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ABSTRACT

The Head Rest Air Bag System is an advanced smart safety solution aimed at enhancing passenger protection
during road accidents by integrating Internet of Things (IoT) technology with intelligent automation. The
primary objective of this project is to design and implement a responsive airbag mechanism embedded within
the headrest that can detect potential accidents and deploy safety measures in real time. The system is
developed using the ESP32 microcontroller as the central processing unit, responsible for processing sensor
data, executing control algorithms, and enabling wireless communication. It is also compatible with the
ESP8266 module, allowing flexible operation and remote access through IoT platforms. The system utilizes
multiple sensors, including accelerometers and vibration sensors, to continuously monitor parameters such as
acceleration, motion, and orientation. When abnormal conditions exceeding a predefined threshold are
detected, the system triggers immediate deployment of the headrest airbag. This rapid response helps reduce
the impact on the head and neck, minimizing injuries, particularly in rear-end collisions where such trauma is
most common. The deployment occurs within milliseconds, ensuring timely protection and improved
passenger safety.

A key feature of the system is its integration with the ESP RainMaker 10T platform, which enables seamless
communication between the hardware and user interfaces such as mobile applications. In the event of an
accident, the system automatically sends alert notifications to predefined contacts, facilitating faster
emergency response. Additionally, the prototype includes a mobility mechanism controlled via ESP8266,
demonstrating real-time wireless control capabilities.

Overall, the system offers a cost-effective, scalable, and efficient approach to automotive safety, combining
real-time detection, automated response, and remote monitoring, while also providing scope for future

enhancements such as GPS integration and Al-based prediction systems.
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Introduction

Road accidents are one of the leading causes of injuries and fatalities worldwide, making vehicle safety
systems an essential area of research and innovation. Traditional safety mechanisms such as seat belts and
conventional airbags have significantly reduced the impact of collisions; however, they still have limitations,
especially in protecting critical areas like the head and neck. To address this issue, the proposed Head Rest Air
Bag System aims to enhance passenger safety by introducing a smart, responsive airbag mechanism integrated
within the headrest. This system focuses on reducing head injuries during sudden impacts by deploying an
airbag at the right moment using intelligent sensing and control technologies. The main objective of this project
is to design and implement a smart airbag system using modern IoT-based microcontrollers such as ESP32
and ESP8266. These microcontrollers are widely used due to their low cost, built-in Wi-Fi capabilities, and
ease of integration with sensors and cloud platforms. In this project, the ESP32 acts as the primary controller
that continuously monitors various parameters related to vehicle movement and impact detection. When an
accident or sudden collision is detected through sensors, the system immediately triggers the airbag mechanism
embedded in the headrest to protect the user from severe injuries. In addition to the airbag deployment feature,
the system is also designed to provide real-time alerts to the vehicle owner or concerned individuals. Once an
accident is detected, the ESP32 sends an automatic notification message indicating that an accident has
occurred. This feature is particularly useful in emergency situations where immediate assistance is required,
as it helps in reducing response time and potentially saving lives. The integration of IoT technology ensures
that the system remains connected and can transmit data over the internet efficiently. Another important feature
of this project is its mobility and control capability using the ESP8266 microcontroller. The system is designed
in such a way that users can control the movement of the prototype model, such as moving it forward,
backward, left, or right. This is achieved through wireless communication, allowing users to operate the system
remotely via a mobile application or web interface. This functionality not only demonstrates the flexibility of

the system but also adds an interactive component to the project.

The entire system is developed using ESP RainMaker software, which is a powerful [oT platform provided by
Espressif. ESP RainMaker enables seamless device control, cloud connectivity, and real-time data monitoring.
It allows users to manage and control their devices from anywhere in the world through a smartphone
application. By utilizing this platform, the project ensures a user-friendly interface, secure communication,

and efficient data handling.
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From a technological perspective, the Head Rest Air Bag System integrates multiple components such as
sensors for accident detection, microcontrollers for processing, communication modules for data transmission,
and actuators for airbag deployment. The system operates in a continuous loop where it monitors sensor inputs,
analyzes conditions, and takes appropriate actions based on predefined thresholds. This real-time processing
capability is crucial for ensuring that the airbag is deployed at the exact moment of impact. Furthermore, this
project highlights the importance of combining embedded systems with IoT to develop intelligent safety
solutions. It demonstrates how automation and connectivity can be used to enhance traditional safety
mechanisms and make them more efficient and reliable. The use of ESP32 and ESP8266 makes the system
cost-effective and scalable, allowing it to be implemented in various types of vehicles, including cars and
bikes. In conclusion, the Head Rest Air Bag System represents a significant step towards improving vehicle
safety through smart technology. By integrating accident detection, automatic airbag deployment, real-time
alert messaging, and remote control features, the system provides a comprehensive solution to reduce the
severity of injuries during accidents. This project not only contributes to the field of automotive safety but also
showcases the potential of loT-based systems in creating innovative and life-saving applications. A research
article presents an advanced automotive airbag deployment system focused on reducing neck injuries during
rear-end collisions. The authors proposed integrating sensors such as accelerometers and pressure sensors to
detect sudden impact forces. The system emphasizes real-time processing for rapid deployment of airbags.
The findings highlight that adaptive airbag systems significantly reduce whiplash injuries. This research is
highly relevant to the Head Rest Airbag System as it supports the concept of targeted airbag deployment for
passenger safety [1]. A study explores IoT-enabled vehicle safety systems using microcontrollers like ESP8266
and ESP32. The authors designed a system that detects accidents using vibration sensors and sends
notifications via cloud platforms. The research demonstrates the importance of real-time alerts in reducing
emergency response time. This work directly supports the proposed project by validating the use of ESP-based
controllers and IoT communication for accident detection and alert systems [2]. A research article focuses on
smart sensor integration for automotive safety systems. It highlights the role of MEMS-based accelerometers
and gyroscopes in detecting collision severity. The authors conclude that multi-sensor fusion improves
detection accuracy compared to single-sensor systems. This research is useful for implementing accurate
accident detection in the Head Rest Airbag System [3]. The authors proposed a smart accident detection and

alert system using GSM and GPS modules. Upon detecting a crash, the system sends location-based alerts to emergency contacts.
The paper emphasizes reducing fatalities through faster communication. This concept is incorporated in the proposed project, where
ESP Rainmaker is used for real-time notifications instead of traditional GSM [4]. A research introduces adaptive airbag systems
controlled by Al algorithms. The system adjusts airbag deployment based on passenger position and crash intensity. Results show
improved safety compared to conventional airbags. This work provides insight into future enhancements of the Head Rest Airbag

System, such as intelligent deployment mechanisms [5]. The paper presents an loT-based vehicle monitoring system using ESP32
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and cloud platforms. It includes features such as remote monitoring, real-time alerts, and system control via mobile applications.
The study demonstrates the reliability of ESP Rainmaker-like platforms for smart applications. This directly supports the project’s
use of ESP Rainmaker for system control and monitoring [6]. This study discusses embedded systems for real-time control
applications. It highlights the efficiency of ESP32 in handling multiple tasks such as sensor data processing, communication, and
actuation simultaneously. The paper validates the selection of ESP32 as a suitable controller for the Head Rest Airbag System [7].
The authors developed a smart emergency response system for vehicles using IoT technology. The system detects accidents and
automatically contacts emergency services with location data. The study shows that automated alert systems significantly improve
survival rates. This supports the alert feature in the proposed project [8]. This paper explores motion control systems using ESP-
based microcontrollers. The authors implemented directional control (forward, backward, left, right) for robotic systems using
wireless communication. This research is relevant to the movement control feature of the project using ESP8266/ESP32 [9]. The
study focuses on cloud-integrated smart systems using ESP RainMaker. It demonstrates how devices can be monitored and controlled
remotely with high reliability and security. The authors conclude that ESP RainMaker is a powerful platform for IoT-based

automation. This directly aligns with the proposed project’s cloud-based control and monitoring system [10].

Problem with Existing System

Existing vehicle safety systems mainly focus on front and side airbags, often neglecting head and neck
protection, which are critical during rear-end or high-impact collisions. Traditional systems do not provide
real-time accident alerts to users or emergency contacts, causing delays in rescue operations. Most airbags are
mechanical and lack intelligent sensing or remote monitoring capabilities. Additionally, existing systems are
not integrated with IoT platforms, limiting data accessibility and control. There is also no provision for user
interaction or remote operation. These limitations reduce the overall effectiveness of safety systems and
highlight the need for a smarter, connected, and more responsive headrest airbag solution..

The problems with existing systems can be summarized as follows:
1. Lack of Focus on Head and Neck Safety

2. No Real-Time Accident Notification System

3. Absence of 10T Integration

4. Limited Sensor Intelligence

5. No Remote Control or User Interaction

6. Delayed Response in Emergency Situations

7. No Data Logging and Analysis
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8. High Cost and Complex Implementation
9. Lack of Integration with Smart Platforms like ESP RainMaker

10. Limited Mobility and Testing Flexibility

Proposed Solution

The proposed Head Rest Air Bag System is an intelligent safety solution designed using ESP32/ESP8266 and
ESP RainMaker platform to enhance passenger protection during accidents. The system integrates sensors to
detect sudden impacts or collisions in real time. Once an accident is detected, the controller immediately
activates the headrest airbag mechanism to reduce head and neck injuries. Simultaneously, the system sends
an alert message to the vehicle owner or emergency contacts via [oT connectivity. The project also includes
remote control movement features such as forward, backward, left, and right for demonstration purposes,
ensuring flexibility, real-time monitoring, and improved safety response.

The detailed elements of the proposed solution are as follows:
1. Intelligent Accident Detection Mechanism

The core of the proposed system lies in its intelligent accident detection mechanism, which uses sensors such
as accelerometers, vibration sensors, or gyroscopes to identify sudden impacts. These sensors continuously
monitor the motion and orientation of the vehicle or system. When an abnormal spike in acceleration or
vibration is detected, indicating a possible collision, the system processes this data in real time using the ESP32
microcontroller. This ensures immediate identification of accident conditions without delay. The detection
algorithm is designed to differentiate between normal motion (like speed bumps) and actual accidents,
reducing false triggers. By implementing a threshold-based or machine learning-assisted approach, the system
becomes highly reliable. This mechanism is critical as it acts as the trigger for activating safety features like

airbags and alert notifications, ensuring timely response and improved passenger safety.
2. Automated Head Rest Airbag Deployment System

Once the system confirms an accident, it activates the headrest airbag deployment system instantly. The airbag
is strategically placed within the headrest to protect the passenger’s head and neck area, which are highly
vulnerable during rear-end collisions. A fast-response actuator or inflator mechanism is used to deploy the
airbag within milliseconds. The ESP32 controls this deployment through a relay or driver circuit, ensuring
precise and timely activation. This reduces the chances of severe injuries such as whiplash or spinal damage.

The system is designed to operate reliably even in extreme conditions, ensuring safety under all circumstances.
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Additionally, the airbag mechanism can be tested and reset for demonstration purposes, making it suitable for

academic and prototype-level implementations while still reflecting real-world automotive safety systems.
3. Real-Time IoT-Based Alert System

An important feature of the proposed solution is the integration of an loT-based alert system using ESP
RainMaker. Once an accident is detected, the system sends an immediate notification to the vehicle owner or
predefined emergency contacts. This alert can include a message such as “Accident Detected” along with
additional information like time and system status. The ESP32 connects to the internet via Wi-Fi and transmits
this data to the cloud platform. From there, the message can be accessed globally through a mobile application.
This ensures that help can be arranged quickly, even if the victim is unable to communicate. The real-time
nature of this system significantly reduces response time during emergencies and enhances the overall safety

ecosystem by enabling remote monitoring and quick action.
4. Integration with ESP RainMaker Platform

5. Dual Microcontroller Compatibility (ESP32 & ESP8266)
6. Remote Control Mobility for Demonstration

7. Real-Time Data Processing and Decision Making

8. Enhanced Passenger Safety and Injury Prevention

9. Cost-Effective and Scalable Design

10. Future Integration and Smart Vehicle Compatibility

Components Required

1. Components Required

o LEDS

o Connecting wire
o Esp32

o SPST Switch

. Esp8266

) Bo Motor
° Bo Motor Wheel
° Buck Converter

° Buzzer
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Design calculations: Head Rest Air Bag System

ESP32 | Accelerometer | Buck Converter | BO Motor | loT Alert System

Power Supply — Buck Converter Duty Cycle

The system runs on a 7.4 V Li-lon battery. A buck converter steps it down to 5 V for motors and buzzer.

Given:
Supply Voltage Vin =74V
Output Voltage Vout=5.0V
Load Current IL =15A

Formula:

D = Vout / Vin
D=5.0/74

» Duty Cycle D =0.676 — 67.6%

¥ The MOSFET inside the buck converter is ON for 67.6% of every switching cycle to maintain 5 V output

from 7.4 Vinput.
Buck Converter — Inductor Value

Switching frequency: fs = 100 kHz |
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Formula:
L= (Vout x (1 — D)) / (AiL x fs)
L=(5.0 x (1 -0.676))/(0.45 x 100,000)
L=(5.0 x 0.324) / 45,000
L=1.62/45,000
~ Inductor L=36 pH — Select standard: 47 pH
Buck Converter — Efficiency & Power Loss

Typical buck converter efficiency: n =90%

Pout = Vout x IL=5.0x15=75W
Pin =Pout/n =7.5/0.90=8.33 W
Power Loss = Pin — Pout =8.33 — 7.5
s Power Loss =0.83 W (vs 3.6 W if linear regulator used — 77% less heat)
LED Current Limiting Resistor (Indicator LED)
Red indicator LED connected to 5 V rail. Forward voltage V= 2.0 V. Desired current If = 20 mA.

Formula:
R=(Vs—-V)/If
R =(5.0 —2.0)/0.020
R=3.0/0.020
&~ R=150Q | Power in resistor: P=1> x R =(0.02)> x 150 = 60 mW
# Use a Y W (250 mW) resistor — 60 mW dissipation is well within safe limit.
Accident Detection — Accelerometer Threshold
Normal hard braking =~ 0.8 g. Speed bump = 2 g. Rear-end collision > 5 g.

Threshold set at 3 g to detect accidents while ignoring normal driving events.

a_threshold = 3.0 x g =3.0 x 9.81
» a_threshold = 29.43 m/s?

ADC Conversion (ESP32 — 12-bit ADC, Vref = 3.3 V, ADXL345 sensitivity = 3.9 mg/LSB):
a_threshold in LSB = 3000 mg / 3.9 mg/LSB

~ Threshold Register Value =769 LSB — Program this into accelerometer
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Impact Force on Head — With & Without Airbag

This is the most critical calculation — it directly proves why the headrest airbag is necessary.

Given:
Mass of humanhead m =5kg
Vehicle speed before vg =40 km/h=11.11 m/s
Speed after collision v; =0 m/s
Impact time (no airbag) At =0.015s (15 ms)
Impact time (airbag) At' =0.080 s (80 ms)

Formula (Newton's 2nd Law):

F=mxAv/At = m X (vg—vy)/At

Without Airbag:
F=5x(11.11 - 0) / 0.015
~ F=3,703N «— DANGEROUS (causes concussion, whiplash, spinal injury)

With Airbag:
F=5x(11.11 - 0) / 0.080
&~ F=694 N «— SAFE (81.3% force reduction)

Kinetic Energy absorbed by airbag:
KE =% xm x v?=1 x5 x (11.11)?
~ KE =308.6J — This energy is absorbed and distributed by the airbag
Airbag Deployment Time (System Response Breakdown)

The total time from impact to full airbag inflation must be under the human injury window (~80 ms).

Accelerometer detects threshold 1 ms
20-sample confirmation window 20 ms
ESP32 processing & GPIO trigger 2 ms

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM62104 | Page 9


https://ijsrem.com/

SOl
A
@3@ International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930
Relay switching 5 ms
Actuator activation 3 ms
Airbag inflation (compressed air) 20 ms
TOTAL — Full Deployment 51 ms

~ Total Deployment Time =51 ms < 80 ms injury window — System is SAFE

ESP32 Clock Speed Verification:
Clock period =1/240 MHz = 4.17 ns
Instructions in 2 ms = 0.002 / 4.17x107° = 479,616 cycles
= ESP32 can execute ~480,000 instructions in 2 ms — more than enough for decision logic
BO Motor — Speed, Torque & Power
BO motor specs: Vm = 5V, No-load current = 150 mA, Speed = 150 RPM, Gear Ratio =48:1, Wheel @ =

65 mm

Motor Power:

P=Vm xI=5x0.150 = 0.75 W per motor

Linear Speed of Prototype:
Circumference =n X d =x % 0.065 = 0.2042 m
Speed = (150/60) rev/s x 0.2042 m/rev
~ Linear Speed v =0.51 m/s (51 cm/s)

Output Torque (after gearbox):
T_shaft =Kt x I=0.03 x 0.150 = 4.5 mN-m
T _output = T_shaft x Gear Ratio = 4.5 x 48
~ Output Torque =216 mN-m

Total Power (4 motors):
P_total=4 x0.75=3.0 W
Battery Life Calculation
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Battery: 7.4 V, 2000 mAh Li-Ion

Total system power (all active):

ESP32 (Wi-Fi active) 792 mW
Accelerometer 13 mW
Buzzer + LEDs 249 mW
4 x BO Motors 3000 mW

Buck Converter Loss 830 mW

TOTAL 4,884 mW =49 W

Battery Energy =V x Ah=7.4 x 2.0 =14.8 Wh
Battery Life = 14.8 Wh /4.9 W

= Battery Life = 3.02 hours (motors running) | ~6 hours in standby mode

Wi-Fi Alert Transmission Time

Alert message = 200 bytes JSON payload. Wi-Fi 802.11n data rate = 72 Mbps.

Time = Data Size / Data Rate
Time = (200 x 8 bits) / 72,000,000 bps
Time = 1600 / 72,000,000

~ Transmission Time = 0.022 ms — Alert sent in under 0.1 milliseconds

# End-to-end latency (including cloud): ~100-500 ms. Victim's phone receives alert within half a second.

SUMMARY OF ALL CALCULATIONS

1 Buck Converter D =Vout/ Vin D=67.6%
Duty Cycle
2 Inductor Value L = Vout(1-D)/ L=36 uH — 47 uH
AiL-fs
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3 Buck Converter Loss = Pin — Pout 0.83 W (n =90%)
Power Loss
4 LED Resistor R=(Vs—=Vi)/If R=150Q,P=060
mW
5 Accident Threshold a=nxg 29.43 m/s* (3g), 769
LSB
6a Force WITHOUT F=mAv /At 3,703 N
Airbag (DANGEROUS)
6b Force WITH Airbag F=mAv /At 694 N (SAFE, 81%
reduction)
6¢ Kinetic Energy at KE = Yomv? 308.6J
Impact
7 Airbag Deployment Sum of all stage 51 ms <80 ms
Time delays window
8a Motor Linear Speed v =(N/60) x nd 0.51 m/s
8b Motor Output Torque T=KtxIxGR 216 mN'm
8c Motor Power (x4) P=4xVmxI 3.0W
9 Battery Life t = Battery Wh / 3.02 hrs (active)
P total
10 Wi-Fi Alert Time t = Bits / Data Rate 0.022 ms
Methodology:

1. System Design and Planning

The first step involves designing the overall architecture of the headrest airbag system. This includes
identifying all required components such as ESP32/ESP8266, accelerometer (accident detection), airbag
deployment mechanism, and motor driver for movement, GSM/Wi-Fi module, and power supply. A block
diagram is created to define how each module interacts within the system.

2. Selection of Microcontroller (ESP32/ESP8266)
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The project uses ESP32 or ESP8266 as the main controller due to its built-in Wi-Fi capability and
compatibility with IoT platforms. ESP32 is preferred for better performance, while ESP8266 can be used as a

cost-effective alternative.

3. Accident Detection Mechanism
An accelerometer sensor (such as MPU6050) is used to detect sudden changes in motion, tilt, or impact.
Threshold values are programmed into the controller so that when abnormal acceleration or collision is

detected, the system identifies it as an accident.

4. Airbag Deployment System
A compact airbag module is integrated into the headrest. When an accident is detected, the ESP32 triggers a

relay or actuator mechanism that inflates the airbag instantly to protect the user’s head and neck.

5. IoT Integration using ESP RainMaker
The system is connected to ESP RainMaker platform, allowing real-time monitoring and control via a mobile

application. Users can check system status, receive alerts, and control movement features remotely.

6. Alert Notification System
Once an accident is detected, the system automatically sends a notification message to the vehicle owner or
emergency contacts via Wi-Fi. This alert may include accident status and possibly location data (if GPS is

integrated).

7. Motorized Movement Control
The project includes motor drivers connected to wheels or a base platform. Using ESP RainMaker, the user
can control the movement of the system (forward, backward, left, right), demonstrating remote navigation

capability.

8. Power Supply and Backup System
A stable power supply is designed using batteries or regulated DC supply. Backup power is included to ensure

the system continues functioning during an accident or power failure.

9. Programming and Software Development
The system is programmed using Arduino IDE or ESP-IDF. Code includes:

. Sensor data reading
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. Accident detection logic
. Airbag triggering mechanism
. Wi-Fi communication
. ESP RainMaker cloud integration
. Motor control logic

Testing and Validation

The final step involves rigorous testing of all modules:

. Simulating accident conditions to verify detection accuracy

. Testing airbag deployment speed

. Veritfying alert notifications

. Checking remote control functionality via ESP RainMaker

This ensures reliability, safety, and real-time responsiveness of the system

Acceleration vs. Headrest Airbag Deployment
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Advantages:

1. Enhanced Head Protection

Reduction in Neck Injuries

Fast Accident Detection using ESP32

Automatic Emergency Notification

IoT Integration with ESP RainMaker

Dual Microcontroller Support (ESP32 & ESP8266)
Remote Control Movement Capability

Low Power Consumption

0 ® Ny kv D

Cost-Effective Safety Solution

10. Real-Time Monitoring System

11. Compact and Space-Saving Design

12. Easy Installation and Implementation
Disadvantages:

1. High System Complexity
Dependency on Internet Connectivity
False Accident Detection
Power Consumption Issues
High Implementation Cost
Delay in Message Transmission

Mechanical Failure of Airbag System

e A o

Limited Accuracy of Sensors

Future Scope
In the future, the Head Rest Air Bag System can be significantly enhanced by integrating advanced Artificial
Intelligence and Machine Learning algorithms to predict potential accidents before they occur through analysis

of real-time parameters such as vehicle speed, driver behavior, and environmental conditions, enabling
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preventive actions like early warnings or pre-activation of safety mechanisms. The system can also be
upgraded with an automatic emergency notification feature that communicates directly with nearby hospitals,
ambulances, and police stations using GPS and GSM modules to transmit precise location details, thereby
reducing response time. Furthermore, incorporating Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure
(V2I) communication will allow sharing of hazard information with surrounding vehicles and traffic systems,
improving overall road safety. Additional improvements may include biometric health monitoring of drivers
and passengers to track vital parameters such as heart rate and oxygen levels, enabling timely intervention in
case of abnormalities. Cloud-based data storage and analysis can be implemented to record accident and sensor
data for performance optimization, insurance validation, and safety research. The system can also be expanded
into a multi-airbag deployment framework covering different parts of the vehicle for comprehensive
protection. Features like voice alert and assistance systems can guide occupants during emergencies, while an
enhanced mobile application can provide real-time monitoring, analytics, and remote control capabilities.
Integration with autonomous and semi-autonomous vehicle technologies will further strengthen safety by
aligning with ADAS functionalities, and the adoption of energy-efficient or solar-powered designs can ensure

sustainable and uninterrupted operation even in critical conditions.

Conclusion

The Head Rest Air Bag System project successfully demonstrates the design and implementation of a smart
safety mechanism using IoT technology to enhance passenger protection during accidents. By integrating the
ESP32/ESP8266 microcontroller with sensors and the ESP RainMaker platform, the system can detect
accidents in real time and immediately send alert messages to the vehicle owner, ensuring quick response and
assistance. The inclusion of remote control features such as forward, backward, left, and right movement adds
flexibility and user interaction to the system. Overall, this project highlights the potential of combining
embedded systems, wireless communication, and cloud-based control to create an efficient, reliable, and

intelligent safety solution that can significantly reduce the risk of severe injuries in road accidents.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM62104 | Page 16


https://ijsrem.com/

