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Abstract— Traffic collisions remain a major cause of deaths all over the world. Many fatalities occur because of delays in emergency response instead of the crash itself. Our study presents a budget-friendly accident detection and alert system based on an Arduino platform, which combines GSM and GPS modules. Unlike traditional models, this system uses a jerk-based vector magnitude algorithm to analyse quick changes in acceleration from a G-sensor. This approach helps distinguish between real collisions and minor issues like potholes or sudden braking. When a crash is confirmed, the system automatically gets the vehicle’s location through a SIM808BL module and sends the coordinates via SMS to registered emergency contacts. It also includes a manual override button to reduce false alerts. The system is designed to work without internet access, making it useful in remote areas. Experimental tests showed that the prototype detected 90% of simulated collisions and filtered out 90% of harmless disturbances. It had an average notification delay of six seconds. Overall, this design offers a simple and affordable way to speed up emergency assistance and may decrease death rates which occur due to accidents.
Keywords—Accident Detection System, Communication Systems, GSM-GPS Module, Embedded Systems, Real-Time Notification
Introduction 
Road accidents are one of the major concerns of public safety around the world. According to the World Health Organization, many deaths caused by accidents do not necessarily occur from the actual collision but from delays in medical assistance within the critical "golden hour." Survival chances dramatically increase with the ability to quickly disseminate crash information to responders. In practice, however, manual reporting proves quite unreliable, especially on highways or remote areas where there are no onlookers. These issues bring into perspective the necessity for automated systems that detect vehicle accidents and immediately dispatch precise location information to emergency services.

Researchers have, for a long period of time, been interested in accident detection systems that utilize low-cost sensors and microcontrollers. Earlier designs relied, primarily, on the output of accelerometers and GSM text messages to detect crashes. While these systems demonstrated that inexpensive platforms, such as the Arduino Uno, could be used to monitor vehicle motion effectively, they tended to raise false alerts with every pothole, sharp turn, or sudden stop. Besides, relying entirely on the GSM signal greatly reduced their usefulness outside major cities. Though most of these early solutions had their problems, they indeed paved the path for safety systems on low budgets, which can always get better with improved sensors and means of communication.

These concepts were used in building a practical and reliable accident detection and alert mechanism using an Arduino Uno, G-sensor, and SIM808BL GSM/GPS module. The accelerometer tracks various axes of acceleration. When it detects a sudden change beyond the threshold set, the microcontroller will interpret this as a possible collision; immediately, it turns on the GSM-GPS module to get the exact coordinates of the vehicle and sends an automatic SMS message with a Google Maps link to specified emergency contacts. Also included is a manual override button that allows the driver to cancel the alert within a small window of time if it's inadvertently triggered. This feature adds a lot to the reliability of the system by significantly reducing false alerts. Operating on pure GSM communication, the setup requires no internet, hence assuring usability even in low-connectivity areas.

It represents an affordable alternative to sophisticated commercial systems fitted in higher class vehicles. It is compact, energy-efficient, and can be easily adjusted to different types of vehicles, which will be highly advantageous in developing countries. Automatic detection, GPS-based location, and message transmission have been combined into one unit to help reduce the response time and improve the post-crash outcome. The open-source design architecture has made the design a platform for successive upgrades, such as combining multiple sensors or enhancing filtering techniques..
Literature Review
Prem Kumar et al. in their research work [6] informed us about the increasing use of IoT and embedded systems for quick accident response. It is possible to broadly organize the literature into three categories with different trade-offs each.
First, the most popular and cost-effective architecture uses low-cost microcontrollers, such as Arduino, along with sensors and communication modules. For instance, systems described by Meshram & Nagaraju [7], Bhawkar et al. [8], and Gowri et al. [11] use accelerometers for impact detection and GSM/GPS modules to send automated SMS alerts with location details. Chodavadiya et al. [9] improve this model by adding a manual cancellation switch to prevent false alerts, which our design also includes. However, a key limitation of this hardware-focused model is its dependence on fixed G-force thresholds. If the threshold is set too low, it triggers alerts from potholes or hard braking. If set too high, it may miss real collisions that are less direct.
Second, to improve accuracy, many studies turn to software-based methods, including machine learning and artificial intelligence. These approaches go beyond simple impact detection to assess severity using additional data such as road conditions and weather [2], or by combining multiple sensors with cloud processing [10,12]. For example, Nassar & Al-Tuwaijari [4] use AI on surveillance footage to detect accidents outside the vehicle. While these methods show better performance, they usually need more computational power, stable connectivity, and large labelled datasets, which makes them less suitable for a low-cost in-vehicle solution.
Third, there are design trade-offs regarding the options of communication technologies. Most of the existing systems are based on GSM networks, which offer a wider coverage area and easily send able SMS alerts [7,8,11]. Nevertheless, GSM could be quite unreliable in rural or remote areas. Other alternatives have also been reviewed, including a fog-computing framework presented by Tao et al. [3] and low-power long-range networks like LoRaWAN. While these alternatives seem promising, they lack the vast infrastructure that GSM boasts, so GSM is the more practical choice when considering widespread application.
Other works explore a variety of hardware platforms. For instance, sensors in drivers' smartphones can be used in developing a low-cost app-based detection system [1]. This approach presents a good cost opportunity but assumes the driver's phone is present, charged, and connected. Other research integrates accident-alert capability into a larger system; examples include anti-theft vehicle modules [5], but these may add cost or complexity unrelated to the core detection function.
In other words, the review indicates a clear gap between two main approaches: affordable hardware-based systems [7,8,9,11] plagued by false positives and negatives, while higher-accuracy AI/ML-based solutions [2,4,10,12] have higher costs due to added complexity. Our proposed work aims to bridge this gap with the affordability and simplicity of the microcontroller-based model while improving detection reliability with a lightweight jerk-based vector-magnitude algorithm instead of a simple G-force threshold. Combined with established GSM communication, this should yield a practical, strong system that balances cost, ease of deployment, and resistance to false alarms.
Implementation
The proposed accident detection system uses an Arduino Uno, ADXL335 accelerometer, and SIM808 GSM module. The accelerometer’s X, Y, and Z outputs are connected to the Arduino analog pins for real-time data acquisition
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Fig.1 Arduino, ADXL335, and SIM808 connections.

These components were chosen for a good balance of cost, reliability, and functionality. The ADXL335 was selected for its 3-axis analog output and high sensitivity to sudden shocks. The SIM808BL module was important because it combines both GSM and GPS functions into one low-cost unit. The Arduino Uno acts as a dependable open-source controller with enough processing power for our filtering and jerk-detection algorithm.

The serial monitor output (Fig. 3) shows a real-time stream of the filtered X, Y, and Z accelerometer readings. This output was crucial during development. It allowed us to visually check that our moving average filter was effectively reducing sensor noise and providing a stable data stream for the jerk algorithm.

[image: ]
Fig.2 Serial monitor output showing ADC values from ADXL335

A 10-sample moving average filter is applied to the raw accelerometer data before calculating jerk. This filter helps reduce high-frequency sensor noise and vibrations from vehicle operation. It provides a smoother signal for the important jerk computation. The window size of 10 was chosen based on tests that showed an optimal balance between reducing noise and keeping the sharp, low-latency spike that indicates a collision.
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Fig.3 Arduino code for moving average filter and jerk calculation

To convert the raw ADC reading to voltage (in volts), use:


where  is the reference voltage for the ADC.
e.g.
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Following the moving average filter, the core of our detection logic is the jerk calculation. We define jerk (J) as the rate of change of acceleration between two consecutive time steps (t and t-1).
This is calculated as the vector magnitude of the difference in acceleration on each axis, using the following formula:

This J value, which represents the 'jerk magnitude', is then compared against our calibrated threshold (shown in Fig. 4) to detect a collision


[image: ]Fig.4 Threshold logic for jerk and alert trigger in Arduino code

A critical step was calibrating the jerkMagnitudeThreshold. We determined this value through observation. First, we recorded the maximum jerk values from various non-critical events, like hard braking and driving over potholes. Next, we recorded the minimum jerk values from simulated collision impacts.

The communication subsystem used the SIM808, which provided both cellular (GSM) and geolocation (GPS) services. The Arduino interacted with the SIM808 over UART using standard AT commands. When a verified detection occurred, the system created a structured SMS alert. This alert included a Google Maps link with live GPS coordinates of the incident location and sent it via GSM to preset emergency contacts.
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Fig.5 Actual Implementation
Results 
To validate the system's performance, we conducted a series of controlled tests. High-impact collisions were simulated by A calibrated pendulum strike, while non-critical events were simulated by dropping the device from 1 meter and driving over 5 large potholes. Response time was measured from the moment of impact to the moment the SMS was received on a test phone.

AT commands are used for SIM808 communication, as confirmed by serial monitor outputs

[image: ]
Fig.6 Serial Monitor output showing AT command response from SIM808

System validation involves confirming sent alerts and received SMS on a mobile device. The device detected and classified simulated accident events reliably during tests. The Arduino serial monitor verified correct sensor acquisition and response. AT command exchanges confirmed that the system was ready to send SMS notifications. 

SMS alerts sent to emergency contacts included the event type and a location link, following all steps of detection and alert protocol.
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Fig.7 Received emergency alert SMS on a mobile device


Figure 7 shows a test SMS. The 'AT' commands and '@@@' symbols are debug artifacts from the serial communication and are not present in the final user-facing alert
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Fig.8 False alert message

To improve reliability, we added a manual override mechanism. As shown in Figure 1, a push button connects to the Arduino. When the system detects a jerk event, it enters a 30-second alert window and turns on an indicator LED. If the driver is safe, they can press this button within the 30-second period to cancel the alert.

The system's accuracy in distinguishing between true and false events is detailed in Table 1.


	Test
	No of Tests
	Alerts Triggered
(Correct)
	Alerts not Triggered
(Correct)
	False Positives

	Simulated Crash
	20
	18(90%)
	2
	0

	Pothole/Drop
	20
	2
	18(90%)
	2

	Hard Breaking
	20
	0
	20(100%)
	0


Table.1 Test results

The system's latency and localization performance are summarized in Table 2.

	Metric
	Avg Result

	Time from Impact to Alert send
	2.2 Seconds

	Time from Impact to Alert received
	6 seconds

	GPS Accuracy
	Closet Location on google maps from Impact
Approx 14-15 meters


Table.2 System Performance Metrics

V. Future Scope
Based on the work that we are doing, several avenues have been identified where this project could be improved upon in the future. First, we would like to expand the system's capability of detection. By complementing the present accelerometer with a gyroscope, the system could detect vehicle rollover events in addition to direct impacts. This would provide a clearer picture of the nature of the accident. We also would like to further develop the algorithm to estimate impact severity; this could assist emergency services in dispatching an appropriately scaled response.

Second, we want to increase the communication reliability of the system. So far, the existing design relies solely on the GSM network; this cannot be guaranteed in very remote areas. We will proceed with a dual-channel communication system: adding a LoRa module as a low-power backup to ensure an alert can be sent even when cellular service fails.

A major next step will be the making of a cloud-based analytics platform. It might be configured such that the system sends anonymized accident data to it, along with time, location, and impact force.
VI. Conclusion
The paper proposes the design and implementation of a low-cost Arduino-based accident detection and alert system. The main contribution of this work is the use of a lightweight, jerk-based vector magnitude algorithm. It offers a more accurate method for detection than simple G-force thresholding without requiring the overhead complexity of an AI model.

Its effectiveness was then verified by performing experimental testing. Results indicated that the algorithm successfully detected 90% of simulated high-impact collisions and correctly rejected 95% of noncritical events like potholes or sudden braking, where most false alarms commonly occur. The time it takes for an alert to be transmitted was also fast, at an average of 6 seconds from event detection to SMS receipt.

The introduction of a manual override mechanism makes the system more practical because the driver can cancel any alerts that were set off by accident. Since our system works independently of internet connectivity, with components relatively cheap and widely available, it is practical and cost-effective. It effectively addresses the gap identified in the literature, providing a reliable and scalable framework that balances the accuracy of advanced systems with the low cost of simple hardware.
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// Alert logic now uses the vector magnitude

if ((jerkMagnitude > jerkMagnitudeThreshold) 8 (millis() - lastAlertTime > alertInterval)) {
Serial.println("A Jerk Detected!
sendAlert();
lastAlertTime = millis();

¥

// Update previous values for the next loop
prevX = ax;
prevY = ay;
prevZ

az;

delay(56); // Adjust for responsiveness
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