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Abstract:

The integration of Internet of Things (1oT) technologies for vehicle safety is crucial in improving road
safety and rider security. This study presents a comprehensive loT-based motorcycle safety system
designed to monitor critical parameters in real-time. The system incorporates sensors like DHT11 for
temperature/humidity, MQ6 for gas levels, GPS for location tracking, IR for helmet status, and an
accelerometer for accident detection.

The proposed system initializes sensors, acquires data, and transmits it to a centralized server. Data
including temperature, humidity, gas levels, GPS location, and helmet status is displayed in real-time on
an LCD screen. Anomaly detection alerts the rider to potential dangers through a buzzer. The
accelerometer detects accidents, triggering emergency notifications to designated contacts.

Key contributions include developing and evaluating a practical loT-based motorcycle safety system,
addressing safety concerns in real-world scenarios. Extensive testing validates its effectiveness in
enhancing rider safety and reducing motorcycle accidents. Future work aims to enhance system
robustness, scalability, and integration with emerging IoT technologies to further advance motorcycle
safety and reduce road fatalities.

Keywords: Accident Detection, Helmet Status Detection, Sensor Integration, lot Based System, Gas
Level Sensing.

1. Introduction

The rapid advancement of Internet of Things (loT) technology has transformed various facets of
contemporary life, spanning transportation, healthcare, and environmental monitoring [22]. In the realm
of personal safety, l0T-based systems have emerged as pivotal tools for bolstering the security and well-
being of individuals, particularly in contexts such as vehicular safety.

This research paper delves into the design and implementation of an loT-enabled safety system tailored
for motorcycle riders, aimed at mitigating risks associated with accidents and environmental hazards. The
proposed system integrates a suite of sensors and modules, including the DHT11 sensor for temperature
and humidity monitoring [1], the MQ6 sensor for gas level detection [3], a GPS module for location
tracking [5], an IR sensor for helmet status verification [7], and an accelerometer sensor for accident
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detection [8]. These components are interconnected and deployed on a Node-MCU platform, enabling
real-time data acquisition and transmission.

The primary objective of this study is to develop a comprehensive loT-based solution that enhances rider
safety through proactive monitoring and alert mechanisms. By continuously monitoring environmental
conditions such as temperature, humidity, and gas levels, the system can preemptively identify potential
hazards and alert the rider accordingly. Moreover, the inclusion of helmet status detection ensures
adherence to safety protocols, further reducing the risk of accidents.

A key feature of the proposed system is its capability to transmit collected data to a centralized server for
analysis and remote monitoring (Kim et al., 2019) [5]. This facilitates real-time visualization of
environmental parameters and supports data-driven decision-making for both riders and relevant
stakeholders.

Furthermore, the system incorporates advanced functionalities such as abnormal value detection and
accident notification. By analyzing sensor data for anomalies and triggering alerts in case of detected
abnormalities or accidents, the system provides an additional layer of safety and support for riders,
potentially mitigating the severity of injuries and expediting emergency response procedures.

In summary, this research contributes to the evolving landscape of loT-based safety solutions, particularly
in the domain of motorcycle rider safety. Through practical implementation and evaluation, insights
gained from this study aim to inform the development of more robust and effective loT-enabled systems
for safeguarding individuals in diverse environments and scenarios.

2. Literature Review:

1. Lietal. (2018):

- Focus: Calibration techniques for DHT11 sensors in loT environments.

- Key Findings: Proposed a method for enhancing sensor accuracy and reliability through calibration,
addressing challenges of dynamic environmental conditions.

2. Zhang et al. (2020):

- Focus: Reliability of DHT11 sensors in loT applications.

- Key Findings: Explored the performance of DHT11 sensors and emphasized calibration methods for
consistent and accurate data collection.

3. Wang et al. (2019):

- Focus: Gas detection using MQG6 sensors in loT-based systems.

- Key Findings: Demonstrated the effectiveness of MQ6 sensors in detecting gas levels and air quality,
highlighting their role in vehicular safety.

4. Smith et al. (2017):

- Focus: Advancements in GPS technology for accurate location-based services.

- Key Findings: Explored improvements in GPS accuracy and signal processing techniques for reliable
location tracking in loT-enabled vehicles.

5. Kimetal. (2019):

- Focus: Enhancing GPS performance in loT-enabled vehicles.

- Key Findings: Investigated methods to mitigate GPS signal interference and optimize location
accuracy, particularly in urban environments.

6. Chenetal. (2018):

- Focus: Application of IR sensors in vehicle safety systems.
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- Key Findings: Explored IR sensor capabilities for object detection and safety gear verification,
highlighting their importance in accident prevention.

7. Guptaetal. (2021):

- Focus: Addressing limitations of IR sensors under varying conditions.

- Key Findings: Investigated techniques to overcome challenges related to light conditions and object
densities, enhancing sensor reliability.

8. Leeetal. (2016):

- Focus: Integration of accelerometers for accident detection in 10T platforms.

- Key Findings: Developed algorithms to detect abnormal vehicle movements and trigger emergency
notifications based on accelerometer data.

9. Johnson et al. (2020):

- Focus: Refinement of crash detection algorithms using accelerometers.

- Key Findings: Explored methods to differentiate between normal vehicle activities and actual
accidents, improving the accuracy of incident detection.

10. Liu et al. (2019):

- Focus: Optimized data processing techniques for loT-based vehicle monitoring.

- Key Findings: Investigated strategies for efficient data aggregation and transmission, enabling real-

time monitoring and analysis of sensor data.

Paper Title | Advantages Identified Gaps

Lietal. Calibration techniques for Dynamic environmental impact on sensor

(2018) enhanced sensor accuracy performance

Zhang et | Reliability of DHT11 sensors in | Lack of comprehensive studies on long-term sensor
al. loT reliability

(2020) applications

Wang et | Effectiveness of MQ6 sensors in | Assessment of sensor drift and accuracy during

al. gas detection prolonged usage

(2019)

Smith et | Advancements in GPS accuracy | Mitigating GPS signal interference and optimizing
al. for location tracking accuracy in urban environments

(2017)

Kim et al. | Optimization of GPS Addressing challenges related to GPS accuracy under
(2019) performance in loT-enabled varying conditions

vehicles

Chen et al. | Application of IR sensors for Overcoming limitations of IR sensors under different
(2018) object detection light conditions and object densities

Guptaet | Techniques to address IR sensor | Enhancing IR sensor reliability under varying

al. challenges environmental conditions

(2021)

Leeetal. |Integration of accelerometers for | Refinement of crash detection algorithms to

(2016) accurate accident detection differentiate normal vehicle activities from accidents
Johnson et | Development of crash detection | Enhancing algorithm accuracy to improve incident
al. algorithms detection
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(2020)

Liuetal. |Optimized data processing Development of robust data aggregation strategies and
(2019) techniques for loT monitoring scalable processing methods for real-time monitoring

3.1 System Setup and Initialization

Hardware Configuration:

The Node-MCU microcontroller board was utilized to integrate and initialize various sensors and modules
including the DHT11 temperature and humidity sensor, MQG6 gas sensor, GPS module, IR sensor for
helmet detection, and an accelerometer sensor.

[ SENSORS J [ USE case J CLOUD
(FIREBASE)
bata
DTH 11 SENSOR

ALCCHOL STATUS

Check Helmet
Status

Fig 1. Block diagram of integration of sensors
The block diagram shows how the different components of the system are connected. The power supply
board provides power to the ESP32, the sensors, and the buzzer. The gas sensor and the IR sensor send
their data to the ESP32. The ESP32 processes the data and controls the buzzer. The ESP32 can also send
data to the loT cloud.

3.2 Data Acquisition

1. Temperature and Humidity Monitoring

a. The DHT11 sensor was employed to continuously measure ambient temperature and humidity.

b. Data readings were captured at regular intervals using appropriate programming techniques.

2. Gas Level Sensing

a. Gas level data from the MQG6 sensor was sampled periodically to assess air quality.

b. Analog readings were converted into meaningful gas concentration values using established
calibration methods.

3. Location Tracking

a. The GPS module interfaced with the Node-MCU to acquire real-time geographical coordinates.

b. Location data including latitude and longitude were extracted and prepared for transmission.

4. Helmet Status Detection

a. An IR sensor was employed to detect the presence or absence of a helmet.

b. Digital signals from the IR sensor were processed to determine the helmet's status (on or off).

Data Transmission and Display

- Server Communication: Collected sensor data (temperature, humidity, gas level, GPS coordinates,
helmet status) were transmitted securely to a designated server using Wi-Fi connectivity.

- Local Display: A liquid crystal display (LCD) was utilized to showcase real-time sensor readings for
immediate user feedback.

IJFMR240320780 Volume 6, Issue 3, May-June 2024 4



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Abnormality Detection and Alert System

- Data Analysis and Anomaly Detection: Received sensor data were analyzed to identify abnormal
values such as high gas levels or extreme temperature.

- Buzzer Activation: In case of abnormal readings, an integrated buzzer was triggered to provide
audible alerts to the user.

Accident Detection and Notification

- Accelerometer Monitoring: The onboard accelerometer was employed to detect sudden changes in
velocity indicative of an accident.

- Guardian Notification: Upon accident detection, an automated notification containing relevant
location details was dispatched to predefined emergency contacts or guardians.

4. Result:

The implementation of various sensors within smart helmet technology plays a crucial role in enhancing
rider safety and enabling advanced functionalities. Each sensor contributes unique capabilities to the
system, allowing for comprehensive monitoring and intelligent responses to environmental and vehicle-
related factors.

The IR sensor serves a critical role in ensuring rider safety by detecting the presence of the helmet on the
rider's head. By sensing the proximity of the rider's head, the IR sensor accurately determines whether the
helmet is worn or absent, promoting helmet usage compliance and activating safety features only when
the helmet is properly worn.

Integrating a gas sensor capable of detecting alcohol concentration adds an important layer of safety to
smart helmets. By setting predefined threshold levels for alcohol concentration, the gas sensor can trigger
alerts to prevent riding under the influence, mitigating the risk of accidents and promoting responsible
riding behavior.

The temperature sensor continuously monitors surrounding ambient temperatures within the smart helmet.
This real-time data is essential for ensuring rider comfort and safety, especially in extreme weather
conditions, enabling riders to make informed decisions regarding their riding environment and take
necessary precautions.

The GPS sensor provides continuous location tracking and updates within the smart helmet system,
enhancing navigation capabilities and facilitating emergency response in case of accidents or emergencies.
Real-time location data ensures efficient and safe navigation to destinations.

Gyroscopic data from the gyro sensor plays a crucial role in assessing vehicle stability and detecting
abnormal movements. By monitoring angular velocity and orientation, the gyro sensor contributes to
optimizing vehicle handling and control, enhancing rider safety particularly in dynamic riding conditions.
Future research directions may focus on optimizing sensor accuracy, refining threshold settings for gas
sensors, and developing advanced algorithms for sensor data fusion. Exploring new sensor technologies
and their integration into smart helmet systems could further enhance rider safety and expand the
capabilities of loT-enabled vehicle technologies.

5. Conclusion:
This study presents the development and implementation of a comprehensive loT-based safety system for
vehicles using a Node-MCU microcontroller interfaced with various sensors and modules. The system
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integrates functionalities including real-time monitoring of environmental conditions (temperature,
humidity, gas levels), location tracking, helmet status detection, and accident detection.

The research contributes to 10T applications in vehicle safety by demonstrating a practical implementation
that enhances rider safety and provides crucial monitoring capabilities. The integration of multiple sensors
enables a holistic approach to monitoring and responding to environmental and safety conditions in real-
time.

Insights gained from this study highlight the feasibility and effectiveness of using 10T technologies for
enhancing vehicle safety. The system's ability to detect abnormal values and trigger alerts based on sensor
data underscores the potential for proactive safety measures.

The findings have significant implications for vehicle safety technology and IoT applications,
demonstrating how 10T devices and sensors can improve safety features and provide real-time data for
informed decision-making during critical situations.

Future research directions may explore enhancements to the system, such as optimizing sensor accuracy,
implementing machine learning algorithms for predictive analysis, and integrating with vehicle control
systems for automated hazard responses. Considerations for scalability, cost-effectiveness, and user-
friendly interfaces can also be addressed in subsequent studies.

In conclusion, the loT-based safety system developed in this study showcases the transformative potential
of loT technologies in revolutionizing vehicle safety. Its capabilities in monitoring environmental
conditions, detecting safety violations, and responding to emergencies highlight practical utility and pave
the way for further advancements in loT-enabled vehicle safety solutions.
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