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Abstract - This research paper undertakes a comprehensive
exploration of the Airbag SOS Notification System, an innovative
technology poised to revolutionize vehicle safety and emergency
response in the event of a collision. The study delves into the design
intricacies, implementation strategies, and future prospects of this
groundbreaking system. With a meticulous examination of design
constraints, analysis, feature finalization, design flow, and
selection processes, the paper provides a roadmap for the
development of a cutting-edge safety solution. Subsequently, it
outlines the detailed implementation plan and methodology,
evaluates the system's performance based on user feedback, and
engages in a forward-looking discussion on potential
enhancements.

In recent years, global concerns regarding vehicular safety have
reached paramount levels. Advanced technologies integrated into
automobiles have significantly contributed to the reduction of road
accidents and the mitigation of their consequences. This report
centers on the Airbag SOS System, an innovative safety feature
designed to further elevate road safety standards. Functioning as a
state-of-the-art technology, the Airbag SOS System utilizes
existing airbag deployment mechanisms to facilitate swift
emergency response, operating seamlessly with traditional
emergency services such as 911 to provide immediate assistance to
car accident victims.

The Airbag SOS System represents a cutting-edge solution,
leveraging existing airbag deployment technology to ensure rapid
emergency response in the aftermath of an accident. This report
extensively explores the functionality and implementation of
Airbag SOS Systems, shedding light on the critical components
that transform them into effective tools for saving lives. Various
aspects, including Technology Overview and Emergency Response
Mechanism, are systematically examined to provide a holistic
understanding of the system’s capabilities.

The report emphasizes the paramount importance of systems like
the Airbag SOS in reducing accident fatalities and injuries,
underscoring their role as integral components in the broader
landscape of road safety. Furthermore, it advocates for sustained
research and development efforts in this critical area to
continually refine and optimize safety features, aligning them with
evolving vehicular safety standards.

In conclusion, this abstract encapsulates the multifaceted
exploration of the Airbag SOS Notification System—a
revolutionary technology with profound implications for road
safety. Through a detailed analysis of design, implementation, and
future prospects, this research paper not only contributes to the
understanding of cutting-edge safety technologies but also calls for
ongoing efforts to enhance and innovate in the realm of vehicular
safety. The Airbag SOS System emerges as a pivotal tool in this
pursuit, offering immediate assistance and paving the way for a
safer automotive future.
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. INTRODUCTION

The Airbag SOS Notification System is a technological
advancement designed to enhance road safety by providing an
efficient and immediate means of alerting emergency services
and relevant authorities in the event of a vehicular collision. The
system aims to significantly reduce the time it takes for
emergency services to reach the scene of an accident, thereby
increasing the chances of saving lives and reducing the severity
of injuries.

Current emergency response systems face challenges in
responding to accidents promptly and effectively due to delays
in receiving accurate information about the incident's location,
severity, and nature. Additionally, communication between
vehicle occupants and emergency services is often limited,
hindering the assessment of their condition and the provision of
timely assistance.

The Airbag SOS Notification System addresses these
challenges by automating and expediting emergency response,
enhancing incident  localization,  providing  direct
communication with vehicle occupants, and streamlining post-
accident procedures. The system utilizes an array of sensors and
communication technologies to gather crucial data about the
accident, including the vehicle's location, the severity of the
impact, and the status of the occupants. This information is then
transmitted to emergency services in real-time, enabling them
to dispatch responders to the scene with greater accuracy and
urgency.

The system also establishes a direct communication channel
between vehicle occupants and emergency services, allowing
for immediate assistance and guidance in potentially life-
threatening situations. This direct communication can be
particularly valuable for occupants who may be injured or
disoriented following an accident.

In addition to its immediate benefits, the Airbag SOS
Notification System also facilitates the streamlining of post-
accident procedures, such as insurance claim processing and
law enforcement investigations. The system's ability to
accurately record and transmit accident data can expedite these
processes, reducing administrative burdens and improving
overall efficiency.

The implementation of the Airbag SOS Notification System
represents a significant step forward in road safety. By

addressing the limitations of existing emergency response
systems and providing a more comprehensive and integrated
approach to accident response, the system has the potential to
save lives, reduce injuries, and make our roads safer for
everyone.

11. Objective

The primary goal of this research paper is to conduct a
comprehensive exploration and implementation of an advanced
Smart SOS airbag system integrated into contemporary
automobiles, focusing on evaluating its functionalities,
efficacy, and broader impact. The central aim is to propose a
sophisticated technological architecture for the Smart SOS
system, emphasizing its pivotal role in augmenting vehicle
safety, optimizing emergency response protocols, and
enhancing the overall well-being of both drivers and
passengers. This proposed system is based on the Internet of
Things (10T) concept, utilizing 10T principles to orchestrate an
efficient response during critical scenarios such as accidents.
The Users will

be able to check the data sent by different sensors through the
website or android app.

The envisioned Smart SOS system will operate specifically
during accidents, promptly transmitting precise vehicle location
data via GPS technology through short message services to
designated family members, Emergency Medical Services
(EMS), and the nearest hospitals. Moreover, the system will
incorporate an emergency detection mechanism capable of
identifying collisions within a vehicle, immediately alerting
pre-designated emergency contacts, the closest medical
facilities, and law enforcement agencies upon accident
occurrence.

An essential facet of this endeavor involves assessing the
accident severity in real-time, facilitating a more nuanced
comprehension of the incident to ensure a correspondingly
calibrated response. The intent is to develop a Smart SOS
system that not only promptly communicates critical
information but also evaluates the gravity of the accident,
thereby enabling a proportional and swift emergency response.

This project seeks to synthesize cutting-edge technology with
the imperative needs of vehicular safety and emergency
response, culminating in a comprehensive Smart SOS system
that significantly contributes to mitigating the impact of
accidents on individuals and communities.

I11. Literature Review

A. Timeline of the reported problem
Here is a timeline highlighting the key milestones in the
development and implementation of safety devices in vehicles,
with a particular focus on airbags:
1. 1951: John W. Hetrick patents the "inflatable crash-
protective device," a precursor to airbags.
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2. 1968: National ~ Highway  Traffic  Safety
Administration (NHTSA) is established to regulate
vehicle safety.

3. 1973: General Motors offers optional airbags in select
vehicle models.

4. 1974: NHTSA introduces the first safety standard for
passive restraints, promoting airbag development.

5. 1981: NHTSA mandates automatic seat belts or
airbags in all new passenger cars by 1984.

6. 1988: Crash test regulations for airbags set safety
standards for deployment.

7. 1990: Chrysler includes driver-side airbags as
standard in most vehicles.

8. 1997: Dual front airbags become mandatory in new
U.S. passenger vehicles.

9. 2006: Side-impact and curtain airbags
prevalence, enhancing side collision protection.

10. 2010: Advanced airbag systems with multiple stages
and occupant detection become common.

11. 2013: NHTSA mandates electronic stability control
(ESC) in all new vehicles for improved stability.

12. 2020s: Continued advancements introduce pedestrian
detection and emergency braking systems, elevating
vehicle safety standards.

This condensed timeline outlines the evolution of airbags and
safety technologies in vehicles, showcasing the ongoing
commitment to enhancing automotive safety for occupants and
pedestrians.

gain

B. Existing solutions
As we have gone through some research papers, we have found
some advancements in the technology used:

1. Automated Airbag Activation Alert: Upon airbag
deployment, the system triggers an automatic alert
signal.

2. GPS Positioning: Instant retrieval of precise GPS
coordinates ensures accurate location identification.

3. Automatic Emergency Call: Seamless communication
with emergency services, providing immediate
location details.

4. In-Vehicle Alert System: Occupants are promptly
notified through voice or visual alerts about the
emergency response.

5. Telematics Data Transmission: Sending
comprehensive vehicle data aids in assessing crash
severity.

6. User-Initiated SOS: Users have the capability to
manually activate the SOS in non-crash emergencies.

7. OEM Integration: Collaborating with vehicle
manufacturers ensures smooth integration into existing
vehicle systems.

8. Data Privacy Protocols: Stringent measures to
safeguard user data and ensure consent-driven
operations.

9. Continuous Monitoring and Updates: Maintaining
ongoing system functionality and regular updates for
optimal performance.

This comprehensive system stands poised to deliver swift
emergency responses during accidents, potentially saving lives
and significantly enhancing overall road safety.

C. Problem Definition

In the realm of road safety, there exists a pressing concern that

demands immediate attention and innovative solutions. The

problem at hand revolves around the current limitations of
emergency response systems in the aftermath of vehicular
collisions.

1. Despite advancements in vehicle safety features and the
capabilities of emergency services, several critical issues
persist, necessitating the development of the Airbag SOS
Notification System.

2. Significant problem is the delay in emergency service
response times following an accident. These delays can be
attributed to a lack of real-time information about the
incident’s location, severity, andnature.

3. Existing systems may struggle to accurately pinpoint the
location of an accident, especially in remote areas or
places with poor GPS signal reception which result in
inefficient use of resources and delays in reaching the
scene.

4. In addition, Current emergency systems often lack direct
communication channels with vehicle occupants, making
it challenging to assess their condition, provide guidance,
or obtain critical information in emergency situations.

5. After an accident, there is often a lack of streamlined
communication between drivers, insurance companies,
law enforcement, and healthcare providers, leading to
prolonged traffic disruptions, insurance claim delays, and
increased inconvenience for all involved parties.

The Airbag SOS Notification System, born out of recognition
of these critical issues, seeks to address these challenges
comprehensively. By automating and expediting emergency
response, enhancing incident localization, providing direct
communication with vehicle occupants, and streamlining post
accident procedures, this system aims to revolutionize road
safety and mitigate the problems plaguing existing emergency
response systems.

D. Goals and objectives

Enhance road safety by providing an efficient and immediate
means of alerting emergency services and relevant authorities
in the event of a vehicular collision.

This goal aims to improve the overall safety of roads by
ensuring that emergency services are alerted to accidents as
quickly as possible by automating the process of alerting
emergency responders this eliminates the need for human
intervention, which can save valuable time in the aftermath of
an accident. This goal seeks to improve the accuracy of accident
location identification, which can help emergency services to
reach the scene more quickly by using GPS to determine the
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vehicle's location by Facilitate real-time communication
between vehicle occupants and emergency services, allowing
for immediate assistance and guidance in potentially life-
threatening situations.

IV. Design flow process

A. Evaluation and specification of features
The evaluation and selection of specifications and features used
in an SOS-based airbag sensor is a critical process that involves
anumber of factors, including:
Performance: The sensor must be able to accurately and
reliably detect collisions in a variety of conditions, including
frontal, side, rear, and rollover collisions.
Reliability: The sensor must be able to operate reliably in harsh
automotive environments, including high temperatures and
shock.
Cost: The sensor must be cost-effective to manufacture and
install.
Power consumption: The sensor must consume a minimal
amount of power, especially in standby mode.
Size and weight: The sensor must be small and lightweight
enough to be easily installed in vehicles.
In addition to these general factors, there are a number of
specific specifications and features that should be considered
when evaluating and selecting an SOS-based airbag sensor.
These include:
Sensing range: The sensor should have a sensing range that is
sufficient to detect collisions from all directions.
Accuracy: The sensor should be able to accurately measure
acceleration in three axes.
Repeatability: The sensor should produce consistent results
when measuring the same acceleration.
Noise immunity: The sensor should be immune to noise from
other sources, such as engine vibration and road noise.
Self-test capability: The sensor should have a built-in self-test
capability to verify that it is functioning properly.

B. Design constraints

Design constraints play a significant role in shaping the
development and implementation of the Airbag SOS
Notification System. Here are the design constraints to be
considered:

1. Regulations: Adherence to data privacy laws for user
data protection.

2. Economic: Cost-effectiveness in system development
and production and Consideration of affordability for
manufacturers and consumers.

3. Environmental: Minimization of the system's
environmental impact in production and disposal.

4. Health & Safety: Ensuring occupant and responder
safety during and post-deployment and Avoidance of
health hazards from system materials.

5. Safety: Prioritizing safe system operation,
implementing fail-safes, and mitigating risks.

C. Analysis and Feature finalization subject to constraints
1. Regulations:

e Remove: Data practices breaching privacy
regulations.
e Add: Introduce user-controlled data consent.
2. Economic:
e Remove: Non-essential costly components.
e Modify: Streamline manufacturing for cost-

efficiency.
3. Environmental:
e Remove: Energy-intensive non-essential
features.
e Modify: Use eco-friendly materials and
processes.

4. Manufacturability:
e Remove: Complex, expensive manufacturing
methods.
e Modify: Standardize for scalability.
5. Safety:
e Remove: Overly complex safety features.
e Modify: Enhance user education.
These strategic actions align with regulatory, economic, ethical,
and environmental considerations for a safer, more cost-
effective Airbag SOS Notification System.

D. Design flow
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Design selection for an emergency airbag system involves
choosing the most appropriate components, technologies, and
approaches to create a system that effectively enhances
vehicle safety in the event of a collision. Factors for
selecting the design of an emergency airbag system are
Identify User Needs, technical feasibility, budget and cost
constraints, risk assessment, stakeholder input and prototyping
and testing.

V. Methodology

1. Project Initiation:
a. Project Scope Definition:

- Objective: The objective of an SOS-based airbag
system is likely to enhance vehicle safety by employing
advanced sensors and communication technologies to
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detect critical situations and deploy airbags accordingly.
The "SOS" in the term might refer to an emergency
situation, suggesting that the system is designed to
respond to imminent threats or accidents.

-Features:

1. Advanced Sensors: The system likely
incorporates a variety of sensors, such as
accelerometers, gyroscopes, and possibly
cameras, to continuously monitor the
vehicle's  dynamics and  external
environment.

2. Communication Technology: The term
"SOS-based" suggests a connection to
emergency services. The system may be
equipped with communication modules
(such as cellular or satellite communication)
to send distress signals or crash data to
emergency services or relevant authorities.

3. Automatic Emergency Call (eCall): In line
with the "SOS" theme, the system may be
capable  of  automatically initiating
emergency calls to relevant services,
providing location information and crash
details.

4. Selective Airbag Deployment: Unlike
traditional airbag systems, an SOS-based
system might have the ability to selectively
deploy specific airbags based on the nature
and direction of the impact, reducing the risk
of unnecessary airbag deployment.

2. Requirements Analysis:

a. Functional Requirements:

- Detecting collisions:

Integration of Accelerometer and Gyroscope: In order to
identify abrupt variations in the angular velocity and
acceleration of the vehicle, which may be signs of an
impending collision.

Data Fusion Methodologies: To effectively interpret
inputs from several sensors and ascertain the nature and
severity of collision, employ complex algorithms for data
fusion.

-Communication in an Emergency:

Automatic Emergency Call (eCall): Install a system that
can automatically contact emergency services in the event
that a collision is detected.

position Services: Provide emergency responders with
precise vehicle position data by using GPS or other
location-tracking technologies.

communication of Crash Data: To help emergency
services assess the situation, enable the communication of
crucial crash data, such as impact force, direction, and
vehicle status.

-Combining Current Airbag Systems with Integration:
Selective Airbag Deployment: Assist with the vehicle's
airbag system to allow for deployment that is based on the
type of collision and direction of impact.

Airbag deployment can be optimised to improve safety by
using occupant detection sensors, which determine the
quantity and location of occupants.

Communication with Engine Control Unit (ECU): To get
a complete picture of the issue, communicate with the
vehicle's ECU to get real-time information on the engine's
status, speed, and other pertinent characteristics.

b. Non-functional Requirements:

-Strongness and Dependability:

Redundancy: To guarantee dependability even in the
event of sensor or communication module failures,
implement redundant systems and communication routes.
Self-Diagnostics: Incorporate self-diagnostic features to
periodically evaluate the performance of communication
modules, sensors, and other vital parts.

-User Interface and Interaction:

Driver Feedback: Clearly and simply inform the driver of
the state of the system, including whether or not the
emergency call was initiated successfully.

Allow manual activation of the emergency call system in
cases where the driver determines there is an emergency
even if there may not have been a collision.

3. Sensor Selection and Integration:

a. Sensor Identification:

1. Accelerometers:

Track acceleration variations, which are essential for
spotting abrupt halts or collisions. Install accelerometers
in the car in strategic locations.

2. Global Positioning System, or GPS:

The goal is to supply precise location information to
emergency services. To enable real-time tracking,
integrate a GPS module into the system.

3. Cameras:

Obtains visual data regarding the collision and its
surroundings. To get a complete picture, install cameras
on the outside and inside of the car.

4.Radio Detection and Ranging, or RADAR:

To improve collision detection by determining the
proximity and velocity of nearby objects. To enhance
existing collision detection technologies, use RADAR
Sensors.

5.Light Detection and Ranging, or LiDAR:
Utilising laser light to measure distances, produce
intricate 3D mapping of the surrounding area.

4. Algorithm Development:
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a. Data Processing Algorithms:
i. Impact Severity Algorithm:

e Input: Accelerometer data (linear
acceleration)

e Processing Steps:

e Calculate the magnitude of the
acceleration vector.

e Compare the magnitude to
predefined thresholds to classify
impact severity (e.g., mild,
moderate, severe).

e Consider additional factors such as
changes in angular velocity from
gyroscopes for a more
comprehensive assessment.

ii. Collision Angle Algorithm:
e Input: Gyroscope data (angular velocity)

e Processing Steps:

e Analyze the angular velocity data to
determine the direction and orientation of
the collision.

e  Use trigonometric functions to calculate the
collision angle.

iii. Vehicle Speed Algorithm:
e Input: GPS data (location and time)

e Processing Steps:

e Calculate the distance travelled
between consecutive GPS points.

e  Use the time difference to
determine the speed.

5. Communication System:

a. Emergency Signal Transmission:

- Technologies of Communication:

Cellular Communication (e.g., 4G/5G): Send SOS signals
via the current cellular networks. This offers thorough
coverage and trustworthy communication.

Satellite Communication: As a backup or primary means,
satellite communication can be used in rural places or in
situations where cellular networks are unavailable.
Consider including short-range connectivity (such as
Bluetooth or Wi-Fi) for local notifications and
cooperation with neighbouring cars or infrastructure.
Information Format:

Standardised SOS Protocol: Create a uniform SOS signal
protocol that include crucial details like:

Identification of vehicles (ID or VIN)

GPS location

severity of the collision

Count of people living there

Date and time stamp

Status of the vehicle (e.g., engine on/off)

XML or JSON Format: For compatibility and ease of
parsing, represent the SOS signal data in an organised
format such as XML or JSON.

6. Integration Testing:

a. Test Circumstances:

A variety of test scenarios that replicate different kinds of
crashes, such as rear-end, side-impact, and frontal
collisions.

Taking into account various accident angles, speeds, and
occupant situations to fully evaluate the system's
performance.

b. Equip the Car with Instruments:

Install sensors on the car in line with the SOS system's
design, such as accelerometers, gyroscopes, cameras, etc.
Ascertain that the sensors are calibrated and synchronised
correctly in order to record precise data throughout the
crash simulation.

¢. Emulate Impacts:

To simulate collisions, use controlled locations like
racetracks or crash test facilities.

Use human substitutes such as crash test dummies to
simulate car occupants.

Observe safety procedures to guarantee a controlled
testing environment and the safety of testing personnel.

d. Track Sensor Information:

During every crash simulation, capture sensor data from
cameras, gyroscopes, accelerometers, and other pertinent
Sensors.

Examine the captured data to determine the precision of
impact severity assessment, collision detection, and other
important factors.

e. Assess Performance in  Communication:
Evaluate the efficiency of satellite, cellular, and other
communication systems in sending SOS messages to
emergency services.

Check that emergency services are interpreting the data
format appropriately and that it conforms with
requirements.

7. User Interface Development:
a. Display Emergency Status:

e Design an intuitive display that clearly
communicates the emergency status to
vehicle occupants.

e  Use visual indicators, such as color-coded
alerts or icons, to convey the severity of the
situation.

b. Real-time Feedback:

e  Offer real-time feedback on the progress of
the SOS signal transmission.

e Display notifications, status updates, or
progress bars to keep users informed.

¢. Two-Way Communication Interface:

o If applicable, design a two-way
communication interface to facilitate
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interactions between vehicle occupants and [17]Sri Krishna  Chaitanya ~ Varma, Poornesh, Tarun  Varma,
emergency services. Harsha ,“Automatic Vehicle Accident Detection and Messaging Device

[18]https://scholar.google.com/

¢ Include a microphone and speaker icon to [19]https://sci-hub.live/
indicate the availability of voice [20]https://www.google.com/

communication [21]https://www.electronicwings.com/sensors-modules/adxI335

d. Information Display:

e  Present essential information on the Ul, such
as GPS coordinates, vehicle status, and the
number of occupants.

e  Ensure that information is displayed in a clear
and easily readable form
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