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Abstract: This project presents a Zigbee-based Nearby Vehicle Accident Alert System designed to enhance road safety
by providing real-time accident notifications to nearby vehicles and emergency services. The system employs Zighee
technology, a low-power, cost-effective wireless communication protocol, to establish a network between vehicles and
roadside units.

When an accident is detected using onboard sensors like tilt sensor, the system triggers an automatic alert, transmitting
critical information such as the location, time, and severity of the incident to nearby vehicles and emergency responds
within the Zigbee network range. This immediate communication helps quicker emergency response, and improves the
overall efficiency of post-accident management. The system's low power consumption and reliable communication
capabilities make safer road environments.

I INTRODUCTION

The ZigBee Based Nearby Vehicle Accident Alert System is an intelligent safety system designed to detect vehicle
accidents instantly and alert nearby vehicles using short-range wireless communication. The main goal of this system is
to reduce secondary accidents and save lives by providing quick warnings to surrounding drivers.

In this system, sensors such as vibration sensors, accelerometers, or tilt sensors are installed in a vehicle to continuously
monitor its condition. When an accident occurs, the sensors detect abnormal vibrations or sudden changes in motion.
This information is processed by a microcontroller, which immediately triggers a ZigBee module to transmit an alert
signal.

ZigBee technology is used because it is low power, low cost, reliable, and suitable for short-range communication. The
alert message is received by ZigBee modules installed in nearby vehicles, which then activate warning indicators such
as buzzers, LEDs, or display messages to inform drivers about the accident ahead. This early warning allows drivers to
slow down, change lanes, or stop safely.

Overall, the ZigBee Based Nearby Vehicle Accident Alert System plays a crucial role in improving road safety,
minimizing traffic congestion after accidents, and providing a fast, automated method of accident notification without
human intervention.

The ZigBee Based Nearby Vehicle Accident Alert System helps drivers take preventive actions such as slowing down,
changing routes, or maintaining a safe distance. This significantly reduces the chances of chain collisions and improves
overall road safety. The system is cost- effective, easy to install, and can be integrated into existing vehicles, making it
suitable for both urban and highway traffic conditions.

In conclusion, this system provides a smart, automatic, and reliable solution for accident detection and nearby vehicle
alerting, contributing to safer transportation and saving human lives.

1. PROPOSEDSYSTEM
The proposed system aims to design and implement an automatic accident detection and nearby vehicle alert
mechanism using ZigBee wireless communication. Unlike conventional systems that rely on manual reporting or
cellular networks, this system provides instant, localalerts to surrounding vehicles, thereby reducing response time and
preventing secondary accidents.
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In the proposed system, each vehicle is equipped with a sensor unit, a microcontroller, and a ZigBee transceiver. The
sensor unit includes components such as a vibration sensor, accelerometer, or tilt sensor to continuously monitor the
vehicle’s motion and impact levels. These sensors detect sudden shocks or abnormal changes that indicate a possible
accident.

When an accident occurs, the microcontroller analyzes the sensor data and compares it with predefined threshold
values. If the values exceed the safe limit, the system confirms the accident. Immediately, the microcontroller activates
the ZigBee transmitter, which broadcasts an emergency alert message containing accident information to nearby
vehicles within its communication range.

Vehicles receiving this alert through their ZigBee receivers trigger warning mechanisms such as buzzers, LEDs, or
display messages, informing drivers about the accident ahead. This early warning enables drivers to take precautionary
actions like reducing speed, changing lanes, or stopping safely.

The proposed system operates on low power, is cost-effective, and does not depend on internet or GSM networks,
making it reliable even in remote or network-deficient areas. Additionally, the system supports quick data transmission
with minimal delay, which is essential for real-time accident alerts.

Overall, the proposed ZigBee Based Nearby Vehicle Accident Alert System enhances road safety, minimizes traffic
congestion, and provides a practical and efficient solution for real-time vehicle-to-vehicle accident alerting.

1. LITERATUREREVIEW

Road accidents remain a major global safety concern, with a significant number of fatalities occurring due to delayed
warning and secondary collisions involving nearby vehicles. To address this issue, researchers have proposed
automatic accident detection and alert systems that use sensors and wireless communication technologies to notify
surrounding vehicles or authorities in real time. Among various communication options, ZigBee-based solutions are
widely explored due to their low power consumption, low cost, short-range reliability, and suitability for localized
vehicle-to-vehicle (V2V) communication.

Several project-level implementations and short research papers demonstrate the feasibility of ZigBee-based accident
alert systems using microcontrollers (Arduino, PIC, ARM), vibration/accelerometer sensors, and ZigBee
transceivers. These studies report fast local alerting and reduced dependency on cellular networks, though they
also highlight challenges such as limited communication range, scalability, and performance at high vehicle speeds.

A. Project/Prototype Implementations

S. S. Pethakar, N. Srivastava, S. D. Suryawanshi (2014) proposed an “Automatic Vehicle Accident Detection and
Reporting System” that uses sensors to detect collisions and wireless communication for alert transmission. Although
the system primarily focuses on accident detection, the authors emphasize

The importance of instant nearby alerts to reduce secondary accidents, motivating the use of short-range
communication technologies like ZigBee.

R. Bajaj, S. Mishra, A. Gupta (IRJET, 2018) presented a ZigBee-based vehicle accident alert system using a
vibration sensor and Arduino controller. When an accident is detected, an alert message is broadcast to nearby vehicles
equipped with ZigBee receivers. The prototype demonstrates quick response time and reliable short-range
communication, suitable for urban traffic conditions.

K. Praveen Kumar, P. Sai Teja, B. Harish (IJRASET, 2019) developed a Nearby Vehicle Alert System Using
ZigBee, where accident information is transmitted wirelessly to surrounding vehicles to trigger warning indicators. The
authors report that ZigBee communication is effective for localized alerts within a few hundred meters, helping
drivers take preventive action.

Various conference and open-access reports(IRJET,IJARSCT,IJSRD,
2017-2025) describe similar system architectures consisting of:

These studies consistently report low system cost, short alert transmission time (milliseconds to seconds), and ease
of implementation, making ZigBee suitable for academic prototypes and small-scale deployments.
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V. EMBEDDED SYSTEMS

An embedded system is a specialized computing system designed to perform dedicated functions or tasks within a
larger system. Unlike general-purpose computers, embedded systems are optimized for specific applications and often
have constraints in terms of processing power, memory, and storage. They are typically integrated with hardware and
run software (often called firm ware) that directly interacts with that hardware.

Embedded systems are used in a wide range of applications, from household appliances like washing machines and
microwaves to critical systems in automobiles, healthcare devices, industrial machines, and consumer electronics.
These systems are designed to be reliable, efficient, and real-time, often operating continuously with minimal human
intervention. Embedded systems are integral parts of modern life, from controlling household appliances to ensuring
safety in automobiles. These systems are usually designed with a focus on efficiency, reliability, and specific
functionality. As technology evolves, the role of embedded systems is growing, especially in the realm of the Internet
of Things (10T), where many devices are becoming interconnected and smarter.

V. ANALYSIS AND DESING

The ZigBee-based nearby vehicle accident alert system is designed to detect vehicle accidents automatically and
immediately alert nearby vehicles and emergency responders using short- range wireless communication. This
helps reduce response time and prevents secondary accidents.

1. System Initialization (Vehicle Setup)

» Sensor Installation:
Each vehicle is equipped with sensors such as an accelerometer, vibration sensor, and optionally a tilt sensor to
detect sudden impacts, abnormal vibrations, or vehicle rollovers.

*  Microcontroller Unit (MCU):
A microcontroller continuously monitors sensor data and processes signals to detect accident conditions.

*  ZigBee Module Configuration:
A ZigBee transmitter—receiver module is configured with a unigue vehicle ID and communication range. It enables
wireless data transmission to nearby vehicles and roadside units.

2. Accident Detection

+  Continuous Monitoring:
During vehicle operation, sensors continuously measure acceleration, shock intensity, and tilt angle.
« Accident Trigger Condition:
When sensor values exceed predefined thresh old levels (e.g., sudden deceleration, high impact force), the system
identifies it as a possible accident.
- Signal Generation:
Once an accident is detected, the microcontroller generates an emergency alert signal.

3. Alert Transmission via ZigBee

«  Emergency Message Creation:
The alert message contains essential information such as:

1. Vehicle ID

2. Accident status

3. Time of accident

4. Optional GPS location (if GPS module is integrated)

*  Wireless Broadcasting:

The ZigBee module broadcasts this alert message to all nearby ZigBee-enabled vehicles and roadside unitswithin
range.
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4.  Alert Reception by Nearby Vehicles

» Signal Reception:

Nearby vehicles equipped with ZigBee receivers receive the accident alert message.
*  Warning Display/ Alarm:

The system activates:

A buzzer or alarm An LCD display message such as “Accident A head-Drive Carefully ” Driver Awareness:
This early warning allows drivers to slow down or change route, preventing further collisions.

5. Emergency Response (Optional Extension)

*  Message Forwarding:

The alert can be forwarded to:
1. Emergency services
2. Traffic control centers
3. Nearby hospitals

» Faster Assistance:
Early notification helps emergency teams reach the accident location quickly, reducing casualties.

System Flow Summary

i.  Monitoring: Sensors continuously monitor vehicle motion and impact.

ii. Accident Detection: Sudden abnormal conditions trigger accident detection.
iii. Alert Transmission: ZigBee broadcasts the accident alert message.

iV. Warning Reception: Nearby vehicles receive alerts and notify drivers.

V. Response: Drivers take precautions; emergency services may be informed.
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Fig. Circuit ZigBee-based nearby vehicle accident alert system
V1. SOFTWAREUSED

Arduino is a prototype platform based on an easy-to-use hardware and software. It consists of a circuit board, which
can be programmed and a ready-made software called Arduino IDE, which issued to write and upload the computer
code to the physical board.

Key Features:
a. Arduino boards are able to read analog or digital input signals from different Sensors and turn it into an output
such as activating a motor, turning LEDon/off, connect to the cloud and many other actions.
« It can control the board functions by sending a set of instructions to the microcontroller on the board via
Arduino IDE.
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»  Most previous programmable circuit boards, Arduino does not need an extra piece of hardware (called a
programmer) in order to load a new code onto the board. You can simply use a USB cable.

» Additionally, the Arduino IDE uses a simplified version of C++, making it easier to learn to program.

»  Finally, Arduino provides a standard form factor that breaks the functions of the microcontroller into a more
accessible package. After learning about the main parts of the Arduino UNO board, we are ready to learn how
to set up the Arduino IDE. Once we learn this, we will be ready to upload our program on the Arduino board.

Download the Arduino IDE

Windows instatier, for Windows XP and up
Windows zip fik for non admin install

ARDUINO 1.8.12

The open-source Arduino Software (IDE) makes i easy to

ode and upload it to the board.
"

Windows app Requires Win 810110

Mac OS X108 Mountain Lion or newer

are
‘can be used with any Arduino board Linux 32 bits
Refer to the Getting Started page for installation Linux 64 bits
nstructions, Linux ARM 32 bits.
Linux ARM 64 bits

Checksums (shas12)

Figure: Arduino IDE
VII. RESULT

Vehicle-1

Vehicle-2

VIIl.  CONCLUSION

The ZigBee Based Nearby Vehicle Accident Alert System is an effective and reliable solution for improving road
safety by enabling automatic accident detection and real-time alert transmission. By using sensors such as
accelerometers and vibration sensors, the system can accurately detect accident conditions without requiring any
manual intervention from the driver.
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The integration of ZigBee wireless communication allows accident information to be instantly shared with nearby
vehicles, providing early warnings and helping to prevent secondary collisions. The use of a microcontroller ensures
fast processing and accurate decision-making, while alert mechanisms like buzzers and LCD displays improve driver
awareness.

Overall, this system offers low cost, low power consumption, and high reliability, making it suitable for practical
implementation in vehicles. With further enhancements such as GPS integration and emergency service connectivity,
The system can significantly reduce response time during accidents and help save lives. Hence, the ZigBee-based
accident alert system proves to be a valuable contribution toward safer and smarter transportation systems.

IX. FUTURE SCOPE

The ZigBee Based Nearby Vehicle Accident Alert System has strong potential for further enhancement and real-world

deployment. Some important future improvements are listed below:

1. Integration with GPS and Cellular Networks:

Combining the ZigBee-based alert system with GPS and GSM/4G/5G communication to automatically send
accurate accident location details to emergency services, hospitals, and traffic authorities for faster response.

2. Cloud-Based Systems and Data Security: Secure storage and processing of biometric data on cloud platforms,
enabling centralized monitoring and real- time analytics of exam security across multiple locations.

3. Cloud-Based Monitoring and Data Analytics: Accident data can be uploaded to cloud platforms for centralized
monitoring, real-time analysis, and long-term storage. This can help authorities identify accident-proneareas and
improve traffic safety planning.

4. Al-Based Accident Detection and Decision Making:

Incorporating artificial intelligence and machine learning algorithms to analyze sensor data and distinguish real
accidents from minor shocks, speed breakers, or potholes, thereby reducing false alerts.

5. Integration with Vehicle-to-Vehicle (V2V) and Smart Transportation Systems:

The system can be expanded to support V2V communication, allowing vehicles to automatically share accident
information and coordinate speed reduction or route diversion, enhancing overall road safety.

6. Increased Affordability and Large-Scale Adoption:

With advancements in low-power wireless technologies and cost-effective sensors, the system can become more
affordable and be widely adopted in commercial vehicles, private cars, and two-wheelers, especially in developing
regions.
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