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Abstract—Accidents on roads frequently go unreported 

during the first few critical minutes, resulting in delayed 

medical assistance and increased fatality rates. To 

overcome this challenge, an autonomous accident 

detection and alert system is developed using a 

combination of embedded sensors and communication 

modules. The system continuously observes vehicle 

motion using an accelerometer and a vibration sensor to 

identify abrupt impacts that indicate potential collisions. 

Once an accident is detected, the device acquires real-

time geographical coordinates from a GPS module and 

instantly sends an emergency message through a GSM-

based communication channel. An alert buzzer is 

included to prevent false alarms. The system is designed 

to operate independently of internet services, ensuring 

reliability in remote and low-network areas. 

Experimental evaluation shows that the system delivers 

fast response times, accurate impact detection, and 

dependable alert transmission. This work demonstrates 

a practical, low-cost solution for enhancing vehicle safety 

and enabling timely emergency intervention. 

 

I. INTRODUCTION 

  

The rise in road transportation has made accident 

prevention and quick emergency response essential 

components of public safety. While vehicle safety 

technologies have improved, the primary cause of fatal 

outcomes often remains the delay between the 

accident and the arrival of assistance. In many cases, 

victims are unable to call for help due to injuries, loss 

of consciousness, or isolation at the accident site. 

Manual reporting therefore becomes unreliable. 

Conventional approaches such as smartphone-based 

accident detection depend heavily on internet 

connectivity, device orientation, user interaction, and 

battery availability. These limitations reduce their 

effectiveness in real-world emergency scenarios, 

especially in rural or low-signal regions. Cloud-

dependent solutions face similar challenges and may 

not function consistently in dynamic environments. 

To address these constraints, an independent 

microcontroller-based accident detection system is 

proposed. It integrates multiple sensors to detect 

severe impacts and uses GSM communication to 

notify emergency contacts. The design does not rely 

on internet availability or human intervention, 

enabling continuous operation under diverse 

conditions. The system’s integration of local 

processing, autonomous alert generation, and position 

tracking makes it suitable for two-wheelers, passenger 

vehicles, and small transport units. 

The objective of this project is to develop a robust and 

economical accident detection mechanism that ensures 

quick and accurate reporting of incidents using 

minimal hardware. Through embedded sensing and 

real-time communication, the system aims to bridge 

the critical gap between the occurrence of an accident 

and the initiation of rescue operations. 

 

II. MATERIALS AND METHODS 

 

A. Hardware Components 

1. Arduino Uno: 

Acts as the central controller responsible for acquiring 

sensor data, executing decision logic, and coordinating 

communication tasks. 

2. Accelerometer: 

Measures sudden changes in acceleration along 

multiple axes, enabling identification of abrupt 

collisions or rollovers. 

3. Vibration Sensor: 

Detects sharp mechanical shocks that commonly occur 

during accidents and validates accelerometer readings. 

4. GPS Module: 

Determines the real-time latitude and longitude of the 

accident location through satellite signals. 

5. GSM Module: 
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Transmits emergency alert messages containing 

location details to registered contacts using standard 

mobile communication networks. 

6. Buzzer and LCD Display: 

The buzzer provides alert tones for false alarm 

cancellation, while the display indicates system status. 

7. Supporting Electronics: 

Includes wires, regulators, and a protective casing for 

mounting the components securely. 

  

B. Software Tools: 

• Arduino IDE for programming and uploading 

code 

• Embedded C for microcontroller logic 

• Serial monitoring tools for debugging sensor data 

• AT commands for GSM operations 

 

C. System Modules and Algorithms:  

The system is assembled on a microcontroller board 

where sensors are connected to analog and digital pins. 

The GPS and GSM modules communicate through 

serial interfaces. The accelerometer and vibration 

sensor are calibrated to detect sudden changes without 

reacting to normal road disturbances. All components 

are enclosed in a fixed housing to prevent movement-

induced noise.  

 

D. Detection Methodology:  

1. Continuous Monitoring: 

Sensor readings are collected repeatedly to establish 

baseline values and detect deviations that indicate 

accidents. 

2. Threshold Evaluation: 

Each sensor value is compared against predefined 

safety limits. High acceleration or strong vibration 

beyond these limits triggers a potential accident flag. 

3. Verification Phase: 

To prevent false triggers from bumps or potholes, both 

sensors must cross the threshold simultaneously, 

ensuring reliable event detection. 

4. User Alert: 

A buzzer activates to allow the rider to cancel 

accidental triggers. 

5. Location Retrieval: 

If no cancellation is detected, the system extracts GPS 

coordinates from the satellite signals. 

6. Message Transmission: 

The GSM module sends an emergency alert containing 

the accident message and location details to selected 

contacts.  

E. Data Handling:  

All decisions are processed on the microcontroller 

without external servers. The alert message includes: 

• Confirmation of accident 

• Latitude and Longitude 

• Navigation link for quick access to the location 

This ensures that emergency responders can quickly 

identify and reach the accident site.  

 

III. RESULTS AND DISCUSSION 

 

A. System Testing 

The prototype was tested under controlled conditions 

that simulate real accident scenarios. Key findings 

include: 

• Sudden mechanical shocks were accurately 

detected using the combined sensor approach. 

• GPS location acquisition was quick in open areas 

and slightly delayed in semi-urban surroundings. 

• SMS alerts were consistently delivered when the 

GSM signal was available. 

• The buzzer-based cancellation method effectively 

prevented false alarms. 

 

B. Performance Summary 

 

Condition Detection Accuracy Alert Reliability Observations 

Open Roads High High GPS lock fast and accurate 

Urban Areas Moderate–High High Minor deviation in 

coordinates 

Indoor / Covered Low Moderate GPS lock delayed or 

unavailable 
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C. Discussion 

The observations indicate that multi-sensor detection 

greatly improves accuracy compared to using a single 

sensor. The absence of internet dependency ensures 

the system works even in remote locations. However, 

GPS performance remains dependent on 

environmental visibility, and GSM alerts require at 

least minimum network availability. 

Despite these limitations, the system is practical, 

affordable, and effective for early-stage accident 

detection applications. It also provides a solid 

foundation for enhancements such as intelligent 

thresholds, cloud integration, and advanced tracking. 

  

IV. HELPFUL HINTS 

  

• Mount all components in a stable enclosure to 

avoid unnecessary vibrations. 

• Ensure the GPS antenna faces upward for better 

satellite reception. 

• Modify threshold limits based on the type of 

vehicle used. 

• Avoid loose wiring to prevent noise in analog 

readings. 

• Check GSM network strength before installation. 

• Test all modules individually before integrating 

the complete system. 

• Use a regulated power supply to avoid module 

resets. 

  

V. CONCLUSION 

 

This project demonstrates a functional IoT-based 

accident detection and alert mechanism built using 

simple embedded components. By combining sensor-

based impact detection with GSM-based 

communication and GPS-based location tracking, the 

system provides a reliable way to report accidents 

automatically. The design is lightweight, economical, 

and capable of operating in areas without internet 

connectivity. Experimental analysis shows strong 

detection accuracy, quick response time, and 

dependable alert delivery. Future developments may 

explore adaptive sensing, mobile app support, and 

enhanced positioning methods to improve overall 

system performance. 
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