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Abstract: This project focuses on the development of a Zigbee-based alert system for two autonomous
robots. Each robot is equipped with sensors capable of detecting hazards such as smoke, fire, and
obstacles. Controlled by an Arduino Uno, the robots communicate wirelessly using Zigbee modules to
coordinate their actions in real-time. When a hazard is detected by one robot, it sends a signal to the other
robot, prompting it to halt or take necessary action. The status is displayed on an I2C LCD, and an alarm
buzzer provides an audible warning. Robot movement is managed using the L293D motor driver. This
system demonstrates efficient wireless communication, real-time hazard detection, and coordinated
response, improving safety and collaboration among autonomous robots
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L. INTRODUCTION

Vehicle-to-Vehicle (V2V) communication is a crucial component of intelligent transportation systems (ITS), enabling
real-time data exchange to enhance road safety and traffic efficiency. By allowing vehicles to share information such as
speed, position, and hazard warnings, V2V technology can significantly reduce accidents and improve traffic flow.
Among various wireless communication technologies, Zigbee stands out due to its low power consumption, cost-
effectiveness, and reliable short-range communication.

Integrating Zigbee into V2V systems can facilitate efficient vehicle coordination, early hazard detection, and improved
accident prevention. Its ability to support low-latency data transmission makes it a promising solution for urban and
highway scenarios. However, challenges such as network scalability, interference, and security must be addressed to
ensure seamless implementation. This paper explores the feasibility, benefits, and challenges of utilizing Zigbee for next-
generation road safety applications, highlighting its potential to enhance intelligent transportation networks.

II. METHODOLOGY
The proposed approach for integrating Zigbee technology into Vehicle-to-Vehicle (V2V) communication systems follows
a structured methodology that includes system design, hardware selection, communication protocol implementation, and
performance evaluation.!]

Design and Construction of Autonomous Robots
e Assemble the hardware components for each robot, including Arduino Uno boards, L293D motor drivers, and
DC motors to enable motion control.
e Interface Zigbee modules with the Arduino to facilitate wireless communication between the robots.
e Build a chassis and strategically position sensors like smoke, flame, and ultrasonic sensors to ensure effective
environmental monitoring.

Sensor Integration and Configuration
e Mount the smoke, flame, and ultrasonic sensors on both robots for detecting hazardous elements in the
surroundings.
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e Program the Arduino to interface with the sensors and collect environmental data.
e (Calibrate the sensors to enhance detection accuracy for fire, smoke, and physical obstacles.
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Fig 1: Block Diagram
Zigbee Based Communication Setup
e Configure Zigbee modules on both robots to create a reliable wireless communication link.
e  Establish a protocol for message transmission, allowing the exchange of emergency alerts and status information.
e Develop the communication logic to ensure that when one robot identifies a hazard, it sends a stop command to
its partner.
Hazard Detection and Control Logic
e Develop an algorithm that constantly reads input from all three sensors and assesses potential dangers.
e  Set up conditional logic that stops robot movement upon detecting smoke, fire, or nearby obstacles.
e Enable Zigbee-based alerts to inform the other robot to halt immediately when a threat is identified.
Alert and Display Mechanism
e Integrate I2C LCDs on each robot to show messages such as “Fire Detected,” “Smoke Alert,” or “Obstacle
Ahead.”
e  Attach buzzers to provide auditory alerts during hazard detection or when receiving stop commands.
Real Time Hazard Response
e  Once a hazard is detected, the robot halts and displays the event on the LCD while triggering the buzzer.
e The second robot, upon receiving the stop command, also stops and assesses its environment.
e Evaluate the system’s communication delay and responsiveness to ensure immediate reaction in emergencies.
System Testing and Calibration
e Conduct experiments in simulated environments to validate hazard detection and response mechanisms.
e Adjust sensor sensitivity, motor functions, and communication settings based on test outcomes.
e Carry out endurance testing to assess system stability under various conditions and refine inter-robot
coordination.]
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III. HARDWARE AND SOFTWARE REQUIREMENTS
The implementation of a Zigbee-based Vehicle-to-Vehicle (V2V) communication system for enhanced road safety
requires a combination of sensing, processing, communication, and actuation components. The selected hardware ensures
real-time data acquisition, processing, transmission, and vehicle control. The primary hardware components used in this
system are as follows:
Arduino Uno
The Arduino Uno serves as the central processing unit of the system. It is responsible for collecting sensor data, executing
control algorithms, and managing communication between modules. Its ease of programming and compatibility with
various sensors make it suitable for rapid development and testing.

Fig 2: Arduino Uno
Ultrasonic Sensor
Ultrasonic sensor is used for obstacle detection and distance measurement. It provides the vehicle with spatial awareness
by identifying nearby objects, which helps prevent collisions during movement.

Fig 3: Ultrasonic Sensor

MQ135 Gas Sensor
The MQ-135 sensor detects harmful gases and air quality levels in the vehicle’s environment. In hazardous situations,
this data can be communicated to nearby vehicles, enhancing awareness and promoting safety.
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Fig 4: MQ135 Gas Sensor

Flame Sensor
The flame sensor identifies fire or sudden heat changes in the surroundings. In emergency scenarios, such as vehicle
overheating or fire accidents, early flame detection allows the system to issue alerts via the Zigbee network.

Fig 5: Flame Sensor
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I2C Display
An 12C-compatible display module is integrated to show real-time information such as sensor readings, vehicle status,

and received alerts from other vehicles. Its low power consumption and compact size make it ideal for embedded
applications.
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Fig 6: 12C Display

Zigbee Module

The Zigbee module enables wireless communication between vehicles. It transmits critical information such as
environmental hazards, collision warnings, and vehicle status to other vehicles in the network. Operating on the IEEE
802.15.4 standard, it ensures low-power, short-range, and reliable communication.!

Fig 7: Zigbee Module

Buzzer

The buzzer acts as an audio alert system. It provides immediate warning signals to the driver upon detecting dangerous
conditions, such as a nearby obstacle, gas leak, or fire.

Motor and Wheels

DC motors and wheels are used for the movement of the vehicle prototype. The motors are controlled by the Arduino to
simulate vehicle motion based on sensor feedback and V2V communication inputs.

External Power Supply

An external power source, such as a rechargeable battery pack, is required to operate all components reliably. Proper
voltage regulation is ensured to protect sensitive components and maintain consistent performance during operation.

Software Used
Arduino IDE
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Fig 8: Flow Chart of Source Code

IV. RESULT AND DISCUSSION
Each platform is equipped with essential components like a microcontroller, ultrasonic sensors, motor drivers, an LCD
display, and the Zigbee module. The robots likely leverage the Zigbee network to coordinate their movements, share
sensor data, and collaborate on tasks like obstacle avoidance or cooperative object transport. The project demonstrates
the potential of V2V communication for enabling complex behaviours and enhancing the capabilities of robotic systems.

Fig 9: Outlook

Key Points:
e V2V Communication: Emphasizes the use of Zigbee for communication between the robots.
e Key Components: Highlights the essential components present on the platforms.
e Potential Functionalities: Suggests possible applications like obstacle avoidance and cooperative tasks.
e Project Significance: Points out the potential of V2V communication for enhancing robotic systems.

V. CONCLUSION
The integration of Zigbee technology in Vehicle-to-Vehicle (V2V) communication presents a promising approach to
enhancing next-generation road safety. With its low power consumption, cost-effectiveness, and efficient mesh
networking capabilities, Zigbee can facilitate real-time data exchange among vehicles, enabling early hazard detection,
collision avoidance, and improved traffic management. While challenges such as network latency and scalability must be
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addressed, advancements in Zigbee protocols and hybrid communication models can further strengthen its viability in
intelligent transportation systems. Future research and development should focus on optimizing Zigbee’s performance
for high-speed vehicular environments, ensuring reliable connectivity, and integrating it with other wireless
communication technologies to create a robust and adaptive road safety ecosystem.[]

Future Scope

The integration of Zigbee technology in V2V communication holds great potential for improving road safety and traffic
management. In the future, this system can be enhanced by combining Zigbee with technologies like GPS and 5G to
achieve better coverage and faster data transmission.

The solution can also be extended to Vehicle-to-Infrastructure (V2I) communication, enabling interaction with traffic
signals and road systems. With further research and development, Zigbee-based V2V systems could play a key role in
autonomous vehicles and smart city transportation networks.
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