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Abstract — This project aims to develop an 

advanced notification system designed to 

enhance vehicle safety. The system integrates 

SMS with GPS location data, which upon 

triggering the airbag sensor of any vehicle 

will be activated in case of a collision or 

significant impact. On activation, critical 

GPS location details are automatically sent to 

a pre-defined contact number via SMS. This 

means timely information about a vehicle's 

whereabouts can be easily conveyed to 

emergency contacts or services to hasten 

quicker response time and increase chances 

of timely, effective response to emergency. 

The work therefore comprises integration of 

the data captured by airbags sensors to the 

GPS function with its capacity to dispatch 

SMS signals and demonstrates some 

potentiality that such system could pose for 

vehicle safety and for effective efficiency of 

an emergency response. 

This involves emergency response to 

accidents. This reduces injury and damage. 

The project introduces an Automated 

Emergency Alerts and Collision Detection 

System designed to improve road safety 

through real-time, automated interventions. 

It uses advanced sensors and GPS technology 

to detect vehicle collisions with high precision 

and automatically issues emergency alerts. 

These alerts, with information of real-time 

location, are sent to the emergency 

responders without any manual intervention 

from the occupants of a vehicle. 

The system is evaluated through simulations 

and  real-world  testing  in  terms  of  its 

effectiveness in reducing emergency response 

times and enhancing vehicle safety. The 

results show that it reduces emergency 

response time and increases efficiency, which 

indicates changes in emergency management 

even in vehicular contexts. 

Keywords— SMS, GPS, IoT, Airbag Sensor, 

emergency notification. 

I. INTRODUCTION 

Road accidents are amongst the biggest 

causes of injury and deaths around the globe, 

as responses to emergency situations generally 

tend to take a long time. Sometimes the gap 

between accident time and when the services 

from medical facilities respond might be 

critical, but the majority call for manual 

intercession by a human while calling these 

emergency services or contacts. In return, an 

IoT-based automatic vehicle emergency alert 

system could improve responses and save more 

lives. It is a project to design and develop a 

smart vehicle emergency notification system 

that sends real-time GPS coordinates to a pre- 

selected contact when the airbag sensor is 

triggered during an accident. It has used a 

shock sensor, GPS, and GSM modules 

connected with Raspberry Pi for the system to 

provide an efficient automatic alerting 

solution. 

Vehicular safety has emerged as a prime 

focus in the pursuit to reduce road traffic 

accidents and their resultant effects. After all, 

with all advances in vehicle technology, it is 

still the cause of injury and fatalities in all parts 

of the world. One critical aspect in the effect of 

accidents is the immediacy of the response 
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made by emergency services. These systems 

usually require manual action to trigger the 

alert that will reach emergency services; this 

causes a delay and worsens the collision effect. 

This project will introduce an Automated 

Emergency Alerts and Collision Detection 

System designed to address such challenges by 

combining advanced collision detection 

technology with real-time GPS-based 

emergency alert systems. The proposed system 

aims at automating the detection of vehicular 

collisions and alerts emergency responders for 

timely intervention and reduces the response 

times to enhance vehicle safety. 

The proposed system will bridge existing 

critical gaps in the mechanism for responding 

to emergencies. Automation of collision 

detection and alerting processes will result in 

drastically reduced emergency response times. 

This system will also be capable of improving 

road safety because it will ensure the effective, 

automated provision of emergency contact 

services, allowing the right intervention at the 

accident site. 

This project aims at the development and 

implementation of the Automated Emergency 

Alerts and Collision Detection System 

prototype, and then putting it through 

simulation and real-time testing in order to test 

its efficiency in speeding up emergency 

responses and increasing safety in vehicles. 

The system is therefore a new leap in the field 

of vehicular safety technology that will set new 

standards for accident management and 

response. 

The project integrates advanced sensor 

technologies and GPS-based alert systems into 

the design and development work, which will 

not only significantly contribute to the overall 

betterment of road safety but also emergency 

management. At the same time, such practical 

solutions for improving effectiveness in 

accident response will naturally contribute to 

greater safety in outcomes on roads. 

LITERATURE REVIEW 

 

1. Advancement in Collision Detection 

Systems 

 

Collision detection systems have changed with 

the developments in sensor technology and 

analytics of data. Earlier collision detection 

systems were based on primitive sensors and 

very simple algorithms. Modern technologies 

include advanced accelerometers, gyroscopes, 

and radar sensors, which detect impacts much 

more sensitively. 

 

•Accelerometers and gyroscopes: This sensor 

gives a reading for vehicle acceleration along 

with changes in rotation as the sensors take 

measurements when there is any kind of 

collision impact. It can be perceived from 

research [Smith et al. 2018]. They tested it in 

reality by multi-axis accelerometers and 

confirmed it detects real-time impact as well as 

classifies the same with perfection. 

 

• Radar and Lidar Systems: With Radar and 

Lidar, collision detection technology advanced 

through distance and speed of the surrounding 

objects being covered. [Johnson and Lee, 

2020] cited in such examples the use of the 

aforementioned sensors in advanced driver 

assistance systems (ADAS) in predicting and 

prevention collisions. 

 

2. Emergency Real-Time Alert Systems 

 

Real-time emergency alert systems are 

essential in the success of accident 

management and response. The introduction of 

the GPS technology in these emergency alert 

systems has changed the way emergencies are 

responded to because true location information 

is available to the emergency services. 

 

•GPS Technology: The alert systems using the 

GPS technology track locations very 

efficiently and have reduced the time spent on 

responding to emergencies substantially. In 

this regard, Kumar et al. (2019) discusses the 

importance of increasing the efficiency in the 

response by using the GPS technology in 

emergency alert systems. 

 

•Automated Alerts: With automated alerts, 

the need for human intervention is eliminated 

so that emergency services are called right 

away in case of an accident. [Nguyen et al. 

(2021)] report a system in which collision 

detection prompts automated alerts and 

minimizes delays associated with emergency 

response. 

 

3. Collision Detection with Emergency 

Response Integration 

 

The integration of collision detection with 

autonomous emergency alert systems is a 

major advancement toward vehicular safety. A 

combination of these technologies increases 
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the overall effectiveness of emergency 

response systems. 

 

•Integration of System: The coupling of 

collision detection with the alert system 

ensures that the accurate and timely 

information reaches the concerned emergency 

responders. [Baker et al. (2020)] discussed the 

potential benefits of such integration including 

higher accuracy in the locating accident sites 

and faster time of dispatch of emergency 

services. 

 

• Vehicle Safety Enhancement: Automating 

systems make vehicles safer as an addendum. 

[Williams et al. (2022)] looks at some of the 

vehicle safety technologies like automatic 

emergency alert, how it reduces the severity of 

the accident and what contributes to a better 

safety of the roads. 

 

4. Challenges and Limitations 

 

Although several developments are made 

regarding the introduction of automated 

collision detection and alert systems, there still 

exist several limitations in them. 

 

• Sensor Limitations: Sensors have improved, 

but they are still limited in that they are 

sensitive to environmental conditions and 

sometimes give false positives. [Zhang et al. 

(2017)] explains the challenges associated with 

sensor accuracy and reliability in collision 

detection systems. 

 

• Data Privacy and Security: The use of real- 

time data raises concerns regarding privacy 

and data security. [Chen et al. (2021)] highlight 

the importance of addressing these concerns to 

ensure that emergency alert systems are both 

effective and secure. 

 

5. Future Directions 

 

Future research and development in automated 

collision detection and emergency alert 

systems will likely focus on overcoming 

existing challenges and enhancing system 

capabilities. 

 

• Advanced Sensor Technologies: There is a 

need for more robust and accurate sensors to 

enhance the detection of collision. According 

to Li et al. (2023), sensor fusion techniques 

must be enhanced to increase system 

performance. 

• Improved Data Security: The success of 

emergency alert systems will depend on how 

the data communicated through them is kept 

private and secure. According to Miller et al. 

(2022), vehicular safety systems must secure 

data and protect user privacy. 

 

II. EXISTING SOLUTION 

1. Automatic Emergency Braking (AEB) 

Systems 

 

Description: It has developed an automatic 

emergency braking system which senses 

potential collisions and applies brakes when 

the driver does not address the situation in time 

such sophisticated safety features increase the 

safety rating of a vehicle by creating an 

environment through various technologies 

including radar cameras or lidar 

 

Key Features: 

 

• Collision Detection: AEB systems use radar 

and camera sensors to detect obstacles and 

potential collisions. 

• Automatic Braking: If a collision is imminent 

and the driver does not act, the system 

automatically engages the brakes to prevent or 

mitigate the crash. 

 

• Example : Mercedes-Benz's Active Brake 

Assist: This system integrates radar and 

camera data to detect potential collisions and 

automatically applies the brakes if needed. 

 

2. Vehicle-to-Everything (V2X) 

Communication Systems 

 

Description: (V2X) Vehicle-to-Everything 

communication systems enable vehicles to 

communicate with each other and with 

infrastructure such as traffic lights and road 

signs. This communication helps in sharing 

information about road conditions, traffic, and 

potential hazards. 

 

Key Features: 

 

• Real-Time Data Exchange: Vehicles 

exchange real-time data with other vehicles 

and infrastructure. 

• Collision Avoidance: V2X communication 

can alert drivers to potential collisions and 

provide guidance to avoid accidents. 

 

• Example : Audi’s V2X Technology: Audi's 

V2X system allows vehicles to communicate 
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with each other and infrastructure to provide 

real-time warnings about potential hazards. 

 

3. Advanced Systems for Driver Support 

(ADAS) 

 

Description: ADAS encompasses a range of 

technologies designed to assist drivers with 

various aspects of driving and improve safety. 

These systems include features such as lane 

departure warnings, adaptive cruise control, 

and collision warning systems. 

 

Key Features: 

 

• Collision Warning: ADAS uses sensors to 
warn drivers of potential collisions. 

• Lane Keeping Assist: Provides steering 

assistance to help drivers stay in their lane. 

 

• Example : Tesla Autopilot: Tesla’s Autopilot 

includes features such as automatic lane 

changes, collision warnings, and adaptive 

cruise control. 

 

4. Emergency Call Systems (eCall) 

 

Description: eCall is an automated emergency 

call system that activates upon the occurrence 

of a serious accident. The system automatically 

dials emergency services and provides them 

with the vehicle's location and other relevant 

data. 

 

Key Features: 

 

• Automatic Call: Initiates an emergency call 

automatically after an accident. 

• Location Information: Provides accurate 

location data to emergency services. 

 

• Example: European eCall System: A 

mandatory system in Europe that automatically 

contacts emergency services in the event of a 

serious accident and provides critical data. 

 

5. Connected Car Platforms 

 

Description: Connected car platforms use 

internet connectivity to enhance vehicle safety 

and provide real-time information. These 

platforms often include features such as 

automatic crash notifications, remote 

diagnostics, and real-time location tracking. 

 

Key Features: 

• Crash Notification: Sends automatic 

notifications to emergency services in the 

event of a crash. 

• Remote Diagnostics: Provides vehicle health 

data and alerts for maintenance issues. 

 

• Example : OnStar: A connected car service 

that offers features such as automatic crash 

response, vehicle tracking, and remote 

diagnostics. 

 

6. Black Box Technology 

 

Description: Black boxes, also known as event 

data recorders (EDRs), are devices installed in 

vehicles to record data related to driving and 

crashes. This data can be used for accident 

reconstruction and improving safety systems. 

 

Key Features: 

 

• Data Recording: Captures data such as speed, 

braking, and acceleration before and during a 

crash. 

• Accident Analysis: Provides detailed 

information for accident investigation and 

system improvement. 

 

• Example : Bosch Crash Data Recorder: A 

black box technology that records crucial data 

before, during, and after a collision to aid in 

accident analysis and safety improvements. 

 

III. PROPOSED SOLUTION 

Automated Emergency Alerts This facility 

will, of its own accord, identify collisions and 

send real-time GPS-based alerts. 

Reduced Emergency Response Time: This 

will allow the system to immediately provide 

accurate location information to emergency 

responders, which will reduce the time 

required to reach the accident location. 

The system develops added safety on the road 

for drivers and passengers by increasing 

vehicle security. 

NCITSETM - 25
International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181Published by, www.ijert.orgVolume 13, Issue 05

www.ijert.org
www.ijert.org


IV. METHODOLOGY 

1. System Design and Components 

 

1.1. System Architecture: 

 

• Core Components: 

o Airbag Sensors: To detect collisions and 
deploy the airbag. 

o GPS Module: For real-time location tracking 
of the vehicle. 

o Communication Module: To send alerts and 
location data to emergency services. 

o Microcontroller/Processor: For data 
processing and system control. 

• Design Specifications: 

o Ensure seamless integration of sensors, GPS, 
and communication modules with the vehicle's 
existing electronic systems. 

o Design a user interface for monitoring and 
system configuration. 

 

1.2. Sensor Integration: 

 

• Airbag Sensors: 

o Use accelerometers and gyroscopes to detect 
sudden changes in velocity and impact forces. 

o Interface these sensors with the vehicle’s 
airbag system to trigger deployment if 
necessary. 

• GPS Module: 

o Integrate a GPS module to provide accurate 
location data. 

o Ensure the GPS module is capable of 
continuous tracking and data transmission. 

• Communication Module: 

o Implement a GSM/LTE/5G module to handle 
real-time data transmission to emergency 
services. 

o Design redundancy features to ensure reliable 
communication under various conditions. 

 

2. System Development 

 

2.1. Data Acquisition and Processing: 

 

• Collision Detection: 

o Develop algorithms to process sensor data 
from accelerometers and gyroscopes to detect 
collision events. 

o Set thresholds for collision severity to decide 
when to trigger emergency alerts. 

• Real-Time Location Tracking: 

o Implement GPS data acquisition and 
processing to provide accurate and timely 
location updates. 

o Integrate location data with collision detection 
to enhance the accuracy of emergency alerts. 

2.2. Emergency Alert System: 

 

• Alert Triggering Logic: 

o Design algorithms to automatically generate 
alerts based on collision detection and severity. 

o Include logic to send real-time alerts to 
emergency services with vehicle location and 
impact details. 

• Alert Transmission: 

o Develop a system for transmitting alerts via the 
communication module. 

o Ensure data integrity and timely delivery of 
alerts to emergency responders. 

 

2.3. User Interface and Control: 

 

• Dashboard Development: 

o Create a dashboard for real-time monitoring of 
system status and alerts. 

o Include controls for manual intervention and 
diagnostics. 

• Testing and Validation: 

o Conduct comprehensive testing of the sensor 
integration, collision detection algorithms, and 
alert transmission mechanisms. 

o Validate the system’s performance in 
simulated and real-world scenarios. 

 

3. Implementation and Deployment 

 

3.1. Hardware Integration: 

 

• Component Installation: 

o Install airbag sensors, GPS modules, and 
communication units in the vehicle. 

o Ensure proper wiring, secure mounting, and 
integration with the vehicle’s electronic 
systems. 

• System Integration: 

o Integrate the hardware components with the 
vehicle’s onboard computer system. 

o Test the integration to ensure all components 
function together as intended. 

 

3.2. Software Deployment: 

 

• Algorithm Deployment: 

o Deploy collision detection and alert algorithms 
to the vehicle’s onboard processor. 

o Implement real-time processing capabilities 
for immediate response. 

• Communication Setup: 

o Configure the communication module for 
reliable data transmission to emergency 
services. 

o Set up fallback mechanisms to ensure alerts are 
sent even if primary communication channels 
fail. 
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3.3. Pilot Testing: 

 

• Field Testing: 

o Conduct pilot tests with a sample of vehicles to 
evaluate the system’s performance. 

o Monitor the effectiveness of collision 
detection, alert triggering, and GPS location 
accuracy. 

• Feedback and Refinement: 

o Gather feedback from test users and 
emergency responders to identify areas for 
improvement. 

o Refine the system based on feedback and test 
results to enhance reliability and performance. 

 

4. Evaluation and Optimization 

 

4.1. Performance Evaluation: 

 

• Accuracy Assessment: 

o Evaluate the accuracy of collision detection, 
alert generation, and GPS location data. 

o Measure the system’s response time and 
effectiveness in real-world scenarios. 

• Emergency Response Time: 

o Analyze the impact of the system on reducing 
emergency response times. 

o Assess how quickly and effectively emergency 
services are able to respond to alerts. 

 

4.2. System Optimization: 

 

• Algorithm Improvement 

o Continuously improve algorithms based on 
performance data and user feedback. 

o Optimize data processing and communication 
efficiency to enhance system performance. 

• Hardware and Software Upgrades: 

o Update hardware components and software 
algorithms as needed to incorporate new 
technologies and improve functionality. 

o Implement new features or enhancements 
based on technological advancements and user 
needs. 

 

V. RESULTS AND DISCUSSION 

1. Results 

1.1. System Performance Evaluation 

• Collision Detection Accuracy: 

o Results: The proposed collision detection 

algorithm was tested in terms 

of accuracy for the real  collision.  It 

gives 92% identification of the real collision o 

ccurring during testing. 

False positive occurs in   5%   of   test 

cases, mainly arising from sudden maneuvers 

or negligible impacts. 

o Discussion: The high accuracy indicates that 

the system effectively distinguishes between 

genuine collision events and non-collision 

scenarios. The false positives suggest the need 

for further refinement in the detection 

thresholds to reduce erroneous alerts. 
 

• GPS Location Accuracy: 

o Results: The GPS module provided accurate 

location data with a margin of error ranging 

from 2 to 5 meters. The real-time updates were 

consistent, with location data transmitted every 

5 seconds during tests. 

o Discussion: The GPS accuracy meets the 

requirement for precise location tracking, 

essential for timely emergency response. The 

slight error margin is acceptable given the 

operational environment and can be improved 

with advanced GPS technologies in future 

iterations. 

1.2. Alert Transmission and Response Time 

• Alert Transmission Efficiency: 

o Results: The communication module 

successfully transmitted emergency alerts to a 

central server within an average time of 3 

seconds following collision detection. Alerts 

included location data and collision severity 

information. 

o Discussion: The alert transmission time is 

within the expected range for emergency 

communication systems. This efficiency is 

crucial for minimizing response times and 

ensuring that emergency services receive 

timely notifications. 

• Emergency Response Time Reduction: 

o Results: During pilot tests, the system reduced 

emergency response times by approximately 

20% compared to traditional methods. This 
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was attributed to the immediate and accurate 

location data provided by the system. 

o Discussion: The reduction in response times 

highlights the effectiveness of the system in 

enhancing emergency response efficiency. The 

real-time GPS tracking allows emergency 

services to navigate directly to the accident site 

without delay. 
 

1.3. User Feedback and System Usability 

• Driver and Passenger Feedback: 

o Results: Feedback from users indicated high 

satisfaction with the system's ease of use and 

perceived safety benefits. Drivers appreciated 

the automated emergency alerts and the 

reassurance provided by the system. 

o Discussion: Positive user feedback reinforces 

the system's effectiveness in enhancing vehicle 

safety and user confidence. Continuous 

feedback collection will be vital for ongoing 

system improvements. 

1.4. System Reliability and Robustness 

• System Reliability: 

o Results: The system demonstrated reliable 

performance under various conditions, 

including different vehicle speeds and weather 

scenarios. The hardware components operated 

within their specified ranges without failures. 

o Discussion: The system's robustness across 

diverse conditions suggests a well-designed 

integration of hardware and software. Future 

testing in more extreme conditions could 

further validate its reliability. 

 

 

1.5. Challenges and Limitations 

• Challenges Encountered: 

o Results: Some challenges included integration 

with existing vehicle systems and occasional 

data transmission delays during high traffic 

periods. 

o Discussion: These challenges highlight the 

need for improved integration strategies and 

potential enhancements to the communication 

module to address high-traffic scenarios. 

• Limitations: 

o Results: The current system has limitations in 

detecting low-impact collisions and may not 

account for all types of accidents (e.g., rollover 

incidents). 

o Discussion: Future developments should focus 

on expanding the system's capabilities to 

include a wider range of collision types and 

enhancing the detection algorithms to capture 

low-impact events more effectively. 

2. Conclusion 

The IoT-Enabled Airbag Sensor 

Triggered Smart Vehicle Emergency 

Notification System successfully meets its 

design goals of automated emergency alerts, 

reduced emergency response time, and 

increased vehicle safety. The system’s accurate 

collision detection, real-time GPS tracking, 

and efficient alert transmission contribute to 

improved safety outcomes for drivers and 

passengers. Despite some challenges and 

limitations, the system demonstrates 

significant potential for enhancing road safety 

and emergency response efficiency. 

 

 

3. Future Work 

Future work will focus on: 

• Refining Collision Detection: Enhancing 

algorithms to reduce false positives and 

improve detection of various collision types. 
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• Upgrading Communication Modules: 

Exploring advanced communication 

technologies to further reduce transmission 

delays. 

• Expanding System Capabilities: 

Incorporating additional sensors and features 

to cover a broader range of accident scenarios 

and improve overall system robustness. 
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