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This paper presents a cost-effective real-time accident detection Dr. Srilatha Y "Real-Time Accident

system for two-wheelers using an ADXL.335 analog accelerometer
and Arduino Mega microcontroller. The system continuously
monitors acceleration patterns along X and Y axes to detect sudden
jerks or impacts indicative of potential accidents. Upon detection of
acceleration magnitudes exceeding a predefined threshold of 1.5g,
the system activates an audible alert mechanism using a buzzer
controlled through an RC timing circuit. The proposed solution
addresses the critical issue of delayed accident detection, particularly
in remote areas, by providing immediate local alerts. Experimental
results demonstrate reliable detection of collision-like events while
minimizing false alarms during normal riding conditions. The system
achieves a response time of less than 100ms with power consumption
suitable for battery operation, making it practical for real-world

deployment on two-wheelers.
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L. INTRODUCTION

Road accidents involving two-wheelers constitute a
significant portion of traffic-related fatalities globally,
with delayed emergency response often exacerbating
the severity of outcomes. Traditional accident
detection methods rely on manual reporting or
witness accounts, leading to critical delays in
emergency assistance. The proliferation of affordable
microcontroller platforms and MEMS sensors has
created opportunities for developing autonomous
accident detection systems that can provide
immediate alerts.

This paper presents a standalone accident detection
system specifically designed for two-wheelers,
utilizing analog accelerometer data to identify
collision-like events. Unlike smartphone-based
solutions that require additional hardware and
connectivity, our approach provides a self-contained
system that operates independently of external
infrastructure.
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The primary contributions of this work include:

»  Development of a low-cost analog accelerometer-
based detection algorithm

» Implementation of an RC timing circuit for
controlled alert duration

» Experimental validation under various riding
conditions

» Design of a compact PCB layout suitable for
vehicle integration

IL. Related Work

Previous research in vehicle accident detection has
explored various sensing modalities including
accelerometers, gyroscopes, GPS, and smartphone-
based solutions. Smartphone applications leverage
built-in sensors but suffer from inconsistent
placement and dependency on cellular networks.
Dedicated hardware solutions often incorporate
multiple sensors, increasing system complexity and
cost.
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Recent studies have demonstrated the effectiveness of
single-axis accelerometer systems for crash detection
in automotive applications. However, two-wheeler
accidents present unique challenges due to different
impact dynamics and the need for compact, robust
solutions that can withstand environmental
conditions.

Our approach differs from existing solutions by

focusing on analog signal processing for improved

sensitivity and implementing hardware-based timing

control to reduce software complexity and improve

reliability.

III.  System Design and Methodology

A. System Architecture

The proposed system consists of four primary

components:

1. ADXL335 Accelerometer: Provides analog
voltage outputs proportional to acceleration along
X and Y axes

2. Arduino Mega Microcontroller: Processes
sensor data and implements detection algorithm

3. Alert Mechanism: Buzzer activated through
transistor switching with RC timing control

4. Power Management: 6V battery supply with
optional overvoltage protection

B. B. Detection Algorithm

The detection algorithm implements the following

steps:

1. Data Acquisition: Continuous sampling of
analog voltages from ADXL335 X and Y outputs
at 10Hz

2. Signal Conditioning: Conversion of analog
readings to acceleration values using calibration

parameters
3. Vector Magnitude Calculation: Computation of
resultant  acceleration  magnitude  using:

a_magnitude = v (a_x%2+a_y?

4. Threshold Comparison: Trigger detection when
magnitude exceeds 1.5g threshold

S. Alert Activation: Buzzer activation for
predetermined duration using RC timing

C. C. Hardware Implementation

The ADXL335 accelerometer operates at 3.3V supply
voltage with a sensitivity of 300mV/g. Analog
outputs are connected to Arduino Mega pins A0 and
Al for X and Y axis monitoring respectively. The
buzzer control circuit employs a 2N2222 NPN
transistor as a switching element, preventing direct
loading of Arduino output pins.

The RC timing circuit, consisting of a 100uF
capacitor and 10kQ resistor, provides approximately
1-second buzzer pulse duration, calculated using the
standard RC time constant formula:

=R x C=10kQ x 100uF =1 second

IV.  Software Implementation

The Arduino firmware implements a polling-based
approach for continuous sensor monitoring. Key
software components include:

A. Sensor Calibration

cpp

const float supplyVoltage = 5.0; / Arduino supply
voltage const float zeroGVoltage = 2.5; // Voltage
at Og const float sensitivity = 0.3; // Sensitivity
(300 mV/g)

B. Detection Logic

The main detection algorithm converts raw ADC
values to physical acceleration units:

cpp float voltageX = (rawX / 1023.0) *
supplyVoltage; float accelX = (voltageX —
zeroGVoltage) / sensitivity; float accelXY =
sqrt(accelX * accelX + accelY * accelY);

C. State Management

The system maintains buzzer state tracking to prevent
retriggering during active alert periods:

cpp if (buzzerOn && accelXY >=
accelerationThreshold) { buzzerOn = true;
buzzerStartTime = millis();

digitalWrite(buzzerPin, HIGH);

}

V. Experimental Results and Analysis

A. Testing Methodology

The system underwent comprehensive testing under

three primary scenarios:

1. Normal Riding Conditions: Standard
acceleration, braking, and turning maneuvers

2. Controlled Impact Testing: Simulated collision
events using controlled drops and impacts 3.
Environmental Testing: Operation under various
temperature and vibration conditions

B. Performance Metrics

Detection Accuracy: The system achieved 95%
detection rate for simulated collision events
exceeding 1.5g magnitude while maintaining false
positive rate below 2% during normal riding
conditions.

Response Time: Average detection-to-alert latency
measured at 87ms, including sensor sampling,
processing, and output activation.

Power Consumption: Average current draw of
45mA  during monitoring mode, providing
approximately 48 hours of continuous operation with
a 2200mAh battery.

C. Sensitivity Analysis

Threshold sensitivity analysis revealed optimal
performance at 1.5g, balancing detection reliability
with false alarm suppression. Lower thresholds (1.0g)
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increased false positives during aggressive riding,
while higher thresholds (2.0g) reduced sensitivity to
minor collisions.

VI.  Circuit Design and PCB Layout
The complete circuit schematic incorporates the
following key connections:

ADXL335 Connections:

» X-OUT — Arduino A0

» Y-OUT — Arduino Al

» VCC — 3.3V regulated supply
» GND — Common ground

Buzzer Control Circuit:

Buzzer positive terminal — 6V supply

Buzzer negative terminal — 2N2222 collector
2N2222 emitter — Ground

2N2222 base — Arduino Pin 8 (via 10k current
limiting resistor)

RC Timing Network:

» 100uF capacitor between transistor base and
ground

» 10kQ resistor in series with base connection

YVVVY

The PCB layout prioritizes signal integrity by
maintaining short analog signal paths and proper
ground plane distribution. Component placement
considers thermal management and mechanical stress
factors relevant to vehicular applications.

VII. Discussion and Limitations

A. System Advantages

The proposed system offers several advantages over

existing solutions:

» Standalone Operation: No dependency on
external networks or smartphones

» Low Cost: Total component cost under $25 USD

» Real-time Response: Sub-100ms detection
latency

» Compact Form Factor: PCB dimensions
suitable for discreet vehicle mounting

B. Current Limitations

Several limitations were identified during testing:

» Context Awareness: System cannot distinguish
between intentional jerks (emergency braking)
and actual accidents

» Environmental
implementation
outdoor use

» Communication Capability: Alert mechanism
limited to local audible signals without remote
notification

Protection: Current
lacks weatherproofing for

C. Interference and Noise Considerations

Road vibrations and engine-induced accelerations can
potentially trigger false positives. The current
implementation relies on magnitude thresholding,

which may not be optimal for all riding conditions.
Future iterations should incorporate signal filtering
techniques such as Kalman filtering or moving
average algorithms.

VIII. Future Work and Enhancements

A. Enhanced Detection Algorithms

Future development should focus on implementing
machine learning approaches for improved
classification of genuine accidents versus normal
riding events. Features such as acceleration pattern
recognition and temporal analysis could significantly
reduce false alarm rates.

B. Communication Integration

Integration of GSM/GPS modules would enable
automatic emergency notification with location data,
transforming the system from a local alert device to a
comprehensive emergency response system.

C. Multi-Sensor Fusion

Incorporation of additional sensors (gyroscopes,
magnetometers) could provide more comprehensive
motion analysis and improve detection accuracy
under diverse accident scenarios.

D. Power Optimization

Implementation of sleep modes and wake-on-motion
capabilities could extend battery life significantly,
making the system more practical for long-term
deployment.

IX.  Conclusion

This paper presented a practical and cost-effective
accident detection system for two-wheelers using
analog accelerometer technology and Arduino-based
processing. The system successfully demonstrates
real-time detection capabilities with acceptable
accuracy levels while maintaining simplicity and
affordability.

The experimental results validate the feasibility of
using basic electronic components to create reliable
safety systems without requiring complex or
expensive technologies. The analog sensing approach
provides sufficient sensitivity for collision detection
while the hardware-based timing control ensures
consistent alert behavior.

The proposed system represents a significant step
toward democratizing vehicle safety technology,
making accident detection accessible to a broader
population of two-wheeler users. While current
limitations exist, the modular design facilitates future
enhancements and integration of additional
capabilities.

Future work will focus on improving detection
algorithms, adding communication capabilities, and
enhancing environmental robustness to create a
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comprehensive accident response system suitable for
widespread deployment.
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