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ABSTRACT

In recent years, the demand for intelligent and secure
transportation systems has led to significant
advancements in intervehicle communication (IVC)
technologies. This project focuses on the development
of an RF-based intervehicle communication system
aimed at enhancing road safety, traffic efficiency, and
secure data transmission among vehicles. The system
employs radio frequency (RF) modules to facilitate
real- time, short-range communication between
vehicles, allowing them to share critical information
such as speed, location, braking status, and accident
alerts. By enabling vehicles to communicate directly
without relying on centralized infrastructure, the
system  supports quick  decision-making and
coordinated  vehicle  responses in  dynamic
environments.

To ensure data integrity and security, the
communication  protocol integrates  lightweight
encryption and authentication mechanisms, protecting
the network from unauthorized access, spoofing, and
data manipulation
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|.INTRODUCTION

In the era of smart transportation and autonomous
vehicles, the need for efficient, reliable, and secure
communication between vehicles is more critical than
ever. Intervehicle communication (IVC), also known
as vehicle-to-vehicle (V2V) communication, enables
the direct exchange of information such as location,
speed, acceleration, and braking status between nearby
vehicles. This real-time sharing of data plays a vital
role in enhancing road safety, reducing traffic
congestion, and supporting advanced driver assistance
systems (ADAS).

Radio Frequency (RF)-based communication has
become one of the most widely adopted technologies
for implementing IVC due to its high-speed data
transmission, extended range, and compatibility with
existing wireless standards. These RF-based systems
provide a robust infrastructure for implementing
cooperative driving applications, including collision
avoidance, lane change assistance, and emergency
braking alerts.

Despite its advantages, RF-based intervehicle
communication faces several security challenges. As
vehicles rely on wireless networks to transmit sensitive
and safety-critical data, they become vulnerable to
threats such as eavesdropping, spoofing, jamming, and
denial-of-service attacks. These threats can lead to
false information dissemination and potentially
hazardous situations on the road. Therefore, ensuring
data integrity, authenticity, and confidentiality is
essential for secure and trustworthy communication.
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This paper investigates the role of RF-based
intervehicle communication in secure transport,
examining  key  technologies, = communication
protocols, and security mechanisms designed to
protect data transmission and ensure safe vehicular
interaction.

II. LITERATURESURVEY

The development of intervehicle communication
(IVC) systems has garnered significant attention in
recent years, driven by the increasing need for safer
and more efficient transportation. Numerous studies
have explored RF-based communication technologies
as the foundation for vehicle-to- vehicle (V2V)
interaction due to their ability to provide low-latency,
high-reliability data exchange in dynamic vehicular
environments.

Security remains a critical concern across all RF-
based IVC systems. Raya and Hubaux (2005) were
among the first to propose a security framework for
vehicular  networks, introducing  cryptographic
techniques and certificate-based authentication to
prevent message spoofing and data tampering.
Subsequent research has proposed lightweight
encryption and intrusion detection systems (IDS)
tailored for vehicular environments to address
performance constraints and high mobility.RF-based
intervehicle communication (IVC) has emerged as a
key enabler for intelligent transportation systems
(ITS), facilitating real-time data exchange between
vehicles to improve road safety and traffic efficiency.
Several communication standards and protocols have
been developed to support reliable and secure vehicle-
to-vehicle (V2V) communication, primarily using
radio frequency (RF) technologies.

Recent work has also investigated hybrid security
models combining blockchain, machine learning, and
RF communication to enhance trust and resilience.
While promising, these systems often face challenges
in real-time implementation and scalability.Further
research has expanded upon these ideas by introducing
lightweight cryptographic techniques tailored for the
resource-constrained  environments of vehicular
systems.

To mitigate latency and computational overhead,
researchers have proposed hybrid schemes combining
symmetric and asymmetric encryption, as well as
identity-based  cryptography  (IBC).  Moreover,
Intrusion Detection Systems (IDS) have been
developed to monitor traffic patterns and detect
abnormal behaviors that may indicate attacks or
malfunctions.

im. METHODOLOGY

The methodology for implementing RF-based
intervehicle communication for secure transport
involves the systematic design, development, and
testing of a wireless communication system capable of
facilitating real-time data exchange between vehicles
while ensuring data security and integrity. The process
begins with the design of a decentralized vehicular
communication architecture where each vehicle is
equipped with an RF module depending on the
communication range and environment. These
modules are interfaced with onboard microcontrollers
or embedded computing units that collect and transmit
vehicular data such as speed, position, direction, and
braking status. The communication protocol is
structured to support low-latency and reliable data
transmission, with well-defined message formats that
include metadata for source authentication and data
validation.  This enables secure encryption,
authentication, and validation of transmitted messages,
protecting the network from spoofing, tampering, and
unauthorized access. Additionally, an Intrusion
Detection System (IDS) is incorporated to monitor
traffic anomalies and flag potential attacks or network
misbehavior.  This methodology ensures the
development of a robust and secure RF-based
intervehicle communication system capable of
enhancing road safety and supporting the evolution of
intelligent transport systems.

IV. EXISTING SYSTEM

Existing systems utilizing RFID (Radio Frequency
Identification) technology for intervehicle
communication are primarily designed for vehicle
identification, access control, toll collection, and basic
traffic monitoring, rather than continuous real-time
data exchange. RFID- based communication typically
involves a passive or active RFID tag installed on the
vehicle and a reader infrastructure positioned at
strategic locations such as toll booths, traffic lights, or
highway entry/exit points. These systems are effective
in identifying vehicles uniquely, monitoring traffic
flow, and automating transactions in secure transport
environments. In secure transportation networks, RFID
systems are used to control access to restricted zones,
track the movement of vehicles in logistics fleets, and
detect unauthorized or stolen vehicles. RFID-based
intervehicle communication systems have been
increasingly adopted in urban traffic environments to
enhance emergency vehicle prioritization, streamline
traffic flow, and improve road safety. In existing
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systems, ambulances and other emergency vehicles are
equipped with active RFID tags that emit unique
identification signals. These tags are designed to be
detected by RFID readers strategically installed at
traffic  intersections, toll booths, or roadside
infrastructure. When an ambulance approaches a
traffic signal, the RFID reader detects the presence of
the emergency vehicle and communicates with the
traffic signal controller to override the default timing
and switch the light to green. This ensures that the
ambulance can pass through the intersection without
unnecessary delay, minimizing response times and
potentially saving lives.

V. PROPOSED SYSTEM

The proposed system aims to enhance emergency
vehicle prioritization and urban traffic management
through an advanced RFID-based intervehicle
communication  framework. In  this  system,
ambulances and other emergency vehicles are
equipped with active RFID tags containing unique
identification and priority level information. These
tags continuously broadcast signals that can be
detected by RFID readers installed at traffic
intersections, on roadside units (RSUs), and
potentially in nearby vehicles. When an ambulance
approaches an intersection, the RFID reader detects
the tag and sends a signal to the traffic light controller
to change the signal to green, ensuring the ambulance
receives uninterrupted passage. Simultaneously,
vehicles in the vicinity, equipped with passive or
semi- passive RFID readers, can also detect the
ambulance and receive alerts to move aside or halt,
enabling smooth navigation through traffic. The
system can be further integrated with a central traffic
management server that monitors ambulance routes in
real time using GPS and RFID data to dynamically
manage traffic lights and reroute other vehicles
accordingly. For added security, encrypted RFID
communication and authentication mechanisms ensure
that only authorized emergency vehicle. The proposed
system also supports data logging for post-event
analysis, allowing authorities to evaluate response
efficiency and traffic behavior.
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VI. WORKING OF PROPOSED SYSTEM

The proposed RFID-based intervehicle communication
system is designed to enhance emergency response
efficiency and urban traffic management by enabling
real-time coordination between ambulances, traffic
signals, and surrounding vehicles. The system operates
by equipping ambulances with active RFID tags that
continuously emit a unique identifier. These tags are
readable by RFID readers installed at traffic signals,
roadside infrastructure, and even in other vehicles.

1.  Ambulance

When The ambulance is equipped with an RFID tag
and a GPS module. The RFID tag continuously
broadcasts a unique ID that identifies the ambulance
as an emergency vehicle. The GPS module tracks the
real-time location of the ambulance and sends this data
to the central traffic control server. These two
components enable the system to detect and prioritize
the ambulance in traffic.

2. Other Vehicles

Other vehicles on the road are equipped with an RFID
reader and an alert system. The RFID reader detects
the presence of an approaching ambulance by reading
its RFID signal. Once detected, the alert system
notifies the driver through sound or display to make
way, helping to clear the path for the
emergency vehicle.

Traffic Signal Unit

This unit is installed at intersections and contains an
RFID reader. When an ambulance approaches, the
RFID reader detects its tag and confirms its identity as
an emergency vehicle. This information is then passed
on to the traffic signal controller for further action.
The reader detects this tag and verifies that the vehicle
is an emergency one. Upon identification, the system
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communicates this information to the traffic signal
controller, which adjusts the traffic lights, usually by
turning them green for the ambulance, ensuring a
quicker and safer passage through the intersection.

3. Traffic Signal Controller

The traffic signal controller receives input from the
traffic signal unit. Based on the ambulance detection,
it overrides the normal light cycle and turns the signal
green in the direction of the ambulance. This
minimizes delays and allows for safe, uninterrupted
passage through intersections. A traffic signal
controller is an essential device that manages the
operation of traffic lights at intersections or roadways,
controlling the flow of traffic to ensure safety,
efficiency, and smooth operation of the road network.
It determines the timing of red, yellow, and green
lights at traffic signals based on certain rules, inputs,
and algorithms.

4. Central Traffic Control Server

This server receives real-time GPS data from the
ambulance via GSM or Internet. It uses this data to
manage and coordinate traffic lights along the
ambulance’s route, creating a “green corridor.” It helps
improve traffic flow and ensures timely response
during emergencies. It is a type of traffic signal
management system where multiple traffic signals at
different intersections are controlled and monitored
from a central location. The goal of a CTC system is
to manage traffic flow more efficiently across a
network of intersections, ensuring synchronization,
reducing congestion, and improving  traffic
safety.

IMULATED OUTPUTS TRAFFIC UNIT

#include <Wire.h>

#include <LiquidCrystal_12C.h> LiquidCrystal_12C
lcd(0x27, 16, 2); const int GREEN_LIGHT = 3; const
int YELLOW_LIGHT = 4; const int RED_LIGHT =
35;

const unsigned long TRAFFIC_INTERVAL =5000;
const unsigned long AMBULANCE_PRIORITY =
20000;

const unsigned long ACCIDENT _PRIORITY =
20000;

unsigned long prevTrafficTime = 0; unsigned long
prevOverrideTime = 0; bool isOverrideActive = false;
char overrideType =""; int trafficStep = 0;

void setup() { Serial.begin(9600); Wire.begin();
Icd.init(); Icd.backlight();

pinMode(GREEN_LIGHT, OUTPUT);
pinMode(YELLOW_LIGHT, OUTPUT):;
pinMode(RED_LIGHT, OUTPUT);

Icd.setCursor(0, 0); lcd.print("Traffic Control™);
}

void loop() {
unsigned long currentTime = millis();

if (overrideType =="a' && currentTime -
prevOverrideTime >= AMBULANCE_PRIORITY) {
clearOverride();

¥

if (overrideType =="b' && currentTime -
prevOverrideTime >= ACCIDENT_PRIORITY) {
clearOverride();

¥
if (Serial.available()) {
char receivedChar = Serial.read(); if (receivedChar ==

#){

while (!Serial.available());

char nextChar = Serial.read(); if (nextChar =="a") {
ambulanceOverride(currentTime);

}

else if (nextChar =="b") {
accidentOverride(currentTime);

}

}

}

if (lisOverrideActive && currentTime -
prevTrafficTime >= TRAFFIC_INTERVAL) {
prevTrafficTime = currentTime; runTrafficCycle();

¥
}

void runTrafficCycle() { if (trafficStep == 0) {
digitalWrite(GREEN_LIGHT, HIGH);
digitalWrite(YELLOW_LIGHT, LOW);
digitalWrite(RED_LIGHT, LOW); Icd.clear();
Icd.setCursor(0, 0); lcd.print("Normal Traffic");
Icd.setCursor(0, 1); Icd.print("GREEN ON");
trafficStep = 1;

} else if (trafficStep ==1) {
digitalWrite(GREEN_LIGHT, LOW);
digitalWrite(YELLOW_LIGHT, HIGH);
digitalWrite(RED_LIGHT, LOW); Icd.clear();
Icd.setCursor(0, 0); Icd.print("Normal Traffic");
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Icd.setCursor(0, 1); Icd.print("YELLOW ON");
trafficStep = 2;

} else if (trafficStep == 2) {
digitalWrite(GREEN_LIGHT, LOW);
digitalWrite(YELLOW_LIGHT, LOW);
digitalWrite(RED_LIGHT, HIGH); lcd.clear();
Icd.setCursor(0, 0); Icd.print("Normal Traffic");
Icd.setCursor(0, 1); Icd.print("RED ON"); trafficStep =
0;

¥

¥

void ambulanceOverride(unsigned long currentTime) {
OverrideActive = true; overrideType = 'a’;
prevOverrideTime = currentTime;

Icd.clear(); Icd.setCursor(0, 0);
Icd.print("Ambulance Near"); Icd.setCursor(0, 1);
Icd.print("Keep Way Clear");

digitalWrite(GREEN_LIGHT, HIGH);
digitalWrite(YELLOW_LIGHT, LOW);
digitalWrite(RED_LIGHT, LOW);,

}

void accidentOverride(unsigned long currentTime) {
isOverrideActive = true; overrideType ='b’;
prevOverrideTime = currentTime;

Icd.clear(); lcd.setCursor(0, 0);
Icd.print("Accident Nearby"); Icd.setCursor(0, 1);
Icd.print("Drive Safely");

digitalWrite(GREEN_LIGHT, LOW);
digitalWrite(YELLOW_LIGHT, LOW);
digitalWrite(RED_LIGHT, HIGH);

}

AMBULANCE UNIT

#include <Wire.h>

#include <LiquidCrystal_I2C.h> #include
<SoftwareSerial.h> HC-12 Transmitter Pin

HC-12 Receiver Pin LiquidCrystal 12C Icd(0x27, 16,
2);

SoftwareSerial HC12(HC12_TX, HC12_RX);

void setup()

{

Serial.begin(9600); HC12.begin(9600);

pinMode(3, INPUT_PULLUP);

Ilcd.init(); lcd.backlight(); Icd.setCursor(0, 0);
Icd.print(" Ambulance Unit"); delay(2000);
Icd.clear();

}
void loop()

if (Serial.available()) {
char message = Serial.read(); delay(300);

if (message =="b")

{

HC12.printIn("d"); Icd.clear(); lcd.setCursor(0, 0);
lcd.print("ACCIDENT ALERT!");

Icd.setCursor(0, 1); Icd.print("PROCEED TO LOC.");
delay(3000);

}

else

{

¥
¥

else

{

if (digitalRead(3) == LOW) lcd.clear();
Icd.setCursor(0, 0); Icd.print("Press Button...");
delay(500);

}
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VEHICLE UNIT

#include <SoftwareSerial.h> #include
<Adafruit. MPU6050.h> #include
<Adafruit_Sensor.h> #include <LiquidCrystal.h>

constintrs=8,en=9,d4=10,d5=11,d6=12,d7 =
13;
LiquidCrystal Icd(rs, en, d4, d5, d6, d7);

Adafruit MPU6050 mpu;
void setup() { Serial.begin(9600);

Icd.begin(16, 2);

Icd.clear(); Icd.setCursor(0, 0); lcd.print("Vehicle
Unit"); delay(2000);

Icd.clear();

if ("mpu.begin()) {

lcd.print("MPU6050 ERROR!"):;

while (1);

}

y(500);
¥ ¥

void loop() {

(S

dela

sensors_event t a, g, temp; mpu.getEvent(&a, &g,
&temp);

float x = a.acceleration.x; float y = a.acceleration.y;
float z = a.acceleration.z;

Serial.print("X: "); Serial.print(x);
Serial.print(" | Y: "); Serial.print(y); Serial.print(" | Z:
"); Serial.printin(z);

lcd.clear(); Icd.setCursor(0, 0);
lcd.print("X:"); lcd.print(x, 1);
Icd.setCursor(8, 0);
lcd.print("Y:"); lcd.print(y, 1);
Icd.setCursor(0, 1);
lcd.print("Z:"); Icd.print(z, 1);

if (abs(x) > 15 || abs(y) > 15 || abs(z) > 15) {
Serial.printin("b");

Icd.clear(); Icd.setCursor(0, 0);
Icd.print("ACCIDENT DETECTED!);
Icd.setCursor(0, 1); lcd.print("INFORMING
AMBULANCE");

delay(2000);

}

if (Serial.available()) {
char message = Serial.read(); Serial.println(message);
delay(300);

if (message =="a") { lcd.clear(); Icd.setCursor(0, 0);
Icd.print("AMBULANCE NEARBY!");
Icd.setCursor(0, 1); lcd.print("PLEASE GIVE WAY™);
delay(3000);
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VIl .FUTURE ENHANCEMENTS

RFID (Radio  Frequency Identification)-based
intervehicle communication holds significant promise
for enhancing traffic flow, improving emergency
vehicle prioritization, and increasing road safety. The
future of this technology is poised to create a more
connected, efficient, and intelligent transportation
ecosystem, particularly for ambulances, traffic signals,
and other vehicles. Here are some potential future
enhancements for this system:

1. Real-time Traffic Signal

One of the most impactful applications of RFID- based
communication is prioritizing emergency vehicles
such as ambulances at traffic signals. In the future,
RFID tags installed on ambulances could
communicate with RFID-enabled traffic signals,
allowing the system to automatically detect the
ambulance’s approach and switch signals to green,
clearing the way for faster passage. This system could
be expanded to cover all intersections, reducing
response time and potentially saving lives.

2. Vehicle-to-Vehicle (V2V) Communication

Expanding RFID technology for intervehicle
communication (V2V) will improve coordination
among all vehicles on the road, including ambulances.
In the future, vehicles could automatically exchange
information, such as speed, direction, and location, via
RFID tags. This would allow vehicles to react to
emergency vehicles more efficiently, creating a
dynamic system where surrounding vehicles can adjust
their speed or position to make way for the ambulance.
3. Integrated Traffic Management System

The future of RFID-based systems could see
integration with broader traffic management platforms,
which would allow real-time monitoring of road
conditions, traffic flow, and vehicle locations. This
would allow central traffic control centers to adjust
signal timings based on current traffic patterns and
emergency vehicle needs, providing a more
coordinated and dynamic solution for managing traffic
flow. especially during peak hours.

4. Security and Data Analytics

As RFID systems evolve, enhanced security features,
such as encrypted communication, will become critical
to prevent misuse or hacking. Additionally, data
analytics tools will enable the collection of valuable
traffic and emergency response data, which can be
analyzed to optimize future traffic management,
improve response times, and predict traffic congestion
trends, leading to further improvements in urban
mobility.

5. Advanced Emergency Vehicle Priority System

To enhance user convenience, voice command ignition
can be added as an alternative to facial recognition.
Al-powered voice recognition can allow users to start
the bike using predefined voice commands. This
feature would be particularly useful in cases where the
camera system fails due to poor lighting or other
environmental conditions.

6. Enhanced Security and Authentication

Future RFID systems will include stronger encryption
and authentication protocols to prevent unauthorized
access or misuse. This is especially important for
emergency vehicles, where fake or spoofed signals
could cause traffic chaos. By implementing secure
RFID protocols, only verified emergency vehicles will
be able to trigger signal preemption or V2V alerts.

7. Alert message on vehicle

An alert message on a vehicle dashboard is a warning
or informational notification displayed to the driver,
usually on the instrument cluster or infotainment
screen. In the context of RFID-based inter-vehicle
communication, especially for systems involving
ambulances and traffic signals, an alert message can
inform drivers in nearby vehicles about an approaching
emergency vehicle or a traffic signal override.
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IX. CONCLUSION

RFID-based inter-vehicle communication offers a
transformative approach to modernizing traffic
systems, especially when applied to emergency
services like ambulances and coordinated traffic
signals. This technology enables seamless and real-
time communication  between  vehicles and
infrastructure, enhancing the efficiency, safety, and
responsiveness of road networks.

In critical situations where every second matters, such
as medical emergencies, RFID technology allows
ambulances to communicate directly with traffic
signals, triggering signal preemption and clearing the
way ahead. This drastically reduces emergency
response times and improves the chances of saving
lives. Furthermore, integrating RFID with other
vehicles  through vehicle-to- vehicle (V2V)
communication ensures that nearby drivers are
promptly alerted and can take appropriate actions,
such as yielding or safely changing lanes, without
confusion or delay.

Beyond emergency scenarios, RFID can be used for
broader traffic management by enabling smarter traffic
flow control. Traffic signals equipped with RFID
readers can adapt in real- time based on the presence
of high-priority vehicles, congestion levels, or
changing road conditions. The result is a more
intelligent, adaptive traffic system that reduces
bottlenecks, enhances road safety, and optimizes
vehicle movement across intersections.

As technology continues to evolve, future
enhancements such as integration with GPS, loT,
cloud-based traffic management, and Al-based data
analytics will further elevate the capabilities of RFID
systems. These advancements will enable predictive
routing for emergency vehicles, dynamic signal
adjustments, and comprehensive city-wide traffic
coordination. In conclusion, RFID-based inter-vehicle
communication represents a critical step toward
building smarter, safer, and more responsive
transportation ~ systems. By enabling real-time
coordination between ambulances, traffic signals, and
other vehicles, it not only improves emergency
response efficiency but also contributes to the overall
goal of intelligent urban mobility.
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