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Abstract—This research pioneers a ground-breaking system 

meticulously engineered to swiftly detect vehicular accidents and 

dispatch immediate alerts to both emergency services and pre-

assigned contacts. This symphony of cutting-edge technologies 

includes an accelerometer sensor attuned to detect acceleration in 

any vector, a dynamic Liquid-Crystal Display (LCD) display for 

rapid alert dissemination, an assertive buzzer for resonant 

alarms, a Global System for Mobile (GSM) module for the swift 

transmission of distress messages, and pinpoint location data 

provided by a Global Positioning System (GPS) module. A user-

friendly 'cancel' button acts as an escape hatch from potential 

false alarms. Orchestrated by the dexterity of an Arduino Uno 

microcontroller, this ensemble orchestrates a harmonious ballet 

of safety. This solution boasts cost-effectiveness, steadfastness, 

and unparalleled efficiency. Rigorous testing across diverse 

scenarios confirms its precision and robustness. By enhancing 

accident detection accuracy, expediting emergency responses, 

and facilitating rapid location dissemination, this innovation 

serves as a vital lifeline, empowering both passengers and rescue 

services upon accident initiation. With location data as its 

guiding star, emergency services gain a swift navigational edge, 

offering a beacon of hope in the battle against accident-related 

casualties. 

Keywords—Vehicle accident detection; microcontroller-based 

system; accelerometer sensor; Global Positioning System (GPS) 
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I. INTRODUCTION  

The innovative vehicle accident detection and alert system 
described in this article addresses a crucial gap in the existing 
safety mechanisms for vehicles. While traditional safety 
features like airbags and seatbelt tensioners have been valiant 
in their efforts, they often fall short in preventing accidents and 
lack the capability to swiftly relay critical information to 
emergency services and the victim's loved ones. 

The gap lies in the need for a comprehensive solution that 
not only detects accidents promptly but also initiates an 
immediate response. The current safety mechanisms, though 
effective to a certain extent, do not harness advanced 
technology to redefine accident prevention and response. 

To address the existing gap in vehicle safety, our research 
focuses on three pivotal questions. Firstly, we explore the 

integration of advanced technology to surpass traditional safety 
measures and enhance overall vehicle safety. Secondly, we 
delve into the identification of key components and features 
essential for a comprehensive vehicle accident detection and 
alert system. Lastly, we examine methods to ensure the 
system's capability to provide immediate and accurate alerts to 
both passengers and emergency services in the event of an 
accident. 

Aligned with these questions, our research objectives are 
multifaceted. Our primary objective is the design of a cutting-
edge vehicle accident detection and alert system. This system 
will incorporate a range of technologies, including a 
microcontroller, accelerometer sensor, LCD display, buzzer, 
GSM module, GPS technology, and a cancel button. 
Subsequently, our research aims to implement and rigorously 
test this system across various scenarios, ensuring its accuracy, 
timeliness, and reliability. In addition, we aspire to provide a 
cost-effective solution applicable to all types of vehicles, 
making advanced safety technology more accessible. Finally, 
our overarching goal is to enable immediate alerts for 
passengers and emergency services, facilitating a rapid 
response that holds the potential to save lives. These research 
objectives collectively contribute to advancing the field of 
vehicle safety and addressing critical gaps in current safety 
mechanisms. 

The significance of this research lies in its ability to fill the 
existing gap in vehicle safety measures. By introducing a 
comprehensive and efficient solution, we aim to redefine 
accident prevention and response, ensuring a safer and more 
secure transportation environment. The research contributes to 
the advancement of technology in vehicle safety, with potential 
implications for reducing accident-related fatalities and 
injuries. This innovative system has been designed with a focus 
on cost-effectiveness and reliability, making it widely 
applicable and impactful in enhancing overall road safety. 

The remainder of this paper is organized as follows: 
Section II delves into a discussion of related works, presenting 
an overview of existing research in the field. Section III 
described the system implementation and testing. Section IV 
describes the results and analysis meanwhile the conclusion is 
described in Section V. Lastly; future works is mentioned in 
Section VI. 
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II. RELATED WORK 

In the pursuit of safer roads and more efficient accident 
prevention, previous research has primarily focused on 
conventional safety measures such as airbag deployment and 
seatbelt tensioners. While these measures have made 
significant strides in enhancing vehicle safety, they face 
limitations in effectively detecting and preventing accidents, 
especially in real-time scenarios. This literature review 
explores the evolution of accident detection and response 
systems, leading to the proposed innovative method that 
leverages advanced technology to address the critical challenge 
of accurate and timely accident detection. 

Historically, vehicle safety measures centered around 
passive systems like airbags. However, these traditional 
approaches, while valuable in mitigating accident 
consequences, fall short in their ability to proactively prevent 
accidents or provide swift alerts to relevant parties in the event 
of an incident. Anand Gunadal's pioneering research harnessed 
MEMS accelerometers and GPS tracking to monitor vehicle 
behavior, particularly during accidents. These accelerometers, 
both analog and digital, detected changes in velocity and 
acceleration. The analog-to-digital conversion process allowed 
for precise analysis of these changes. Gunadal's work laid the 
groundwork for advanced accident detection systems, focusing 
on crucial alterations in vehicle motion for improved safety [1] 
[2]. 

The pursuit of smarter road safety gave rise to early 
innovations, such as the use of MEMS accelerometers and GPS 
tracking to monitor vehicle behavior and detect accidents. 
These systems demonstrated the potential to enhance accident 
detection by assessing acceleration forces and vehicle 
movements. Giriraj Gurjar's research introduced a discreet 
accident monitoring system that concealed equipment within 
vehicles. This system utilized GSM communication to transmit 
comprehensive accident reports, including temperature, smoke 
conditions, vehicle speed, and accident time [3]. It featured a 
MEMS accelerometer for continuous vehicle motion detection. 
During an accident, the MEMS accelerometer sensed the 
vehicle's movement and relayed this information to a 
microcontroller. GPS technology was employed to pinpoint the 
accident location, with graphical representation displayed on 
an LCD screen. Gurjar's work enhanced accident detection and 
reporting capabilities [4]. 

Purushotham and Kumar's research introduced a novel 
approach by utilizing GPS technology to track vehicles. Their 
system compared GPS data with pre-defined checkpoints and 
mapped the location on platforms like Google Earth [5]. This 
innovative approach streamlined the task of locating accident 
sites for rescue teams. Additionally, their system incorporated 
an ultrasonic wave sensor, which measured echo return time, 
providing valuable insights for accident detection. By 
combining GPS tracking, innovative sensing mechanisms, and 
location mapping, their project offered a comprehensive 
solution that enhanced both accident detection and efficient 
rescue operations [6]. 

Kassem and Jabr's research in [7] explored the diverse 
benefits of automotive black box systems. These systems, they 
noted, hold the potential to enhance vehicle design, aid 

accident victims' treatment, assist insurance providers in 
collision investigations, and influence traffic conditions to 
reduce fatalities. Their study emphasized the importance of 
effectively collecting vehicle data, achieved through a 
combination of basic components and sensors. Data was 
presented in real-time graphics and saved in an Excel file for 
further analysis. The hardware comprised sensors and a black 
box within the vehicle, recording data, including speed. 
Additionally, their research underscored the significance of 
analyzing vehicle lights, such as brake lights and flashers, to 
gain insights into accident investigations. Their adaptable 
Black Box system, applicable to various vehicles, initiated data 
recording upon engine startup, providing comprehensive 
insights [8]. Buyers received detailed reports containing all 
relevant data. Kassem and Jabr's work illustrated the potential 
of automotive black box systems in enhancing vehicle safety, 
accident investigations, and traffic management [9]. 

Watthanawisuth, et al.‘s study aimed to develop a wireless 
black box system tailored for monitoring motorcycle accidents. 
It featured a MEMS accelerometer and GPS tracking, enabling 
accident type detection, post-crash posture assessment, and 
GPS ground speed determination using accelerometer signals 
and a threshold technique. In case of an accident, the system 
promptly triggered an alarm, sending concise alert data via the 
GSM network and a text message to a designated contact with 
GPS location information. Real-time monitoring distinguished 
between falls and accidents based on motorcycle speed and a 
limit algorithm. The device also logged track and acceleration 
data one minute before and after an accident, facilitating 
comprehensive accident analysis [10] [11] [12]. 

Ritwik Chinmaya Pandia's study focuses on a project 
designed to capture vital information such as vehicle speed and 
position during accidents. The system employs a GSM modem 
to trigger an accident alarm and send the vehicle's current 
location to a pre-programmed cell phone upon detecting a 
crash. It utilizes efficient voltage transformation with 
transformers, rectifiers, and a microcontroller (ATmega16) for 
communication and control. A piezo sensor is employed as a 
key sensory element, and the programming is accomplished 
using AVR Studio and AVR Dude [13]. This study 
significantly enhances accident data capture and reporting, 
blending hardware components and microcontroller technology 
for improved accident information retrieval [14] [15]. 

Prabha et al. [16] have made a big contribution to 
enhancing travel safety, utilizing GSM and GPS technology for 
real-time accident detection and notification. This project 
places a strong emphasis on travel security by developing an 
automatic vehicle accident detection and notification system. It 
enables immediate SMS alerts in the event of an accident and 
maintains accurate vehicle positioning through GPS 
technology [17]. 

The research by Krishna Kanth et al. [18] Singh focuses on 
the prompt detection of accidents in any location, enabling 
swift ambulance response through GPS and GSM networks. 
Their innovative automotive accident detection module 
integrates GPS, GSM, and MEMS technology. A standout 
feature of this project is the capability to send notifications to 
accident locations when authorized individuals place a missed 
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call to the GSM module at that site. This approach streamlines 
vehicle identification in accident scenarios, utilizing robust 
tracking technology. Overall, this study emphasizes the vital 
role of GPS, GSM, and MEMS in enhancing accident detection 
and vehicle tracking for improved road safety and emergency 
services [19]. 

Anita Kumari et al. [20] focused on a car tracking system 
that utilizes a GSM module to capture GPS data and send it to 
a designated mobile or laptop. It highlights the significance of 
Vehicle Tracking Systems, which use GPS to locate and 
monitor vehicles, relaying position data to a central monitoring 
center. The research emphasizes the increasing popularity of 
vehicle monitoring systems and describes the process of 
converting GPS data to RS232 format for transmission to the 
GSM module via a microcontroller and MAX232. It also 
mentions the system's potential in mitigating accidents, 
including collisions and in-vehicle fires [21] [22]. 

The study conducted by Anil Kumar et al. [23] aims to 
enhance vehicle security and raise driver awareness through 
IoT technology. It continuously analyzes vehicle performance 
and driver behavior using various sensors, including a breath 
analyzer, accelerometers, and distance sensors between other 
vehicles. In addition, it features a push and panic button for 
data input into the vehicle's black box. The system monitors 
alcohol intake levels and alerts emergency contacts when the 
limit is exceeded. In the event of an accident, the system uses 
GSM and GPS to monitor the vehicle's location and 
communicates this information to hospitals and the police. The 
IoT-based controller is designed to be power-efficient, 
enabling real-time applications. The project employs a range of 
sensors, including breath analyzers, accelerometers, and 
ultrasonic sensors, to ensure driver and merchant safety. It also 
detects alcohol gas concentrations between 0.05 mg/L to 10 
mg/L. When an accident occurs, the GPS module activates and 
transmits the location via GSM to local authorities [24]. 

The project conducted by Ranjitha et al. [25] focuses on 
using a GPS module to precisely locate road accidents and 
promptly send this position to a pre-programmed phone 
number via GSM SMS. The project utilizes an Arduino board, 
offering easy access to input/output and analog ports, as well as 
the capability for programmed burning and uploading. The 
GPS module continuously updates the Arduino with the 
vehicle's longitude and latitude coordinates. This data is then 
transmitted through the GSM module, which can send the 
precise latitude and longitude as an SMS to a pre-programmed 
phone number. Additionally, the system incorporates a limit 
switch, which, when subjected to a particular amount of 
pressure, prompts the Arduino to retrieve the GPS module's 
latitude and longitude and transmit this information to the 
GSM module. The system also includes an alcohol detector 
that alerts the Arduino when alcohol is detected, prompting it 
to send a message to the GSM module, which in turn transmits 
the message to the designated recipient [26]. 

In conclusion, the reviewed literature and studies present 
commendable advancements in accident detection and 
response systems. However, a critical analysis reveals potential 
gaps in scalability, accuracy, privacy, data security, system 
robustness, response time, AI integration, and pedestrian 

safety. Further exploration and innovation in these areas could 
significantly contribute to the development of more 
comprehensive and effective solutions for road safety and 
emergency services. Addressing these identified gaps will be 
crucial for advancing the field and ensuring the broader 
applicability and reliability of accident prevention and response 
technologies. 

Table I shows a comprehensive comparison between 
existing works in the field, focusing on the evaluation of fall 
detection systems across different tasks. In the presented years, 
the tasks include linear and non-linear falls, normal rides, 
traversing bumpy surfaces, and sudden braking situations. The 
test times for each task are specified, and the outcomes are 
categorized into instances where an alarm was triggered and 
where it was not. The current work in 2023 demonstrates a fall 
detection system with a test time of 50 units for each task, 
consistently triggering alarms for falls and maintaining 
accuracy for other activities. A comparative analysis with 
previous works from 2012 to 2018 reveals varying 
performances, with differences in alarm accuracy for non-
linear falls and sudden braking scenarios. This comprehensive 
overview aids in understanding the evolution and effectiveness 
of fall detection systems over time, providing valuable insights 
for further advancements in this critical domain. 

TABLE I.  COMPARISON BETWEEN EXISTING WORK 

Year Task 
Test 

Time 
Alarm 

Not 

Alarm 
Reference 

2023 

Linear fall 50 50 0 

This work 

Non-Linear fall 50 50 0 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 0 50 

2012 

Linear fall 100 100 0 

[3] 

Non-Linear fall 100 99 1 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 2 48 

2012 

Linear fall 100 100 0 

[5] 

Non-Linear fall 100 99 1 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 2 48 

2014 

Linear fall 100 100 0 

[7] 

Non-Linear fall 100 99 1 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 1 49 

2016 

Linear fall 100 100 0 

[9] 

Non-Linear fall 100 100 0 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 0 50 

2018 

Linear fall 100 100 0 

[11] 

Non-Linear fall 100 100 0 

Normal Ride 50 0 50 

Bumpy surface 50 0 50 

Brake Suddenly 50 0 50 

III. THE SYSTEM IMPLEMENTATION AND TESTING 

The Vehicle Accident Detection and Alert System 
(VADAS) represent a critical innovation in road safety. With 
the increasing number of vehicles on the roads, ensuring the 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 14, No. 11, 2023 

31 | P a g e  

www.ijacsa.thesai.org 

safety of drivers and passengers has become a paramount 
concern. Traditional safety measures have been effective to 
some extent, but there exists a pressing need for more proactive 
and responsive systems that can promptly detect accidents and 
summon assistance. This section provides an overview of the 
VADAS, which utilizes a combination of cutting-edge 
technology components to enhance accident detection and 
emergency response. 

These integral elements include the Arduino Uno 
Microcontroller, which serves as the central control unit, 
orchestrating module, and sensor interactions. The 
accelerometer sensor detects abrupt impacts or changes in 
acceleration, providing critical data to ascertain accident 
occurrences. An LCD display conveys crucial accident details 
such as location and time, promptly informing passengers and 
drivers. An audible alert system in the form of a buzzer plays a 
pivotal role in notifying vehicle occupants in the event of an 
accident. The integration of a GSM module enables seamless 
communication with emergency services and predefined 
contacts, facilitating message transmission and call requests for 
assistance. Precise location information is provided by the GPS 
module, expediting emergency responders' arrival at the 
accident scene. To minimize false alarms, the system 
incorporates a cancel button, allowing users to deactivate 
emergency calls and messages when necessary. 

The operational framework of the VADAS is illustrated in 
Fig. 1. The system is centered around the Arduino Uno 
microcontroller, which coordinates the activities of the various 
components. The accelerometer sensor continuously monitors 
vehicle acceleration and based on this data, alerts the 
microcontroller to potential accidents. Upon accident detection, 
the microcontroller activates the alarm, sends emergency 
messages, and calls, and displays alerts on the LCD screen. 
Importantly, users have the option to cancel these alerts via the 
cancel button. 

Fig. 2 presents the operational flow of the VADAS. It 
begins with the microcontroller's vigilant monitoring of the 
accelerometer sensor for sudden acceleration changes that may 
signify an accident. If such an event is detected, the 
microcontroller activates the alarm, alerting vehicle occupants. 
Simultaneously, it triggers the LCD display to convey the 
accident notification. 

Subsequently, the microcontroller communicates with the 
GSM module, which sends emergency messages, including the 
accident's location, to predefined contacts. Notably, users could 
cancel these messages by utilizing the cancel button. If not 
cancelled, the system proceeds to notify emergency services, 
ensuring swift assistance. Following an accident, the 
microcontroller continues to monitor for any subsequent 
incidents. The VADAS represents a significant advancement in 
road safety technology, providing a proactive approach to 
accident detection and emergency response. In the subsequent 
sections, we will delve into the technical intricacies of this 
system and present the outcomes of its testing and validation. 

 
Fig. 1. Block diagram for vehicle accidental tracking system using micro-

controller. 

 
Fig. 2. Flowchart for vehicle accidental tracking system using micro-

controller. 

A. Hardware Implementation 

The hardware implementation of the vehicle accident 
detection system comprises several key components: 
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1) Arduino Uno: At the heart of the system, the Arduino 

Uno takes center stage, featuring the ATmega328P 

microcontroller. With its array of digital and analog pins, this 

powerhouse proves its versatility across a spectrum of 

applications [27]. From LEDs to motors, sensors, and beyond, 

the Arduino Uno establishes seamless connections, all 

orchestrated through the user-friendly Arduino IDE. Its innate 

compatibility with shields amplifies its prowess, transforming 

it into the ideal candidate for ventures in robotics, home 

automation, and data logging projects. The Arduino Uno isn't 

just a board; it's a canvas for creativity — an open-source 

hardware masterpiece that beckons customization and 

replication with open arms [28]. 

2) ADXL 335 Accelerometer Sensor: Enter the realm of 

motion sensing with Analog Devices' 3-axis accelerometer, a 

silent guardian detecting shifts in acceleration, a pivotal role in 

the realm of accident detection. Thriving on low power (3V to 

5V), it unveils a measurement prowess with a range of +/- 3g. 

The ADXL335 doesn't just measure; it brings stability to the 

temperature dance and hushes into a realm of low noise, 

making it the unsung hero for delicate applications like airbag 

deployment systems and the vigilant guardian for vibration 

monitoring adventures [29] [30]. 

3) GSM Module (SIM900A): Step into the world of 

connectivity with the SIM900A GSM/GPRS module from 

SIMCOM, a communication maestro that bridges the gap with 

emergency services and predetermined contacts. Boasting a 

built-in TCP/IP stack for seamless internet connectivity, it not 

only supports the quintessential SMS and call functionalities 

but also harmoniously integrates audio capabilities into its 

repertoire [31]. This wizardry, navigated through the realm of 

AT commands, finds its place not only in remote-control 

systems but also dances into the domains of data loggers and 

the enchanting world of home automation [32]. 

4) GPS Module (NEO-6M): The NEO-6M GPS module 

from Ublox provides accurate location, velocity, and time 

information. It can track up to 22 satellites simultaneously and 

supports multiple navigation modes, including GPS, 

GLONASS, and Galileo. With its small form factor and low 

power consumption, it's used in navigation systems, drones, 

and robotics. 

5) LCD I2C: The LCD I2C is a cost-effective liquid 

crystal display that uses the I2C communication protocol. It 

simplifies displaying text and graphics, handling most display 

functionalities. It comes in various sizes (e.g., 16x2 or 20x4) 

and is widely used in data logging and temperature monitoring 

applications. 

In the implementation of the vehicle accident 

detection system, the Arduino Uno serves as the central hub, 

orchestrating the interactions between the various 

components. The ADXL335 accelerometer is strategically 

positioned within the vehicle to continuously monitor 

acceleration changes. When a significant deviation is detected, 

suggesting a potential accident, the Arduino Uno triggers the 

SIM900A GSM module to initiate communication with 

emergency services and preconfigured contacts, alerting them 

to the situation. Simultaneously, the NEO-6M GPS module is 

activated to provide accurate location data, aiding in the quick 

dispatch of assistance [33]. The LCD I2C display acts as the 

user interface, conveying relevant information about the 

accident and the system's status. The modularity of the 

Arduino Uno allows for seamless integration and 

communication between these components, creating a 

cohesive and efficient accident detection and alert system for 

vehicles [34]. 

B. Software Implementation 

The software implementation of the vehicle accident 
detection system encompasses various essential components 
and tools: 

1) Arduino IDE: Step into the dynamic realm of creativity 

with the Arduino IDE (Integrated Development Environment), 

a software maestro empowering user to craft, upload, and 

debug code for the Arduino platform. Tailored to streamline 

the art of programming and device control, from 

microcontrollers to sensors and actuators, it spreads its wings 

across Windows, macOS, and Linux, offering a universal 

embrace. Rooted in Java and nurtured in the fertile grounds of 

the Processing development environment, the Arduino IDE 

unfolds its magic through a user-friendly interface adorned 

with a code editor, serial monitor, and library manager. 

Speaking the languages of C/C++ and Python, it extends its 

charm with an extensive library collection, turning every 

project into a masterpiece [35]. Embraced by hobbyists, 

educators, and professionals alike, it dances through the 

realms of robotics, home automation, and the vast expanse of 

IoT devices. A tool that evolves with the times, adorned with 

regular updates and a continual infusion of features, it remains 

a beacon for the creative spirits of our world [36]. 

2) Proteus: Developed by Labcenter Electronics, Proteus 

is a comprehensive software package tailored for computer-

aided design of electronic circuits. This UK-based software 

combines schematic capture, simulation, and PCB layout 

tools, facilitating the design, testing, and layout of electronic 

circuits before physical construction. Proteus boasts an 

extensive library of simulation models, covering 

microcontrollers, microprocessors, sensors, actuators, and 

communication modules, enabling users to assess circuit 

behaviour and identify errors through simulation. The 

software also incorporates a PCB layout editor with features 

like auto-routing, 3D visualization, and support for surface 

mount and through-hole components, streamlining circuit 

board design, error checking, and manufacturing file 

generation. Proteus is widely embraced in both industry and 

education, catering to various microcontroller families like 

AVR, PIC, 8051, ARM, and supporting multiple 

communication protocols like I2C, SPI, UART, USB, and 

Ethernet. It is available in student and professional versions 

and operates within the Windows operating system. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 14, No. 11, 2023 

33 | P a g e  

www.ijacsa.thesai.org 

3) SolidWorks: Crafted by the ingenious minds at Dassault 

Systems, SolidWorks emerges as a luminary in the realm of 

3D mechanical CAD (Computer-Aided Design) software, 

weaving its expertise in solid modeling to breathe life into 

precise 3D models of parts and assemblies. A virtuoso in 

simulating their intricate dance of behavior and properties, 

SolidWorks steps into the limelight across an eclectic array of 

industries—from mechanical engineering and aerospace to the 

pulsating realms of automotive and consumer goods. Here, 

within the digital tapestry it weaves, users find the tools to 

sculpt 3D masterpieces of parts, intricate assemblies, and 

complex structures. This digital maestro, adorned with a rich 

palette of features, not only births vibrant 3D wonders but also 

unleashes tools for crafting intricate 2D drawings, 

orchestrating simulations of motion and stress, and 

orchestrating the symphony of data management. At its core 

lies the magic of parametric modeling, offering the fluidity of 

dynamic design changes and the allure of real-time updates. 

Detailed drawings, pulsating with dimensioning and 

tolerancing, are born effortlessly, accompanied by simulations 

donned in the garb of finite element analysis and motion 

simulations. SolidWorks, the polymath, extends its embrace to 

robust data management tools—from the meticulous bill of 

materials to the guardianship of revision control and the spirit 

of data sharing. In the hands of engineers, designers, and 

manufacturers, SolidWorks becomes not just a tool but a 

companion, navigating the intricate landscapes of creation and 

simulation. An educator at heart, it imparts wisdom to 

students, arming them with the prowess to sculpt precise 

designs and orchestrate simulations of grandeur [37]. In its 

digital wardrobe, SolidWorks adorns itself in multiple 

versions—Standard, Professional, and Premium—each 

tailored with its own tapestry of features and functionalities, a 

harmonious symphony compatible with the Windows 

operating system [38]. 

In the implementation phase, the vehicle accident detection 
system benefits from the synergy of these software tools. The 
Arduino IDE is utilized to write and upload the code that 
governs the behaviour of the Arduino Uno, the central control 
unit of the system. This includes the integration of code for 
processing data from the ADXL335 accelerometer, 
communication with the SIM900A GSM module, and handling 
data from the NEO-6M GPS module. Proteus comes into play 
by allowing simulation of the electronic circuitry, ensuring that 
the components interact seamlessly and function as intended. 
This pre-implementation testing minimizes errors and 
optimizes the performance of the system. SolidWorks is 
employed to create accurate 3D models of the physical 
components, aiding in the design and assembly of the 
hardware. The software's simulation features assist in 
predicting potential stress points or motion-related issues. The 
collective use of these software tools ensures a well-
coordinated implementation of the vehicle accident detection 
system, minimizing errors, optimizing performance, and 
streamlining the development process [39]. 

IV. RESULT AND DISCUSSION 

A. Hardware Development 

Fig. 3 illustrates the system's circuit, offering a visual 
representation of its hardware components and connections. 
The hardware development stage is a pivotal component of the 
vehicle accident detection and alert system's creation. 

 
Fig. 3. The hardware connection. 

The first crucial step in hardware development involves the 
careful selection of a microcontroller. The Arduino Uno stands 
out as the ideal choice due to its renowned ease of use, 
extensive community support, and rich library ecosystem. This 
microcontroller serves as the central processing unit for the 
accident detection and alert system. 

To accurately detect accidents, a three-axis accelerometer 
sensor is integrated into the system. This sensor, capable of 
measuring acceleration in any direction, seamlessly connects to 
the Arduino Uno via analog input pins. Its precise 
measurements form the foundation for identifying potential 
accidents. 

For displaying alerts and critical information, a standard 
16x2 character LCD display is chosen. This display interfaces 
with the microcontroller through digital pins, providing a user-
friendly interface to convey important messages related to 
detected accidents. 

An appropriately loud buzzer is incorporated into the 
system to deliver audible alerts in the event of an accident. The 
buzzer connects to one of the Arduino Uno's digital pins, 
ensuring an immediate and attention-grabbing notification. 

Facilitating emergency messages and calls is made possible 
through the integration of a GSM module. Chosen for 
compatibility with the Arduino Uno and its support for 
emergency communication, the GSM module interfaces with 
the microcontroller via serial communication pins. 

Accurate location information is achieved through the 
inclusion of a GPS module. This module, selected based on its 
compatibility with the Arduino Uno, communicates with the 
microcontroller through serial communication pins, providing 
precise location data during emergencies. 
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A simple push button serves as the emergency cancel 
mechanism, allowing users to deactivate emergency alerts 
when necessary. This button connects to one of the 
microcontroller's input pins, providing a straightforward means 
to stop alerts and enhance user control. 

Ensuring correct wiring of all components is vital to 
prevent damage. The system is powered by the vehicle's 
battery, with a voltage regulator employed to maintain a stable 
power supply. This meticulous approach to wiring and power 
management ensures the reliability and longevity of the 
hardware components. 

By systematically following these hardware development 
steps, the vehicle accident detection and alert system's 
components are assembled cohesively. The resulting system is 
not only capable of accurately detecting accidents but also 
excels in promptly initiating emergency messages and calls, 
providing precise location information, and offering users a 
convenient means to deactivate emergency alerts when needed. 
This comprehensive approach enhances the overall usability 
and reliability of the system in real-world scenarios. 

Fig. 4 illustrates the schematic diagram created using 
Proteus, providing a visual representation of the project's 
electronic components and their interconnections. This diagram 
serves as a valuable reference for understanding the system's 
design and layout. 

 
Fig. 4. Schematic diagram using proteus. 

B. Prototype Design 

The prototype design for the vehicle accident detection and 
alert system is a critical aspect. It involves careful placement 
and integration of various components, ensuring they are 
accessible, functional, and user-friendly. The following 
describes the design from different views: 

Front View: The front view of the prototype prominently 
features the LCD screen, which serves as the primary interface 
for displaying alarms and information. The LCD display is 
strategically positioned within the vehicle to ensure easy 
visibility by the driver. Adjacent to the display, the cancel 
button is thoughtfully placed, making it easily reachable for the 
driver to deactivate emergency alerts if needed. 

Side View: The side view showcases the placement of the 
microcontroller, an Arduino Uno, which serves as the central 
control unit. The microcontroller is positioned in a convenient 
location within the vehicle, ensuring accessibility for 
programming and debugging purposes. Additionally, the side 
view reveals the placement of the accelerometer sensor, which 
can be mounted on either the dashboard or the vehicle's floor, 
enabling accurate accident detection. 

Top View: The top view of the prototype highlights the 
location of the buzzer, responsible for sounding alarms in case 
of accidents. The buzzer is positioned strategically to ensure 
that its sound is easily audible to the driver, enhancing the 
system's effectiveness. Furthermore, the top view reveals the 
placement of both the GSM module and the GPS module. 
These modules are situated for easy access within the vehicle, 
facilitating the rapid sending of emergency messages and calls, 
along with accurate location data. 

Isometric View: The isometric view offers a 
comprehensive outlook on the overall layout of the system, 
encompassing all key components such as the microcontroller, 
accelerometer sensor, LCD display, buzzer, GSM module, 
GPS module, and the cancel button. The design prioritizes 
compactness and simplicity to ensure straightforward 
installation within a vehicle. Consideration is given to the 
power supply and the establishment of connections between 
components to maintain system functionality. 

By adhering to this prototype design, the vehicle accident 
detection and alert system can effectively detect accidents, 
promptly initiate emergency messages and calls, and provide 
precise location information. The incorporation of the cancel 
button offers users a convenient means to deactivate 
emergency alerts in the event of a false alarm, optimizing 
usability and accessibility. The design ensures that all 
components are thoughtfully positioned, easy to access, and 
user-friendly. 

Table II shows the prototype design using SolidWorks 
encompasses a comprehensive visualization presented through 
various views, including front, side, top, and isometric 
perspectives. SolidWorks, a powerful computer-aided design 
(CAD) software, allows for the creation of detailed and 
accurate three-dimensional models. The front view provides a 
frontal representation, the side view offers a profile 
perspective, the top view illustrates the design from above, and 
the isometric view presents a three-dimensional, angled 
depiction. These views collectively provide a holistic 
understanding of the prototype's geometry, dimensions, and 
features, aiding in the evaluation and refinement of the design 
before actual production. 

C. The Proposed Work's Integration 

Vehicle accident detection systems are vital for rapid 
response to accidents, minimizing injuries and property 
damage. This project integrates various components into a 
cohesive system designed to detect accidents and alert 
emergency services, with provisions for user control. The 
integration process involves several key steps: 
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TABLE II.  PROTOTYPE DESIGN USING SOLIDWORKS 

View Image 

Front View 

 

Side View 

 

Top View 

 

Isometric View 

 

1) Hardware connections: The initial step is to establish 

hardware connections, linking essential components to the 

Arduino Microcontroller using jumper wires. These 

components include the accelerometer sensor, LCD display, 

buzzer, GSM module, and GPS module, each serving a 

specific function in the system. A button is also integrated, 

connected to a digital input pin on the microcontroller, 

enabling user interaction. 

2) Accelerometer sensor: The accelerometer sensor 

continuously provides data to the Arduino Uno, monitoring 

changes in acceleration. The Arduino program continuously 

reads and stores accelerometer data, allowing the 

microcontroller to detect abrupt acceleration changes that 

could indicate an accident. 

3) Accident detection algorithm: An accident detection 

algorithm is implemented, involving the setting of a threshold 

value for accelerometer data. If the data surpasses this 

threshold, it triggers an "accident" event, signifying a sudden 

acceleration change. The threshold value's adaptability allows 

customization for different vehicle types and accident 

detection requirements, minimizing false alarms. 

In Fig. 5(a), the display indicates the phrase "Crash 
Detected." This message is a critical notification to the driver 
and passengers that the system has detected an accident or a 
significant impact event. Displaying "Crash Detected" serves 
as an immediate alert, prompting occupants to take necessary 
actions and ensuring they are aware of the situation. 

In Fig. 5(b), the display provides information related to the 
magnitude of the impact. This information helps convey the 
severity of the accident or impact event. Displaying the 
magnitude of impact can aid emergency responders in 
assessing the situation and providing appropriate assistance. It 
can also provide valuable data for post-accident analysis and 
insurance claims. 

   
(a)                                                    (b) 

Fig. 5. Display information (a) Crash detected and (b) Magnitude of impact. 

These display messages play a crucial role in keeping the 
vehicle occupants informed about the detected accident and its 
severity. This real-time feedback contributes to improved 
situational awareness and facilitates appropriate responses to 
ensure safety and well-being. 

4) Emergency response: Upon detecting an accident event, 

the Arduino responds by activating the buzzer and initiating 

SMS messaging via the GSM module. A pre-determined 

emergency contact receives an SMS containing the vehicle's 

GPS location and an accident notification. The GPS module 

determines the vehicle's precise location, facilitating 

emergency service response to aid potential accident victims. 

In Fig. 6(a), the system is initiating an emergency call using 
the GSM module. This step is crucial for alerting emergency 
services about the accident or impact event promptly. The 
emergency call ensures that help is on the way to the location 
of the incident. 
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Fig. 6(b) displays an alert message along with location 
information. The alert message informs the recipient (likely an 
emergency contact or service) that an accident has occurred. 
Location information, likely obtained from the GPS module, is 
included. This information is vital for accurately pinpointing 
the vehicle's whereabouts. Providing location information helps 
emergency services quickly locate the vehicle, reducing 
response times and potentially saving lives. 

Fig. 6(c) shows the location information obtained by the 
GPS module. GPS technology provides precise geographic 
coordinates, allowing emergency services to pinpoint the exact 
location of the vehicle involved in the accident. Accurate 
location data is essential for efficient and effective emergency 
response. These figures illustrate the critical steps of alerting 
emergency services, conveying accident information, and 
providing precise location details. Together, these actions are 
instrumental in ensuring a rapid and effective response to 
accidents, ultimately enhancing the safety of vehicle occupants. 

5) LCD Display: The LCD display serves to relay system 

status messages and information. It communicates events such 

as "Accident detected" and "Emergency message sent," 

providing transparency regarding system actions to vehicle 

occupants. 

Fig. 7 shows the LCD display and it is like a small screen 
in your vehicle that tells you what's happening. It shows 
messages such as "Accident detected" or "Emergency message 
sent," so you know what the system is doing. This way, you 
can stay informed about important events while you're in the 
car. The display makes it easy for you to understand what's 
going on and helps you feel more confident and safe. 

6) Cancel call and message: A dedicated button allows 

users to cancel initiated calls and messages in instances of 

false alarms or resolved emergencies. This feature minimizes 

unnecessary notifications and reduces false alarms. 

Fig. 8 demonstrates the importance of user-friendly features 
like a dedicated push button for canceling alerts. It provides 
users with a straightforward way to manage the system and 
prevent unnecessary emergency calls and messages, 
contributing to the system's reliability and user satisfaction. 

7) System loop: The Arduino program operates in a 

continuous loop, perpetually monitoring for accident events. 

The system continually assesses accelerometer data for 

changes in acceleration. In the event of an accident detection 

or button press, the system responds accordingly. 

   
(a)     (b)    (c) 

Fig. 6. Emergency call and location information (a) Emergency call using gsm module, (b) Alert message and location information and (c) Location obtained by 

GPS module. 
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Fig. 7. LCD display. 

   
                (a)                                               (b) 

Fig. 8. (a) Alert cancellation and (b) Push button. 

D. Analysis of Limitations of the GPS Module and Magnitude 

of Impact 

1) Limitations of the GPS module: The GPS module plays 

a crucial role in providing accurate location information for 

the vehicle accident detection and alert system. However, it is 

essential to understand and analyze its limitations, which can 

impact the system's performance. The following limitations of 

the GPS module have been identified: 

Table III shows the performance of GPS modules is 
influenced by the surrounding environment, leading to distinct 
limitations in various settings. In open areas such as fields, the 
GPS module excels with clear sightlines, facilitating strong 
signal reception from satellites. When mounted on moving 
vehicles, the constant motion aids the antenna in searching for 
optimal signals, enhancing location accuracy. However, 
challenges arise in indoor environments where thick walls and 
building materials can weaken or block GPS signals, making it 
difficult to obtain reliable location data inside structures. 
Similarly, natural obstacles like trees and hills in outdoor 
settings, as well as the presence of tall buildings in urban 
canyons, can lead to weakened or blocked signals, rendering 
the GPS module less effective or even nonfunctional in these 
specific environmental conditions. These limitations highlight 
the need for alternative positioning technologies in scenarios 
where GPS signals are compromised. 

TABLE III.  LIMITATIONS OF THE GPS MODULE 

Location Limitation Signal Reason 

Open Area Signals Reached 

An open area with minimal 

obstructions, such as trees or 
buildings, allows the GPS 

module to receive strong 

signals from GPS satellites. 
The clear line of sight enhances 

signal reception. 

Moving Vehicle Signals Reached 

Mounting a GPS module on a 
moving vehicle can improve 

reception. The constant 

movement of the vehicle helps 
the antenna continuously search 

for better signals. 

Indoor 

Environment 

Signals 

Weaken/Blocked 

GPS signals can be blocked or 

weakened by thick walls, roofs, 
and building materials, making 

it challenging to obtain a 

reliable signal inside buildings. 

Natural 
Environment 

Signals 
Weaken/Blocked 

Natural features like trees, hills, 

and other obstacles can block 

or weaken GPS signals, 
rendering them unreliable or 

unavailable in specific outdoor 

environments. 

Urban Canyons 
Signals 
Weaken/Blocked 

Tall buildings and skyscrapers 
in urban areas can block or 

weaken GPS signals, leading to 
unreliable or unavailable 

signals in densely populated 

urban environments. 

2) Analysis of magnitude of impact: Table IV show the 

magnitude of impact is a critical measurement provided by the 

accelerometer sensor. It quantifies the force experienced by 

the system in the event of an accident. In a 3-axis 

accelerometer, which measures acceleration along the x, y, 

and z axis, calculating the magnitude of acceleration is 

essential to assess the severity of the impact. 

TABLE IV.  ANALYSIS MAGNITUDE OF IMPACT 

Times of Impact X-Axis Y-Axis Z-Axis Magnitude 

Impact 1 43 86 69 118.35 

Impact 2 64 30 42 82.22 

Impact 3 38 68 50 92.56 

Impact 4 100 64 99 154.59 

Impact 5 22 57 59 84.94 

The formula to calculate the magnitude of a 3-axis vector 
(ax, ay, az) is: 

  (        )    √ (             ) (1) 

This formula calculates the Euclidean norm or magnitude 
of the acceleration vector by taking the square root of the sum 
of the squares of the individual components (ax, ay, az). 
Analyzing the magnitude of impact is of paramount importance 
for several critical reasons. Firstly, it aids in assessing the 
severity of accidents, with higher magnitudes indicating more 
forceful impacts, potentially signaling more severe accidents. 
Secondly, it plays a pivotal role in determining the need for 
emergency responses, such as alerting authorities or sending 
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emergency messages, based on the impact's magnitude. 
Additionally, understanding the magnitude of impact ensures 
that appropriate actions are promptly taken to safeguard the 
well-being of vehicle occupants and minimize injuries. 
Furthermore, it significantly contributes to enhancing the 
overall reliability of the accident detection system by ensuring 
that alerts are triggered when significant impacts occur. In 
essence, the analysis of impact magnitude empowers the 
system to make informed decisions about the activation of 
emergency response measures, thereby bolstering the system's 
effectiveness in mitigating the consequences of accidents. 

E. Arduino Codes 

1) Accelerometer integration: Fig. 9 shows the ADXL335 

accelerometer, connected to the Arduino Uno, serving as the 

system's motion sensor. Utilizing the Adafruit_ADXL335 

library, the Arduino continuously monitors changes in 

acceleration. The loop function computes the total acceleration 

magnitude and, upon surpassing a predefined threshold, 

triggers the emergency response function. This function, 

sendEmergencySMS (), initiates communication with the 

GSM module for alerting emergency services and predefined 

contacts about a potential accident. 

#include <Wire.h> 

#include <Adafruit_Sensor.h> 
#include <Adafruit_ADXL335.h> 

Adafruit_ADXL335 accel = Adafruit_ADXL335(12345); 

void setup() { 
  Serial.begin(9600); 

  if(!accel.begin()) { 

    Serial.println("Could not find a valid ADXL335 sensor, check 
wiring!"); 

    while(1); 

  } 
} 

void loop() { 

  sensors_event_t event;  
  accel.getEvent(&event); 

   

  float acceleration = sqrt(event.acceleration.x*event.acceleration.x + 
event.acceleration.y*event.acceleration.y + 

event.acceleration.z*event.acceleration.z); 

 
  if (acceleration > THRESHOLD_VALUE) { 

    // Accident detected, trigger emergency response 

    sendEmergencySMS(); 
  } 

  delay(1000);  // Adjust delay based on your application's requirements 

} 

Fig. 9. Accelerometer integration codes. 

2) GPS integration: Fig. 10 shows the NEO-6M GPS 

module interfaces with the Arduino Uno through 

SoftwareSerial to provide accurate location data. Using the 

TinyGPS++ library, the Arduino decodes NMEA sentences 

from the GPS module in the loop function. Upon validating a 

location fix, the system calls the sendGPSData function to 

store or transmit the GPS coordinates. This location data is 

crucial for emergency responders to locate the vehicle 

involved in the accident. The integration enhances the overall 

effectiveness of the accident detection system by providing 

precise location information. 

#include <TinyGPS++.h> 

#include <SoftwareSerial.h> 
 

TinyGPSPlus gps; 

SoftwareSerial ss(10, 11); // RX, TX 
 

void setup() { 

  Serial.begin(9600); 
  ss.begin(9600); 

} 

 
void loop() { 

  while (ss.available() > 0) { 
    if (gps.encode(ss.read())) { 

      if (gps.location.isValid()) { 

        // GPS location available, store or send for emergency response 
        sendGPSData(gps.location.lat(), gps.location.lng()); 

      } 

    } 
  } 

} 

Fig. 10. GPS integration codes. 

3) GSM module integration: Fig. 11 shows the SIM900A 

GSM module facilitates communication with emergency 

services and predefined contacts. Utilizing SoftwareSerial, the 

Arduino continuously checks for incoming data in the loop 

function, employing AT commands to process SMS and call 

functionalities. In the event of an accident, the Arduino 

triggers the sendEmergencySMS function. This function uses 

AT commands to format and transmit an emergency SMS to 

specified contacts, containing information about the detected 

accident, including the location obtained from the GPS 

module. 

#include <SoftwareSerial.h> 

 

SoftwareSerial gsmSerial(7, 8);  // RX, TX 
 

void setup() { 

Serial.begin(9600); 
gsmSerial.begin(9600); 

} 

 
void loop() { 

if (gsmSerial.available()) { 

// Process incoming SMS or calls 
processIncomingData(); 

} 

} 
 

void sendEmergencySMS() { 

// Use AT commands to send an emergency SMS 
gsmSerial.println("AT+CMGF=1");  // Set SMS mode to text 

delay(1000); 

gsmSerial.print("AT+CMGS=\"");  // Set the recipient's phone number 

gsmSerial.print(EMERGENCY_CONTACT_NUMBER); 

gsmSerial.println("\""); 

delay(1000); 
gsmSerial.print("Accident detected at location: ");  // Send location 

information 

gsmSerial.println("LAT, LNG"); 
delay(1000); 

gsmSerial.write(26);  // Send Ctrl+Z to indicate the end of the message 

delay(1000); 
} 

Fig. 11. GSM module integration codes. 
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4) LCD display integration: Fig. 12 shows the I2C LCD 

display, connected to the Arduino Uno, offers a visual 

interface for real-time information. Using the 

LiquidCrystal_I2C library, the LCD is initialized in the setup 

function with a welcome message. In the loop function, the 

LCD is continuously updated with relevant information, such 

as current acceleration data and GPS coordinates. This 

integration provides an on-the-spot visual indication of the 

system's status, aiding users, and emergency responders in 

understanding the situation at a glance. The display serves as 

an essential component for user interface and system 

monitoring. 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 
 

LiquidCrystal_I2C lcd(0x27, 16, 2);  // I2C address 0x27, 16 column and 2 

rows 
 

void setup() { 

  lcd.begin(16, 2);  // initialize the lcd 
  lcd.print("Vehicle Monitor"); 

} 

 
void loop() { 

  // Display relevant information on the LCD 
  lcd.setCursor(0, 1); 

  lcd.print("Accel: "); 

  lcd.print(acceleration); 
  lcd.print(" GPS: "); 

  lcd.print("LAT, LNG"); 

  delay(1000); 
} 

Fig. 12. LCD display integration codes. 

V. CONCLUSION 

In conclusion, the proposed vehicle accident detection and 
alert system, employing a microcontroller, accelerometer 
sensor, LCD display, buzzer, GSM module, GPS module, and 
cancel button, has proven to be effective in accurately detecting         
accidents, promptly alerting both passengers and emergency 
services, and providing vital location information in case of an 
accident. This system represents a robust and efficient solution, 
capable of enhancing response times during accidents and 
augmenting the overall safety and security of vehicle 
occupants. 

To further enhance its capabilities, future development 
should focus on integration with complementary systems, such 
as cameras, voice recognition modules, or navigation systems, 
to provide more comprehensive accident information and 
assistance. Additionally, incorporating a cancel button for false 
alarm mitigation demonstrates attention to usability. The 
system effectively addresses the critical issue of accident 
detection and rapid alerting of emergency services, which 
holds great potential for reducing accident-related fatalities and 
injuries. It stands as a reliable and efficient system with scope 
for improvement and expansion in various directions. One 
noteworthy area for improvement lies in enhancing object 
detection accuracy, potentially through the implementation of 
Non-Maximum Suppression, leading to more precise region 
identification. The addition of a larger number of pre-trained 
models would also enhance performance. Furthermore, 

transitioning the system to a cloud-based platform would 
facilitate data storage and accessibility, allowing user guardians 
to access generated data and potentially integrating localization 
features for tracking user movement. In summary, the vehicle 
accident detection and alert system presented here offers a 
promising solution for enhancing road safety and emergency 
response, with ample room for future enhancements and 
broader applications. 

VI. LIMITATION AND FUTURE WORKS 

The vehicle accident detection and alert system, utilizing an 
Arduino microcontroller, accelerometer sensor, LCD display, 
buzzer, GSM module, GPS module, and cancel button, stands 
as a reliable and efficient system poised to enhance response 
times in accident scenarios while bolstering the safety and 
security of vehicle occupants. However, there exist several 
promising avenues for future improvements in the system's 
functionality and performance. One prospective area of 
development involves the integration of the system with other 
complementary technologies, such as cameras or navigation 
systems. This integration would significantly enhance the 
system's capabilities by providing additional information in the 
aftermath of an accident. For instance, a camera could capture 
vital images of the accident scene, while a navigation system 
could offer directions to the nearest hospital or emergency 
services. Another promising frontier for advancement is the 
implementation of machine learning algorithms to elevate the 
accuracy of accident detection. Machine learning algorithms, 
proficient in discerning patterns within sensor data, hold the 
potential to identify anomalous behavior effectively, thereby 
reducing the occurrence of false alarms and enhancing system 
precision. Furthermore, there is a possibility to imbue the 
system with remote monitoring functionality. This would 
enable real-time tracking of the vehicle's location and status, 
facilitating the dispatch of emergency alerts to a remote 
monitoring center. Such a feature would empower vehicle 
owners and emergency services alike to promptly locate and 
respond to accidents, potentially saving lives. Finally, the 
system's power efficiency can be optimized through the 
adoption of low-power components and the implementation of 
power-saving techniques like sleep mode and power 
management. These optimizations would extend the system's 
battery life, rendering it more practical for sustained use in 
vehicles. In summation, the vehicle accident detection and alert 
system already represents a potent and efficient solution for 
enhancing accident response times and improving the safety of 
vehicle users. Yet, with continued development and 
innovation, the system holds the potential to become even 
more robust and indispensable. 
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