging, requiring optimization for faster data processing.

3. Communication Issues: Maintaining stable Wi-Fi communication for real-time data updates

with Firebase was occasionally disrupted by network delays.

4. Power Management: Ensuring efficient power usage to keep the system running without fre-

quent battery changes was a challenge.

5. Debugging and Testing: Debugging complex systems with multiple components required

extensive testing and adjustments for seamless integration.
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6.3 Future Work

Future improvements could focus on enhancing sensor integration by adding cameras or LiDAR

for better environmental awareness. Additionally, introducing vehicle autonomy through advanced

algorithms could allow for fully autonomous navigation. The scalability of the cloud system could

also be expanded to handle more complex environments and traffic management could be made

smarter through dynamic signal control based on real-time data. Moreover, energy efficiency could

be improved with low-power solutions and a mobile app could provide better user interaction and

monitoring. These enhancements would push the project toward a more sophisticated and efficient

autonomous vehicle system.
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