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Abstract. Motorcycle riders face numerous risks, including as collisions, reckless
driving, and inclement weather. The objective of this project is to develop an Intel-
ligence Helmets Technology which will improve their safety and fulfill the legal
requirements. Using a Raspberry Pi and sensors, this helmet will include monitor-
ing in real time, detection of crashes, and communications features.The Raspberry
Pi, which serves as the primary controller, is at the center of the system. To verify
the rider's identity and that the helmet is being worn, it attaches to a camera mod-
ule. To detect unexpected shocks or collisions, an ADXL accelerometer is incorpo-
rated. To help provide a safe riding environment, a gas sensor measures potentially
harmful air contaminants. A GPS module maintains the rider's current position,
while a GSM module sends SMS messages with alarms and location information in
case of emergencies. During emergencies, a buzzer alerts gives the rider instant in-
formation. An SD card is used to store sensor data. By protecting motor cycle rid-
ers and raising industry safety requirements, this cutting-edge design hopes to low-
er the number of fatalities and injuries caused by accidents. Utilizing a number of
essential amenities, including helmet usage verification, accident detection, envi-
ronmental hazard monitoring, and emergency communication facilitation, this in-
telligent helmet enhances rider safety.

Keywords: Raspberry pi, Camera, SD card, GSM, ADXL, Gas sensor, Display,
Buzzer, GPS.

1 Introduction

Today's modern society requires a significant amount of energy, with the construction
industry producing large amounts of waste and emissions. Additive manufacturing
(AM) technologies, such as 3D printing and 3D scanning, offer a sustainable alterna-
tive to traditional construction methods to fight climate change and lower greenhouse
gas emissions. By utilizing AM, industries can efficiently produce a wide range ofThe
safety of both riders and customers is becoming increasingly important as motor cy-
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cletaxi services proliferate. Helmet-less riding, reckless driving, and hazardous envi-
ronmental conditions are the main causes of a large number of accidents [1]. This
research presents an Al-powered Smart Helmet that mitigates such hazards. The secu-
rity of motor cycletaxi riders will be strengthened by this helmet's capability to incor-
porate live monitoring, implementation of safety procedures, and emergency alerts

[2].

Figure 1: Accident detection model diagram

The Raspberry Pi, the central component of the system, controls a number of sensors
that monitor the riding environment. Abrupt motions are detected by an ADXL accel-
erometer, which may indicate falls or impacts. A gas sensor assesses the ambient air
and looks for hazardous gas concentrations. In an emergency, a GSM module enables
instant communication by sending urgent messages to pre-designated contacts. The
rider's location is determined via a GPS module, enabling prompt help. In order to
alert the rider to safety violations or hazardous circumstances, the helmet also features
a visual display and an auditory alarm [3]. The helmet can detect crashes, observe
environmental risks, verify helmet usage, and provide immediate alerts by using arti-
ficial intelligence for data processing. For motor cycletaxi riders, this makes the ride
safer and more intelligent [4]. This development promotes safe riding practices, expe-
dites emergency response, and increases road safety

1.1  Research Objectives

The need for effective and reasonably priced transport options has increased due to
the fast urban population growth, especially in developing nations. As a practical
means to get around crowded city streets, motor cycle services have become a well-
liked and easily accessible kind of transportation. Simultaneous with this growing,
there has been a notable rise in traffic incidents involving motor cycle riders, raising
serious safety issues. Like difficult situations weather and pollution in the air. Fur-
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thermore, the high percentage of riders who do not wear helmets increases the possi-
bility of serious brain injuries in the case of an accident. It is clear that a proactive
and clever safety solution is required. One possible strategy to reduce these dangers is
the creation of a smart helmet that incorporates real-time monitoring, accident detec-
tion, and emergency communication features.

2 Review Methodology

The Camera Module is the first component of the system and records visual infor-
mation. The Facial Recognition/Helmet Usage Verification block receives this data
after that. Here, the photos are processed by the Raspberry Pi to verify the rider's
identification and make sure they are appropriately donning the helmet. Concurrently,
the ADXL Accelerometer continuously tracks the movement of the helmet and trans-
mits information to the Impact/Accident Detection block. In order to identify whether
a collision or fall has taken place, this section examines abrupt changes in accelera-
tion. Furthermore, the Gas Sensor collects ambient air samples and sends the infor-
mation to the Air Quality Monitoring block, which determines whether dangerous
gases are present. The Location Tracking block receives real-time location data from
the GPS Module. This enables the device to determine the exact location of the rider.
Simultaneously, the GSM Module is prepared to enable communication. The Emer-
gency Communication (SMS Alerts) block instructs the GSM module to send SMS
messages with the rider's location and alert information to significant others, such as
family members, when an emergency is identified.

Receiving and processing information from all of the sensors and control blocks, the
Raspberry Pi serves as the brain. Based on the sensor readings, it decides what to do
and initiates the proper action. The SD Card contains all sensor data and incident
reports. This makes it possible to analyse riding circumstances after the fact. The
Real-time Feedback block transmits pertinent data, including safety alerts or sensor
readings, to give the rider quick feedback. The Buzzer also sends out alerts. This en-
sures that the rider is instantly informed of important events and acts as an instant
warning for safety infractions.
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Figure 2: Block diagram oflntelligent Helmet System

3 Literature Review

. The desire to reduce the significant hazards that motorcycle riders experience, espe-
cially in the context of motor cycle services, has led to a growing interest in the de-
velopment of smart helmets for motorcycle safety. This review looks at the body of
research on important topics pertaining to the suggested Al-based Smart Helmet, such
as emergency response, environmental monitoring, accident detection, and helmet
compliance.

Making sure that wearing a helmet is essential for rider safety draws attention to how
common non-compliance is and how it is directly linked to serious head injuries. Nu-
merous approaches, such as sensor-based systems and computer vision algorithms,
have been investigated in studies for helmet detection. The project's suggested facial
recognition technology presents a viable way to confirm a rider's identity and helmet
use. [5] Shown that real-time facial recognition in related applications is feasible with
Raspberry Pi and camera modules. The implementation of strong helmet compliance
procedures is made possible by this research [6].

For quick emergency response, accurate and prompt accident detection is essential. A
lot of impact analysis has been done with accelerometer-based devices. [7] How well
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ADXL accelerometers work to identify unexpected impacts and distinguish between
accidents and typical riding situations. According to [8], machine learning systems
can improve accident detection accuracy by examining acceleration trends and deter-
mining crucial thresholds. The reliability of accident detection has also been demon-
strated to be improved by research on sensor fusion, which combines accelerometer
data with other sensor inputs.

Air pollution is one of the dangerous environmental factors that motor cycle riders
frequently encounter. Numerous applications have utilized gas sensors to check the
quality of the air. [9] The detection of hazardous chemicals in urban settings using
inexpensive gas sensors. By incorporating these sensors into a smart helmet, riders
may take the appropriate safety measures by receiving real-time data on the quality of
the air. Additionally, studies on environmental sensors and GPS data can be used to
create a map of areas with high air quality.

Lowering the effects of accidents requires quick emergency intervention. GPS and
GSM modules are frequently used for emergency communication and position track-
ing. [10] The GSM modules in providing location-based SMS notifications during
emergencies. By incorporating these modules into a smart helmet, automatic emer-
gency alarms can be activated, guaranteeing that assistance is sent out as soon as pos-
sible. Important information, such as the rider's health status, can be transmitted along
with position data thanks to research on integrating communication characteristics
with other sensor data [11].

It is essential to integrate different sensors and communication modules into a coher-
ent system. IoT applications and embedded devices have made extensive use of the
Raspberry Pi, a multipurpose single-board computer [12]. The creation of sensor-
based monitoring systems using Raspberry Pi. To create a useful and dependable
smart helmet, research into low-power embedded devices and effective data pro-
cessing algorithms is crucial [13].

4 Raspberry PI

the Raspberry Pi 5 offers a 2-3x improvement in CPU speed thanks to its 64-bit quad-
core Arm Cortex-A76 processor operating at 2.4GHz. In addition to offering a signifi-
cant boost in graphics performance from an 800MHz Video Core VII GPU, dual
4Kp60 display output via HDMI, and cutting-edge camera support from the Raspber-
ry Pi Image Signal Processor, it gives consumers a seamless desktop experience and
opens up new possibilities for industrial clients. This is the first full-size Raspberry Pi
computer to use silicon that was created in-house at Raspberry Pi [14].

Figure 3: Raspberry Pi
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5 ADLX335 Accelerometer

An accelerometer is an electromechanical device that will measure acceleration force.
It shows acceleration, only due to cause of gravity i.e. g force. It measures accelera-
tion in g unit.

Figure 4: Accelerometer
An electromechanical instrument used to measure acceleration force is called an ac-
celerometer. It only exhibits acceleration because of gravity, or g force. Acceleration
is measured in g units.In addition to dynamic acceleration brought on by motion;
shock, or vibration, accelerometers can be employed for tilt-sensing applications [15].

51 MQ-2 Gas Sensor

MQ-2 gas sensor. The conductivity of the sensor increases in tandem with the concen-
tration of the target combustible gas. Using a straightforward circuit, users can trans-
late the change in conductivity into the corresponding output signal of gas concentra-
tion. In addition to being highly sensitive to smoke and propane, a MQ-2 gas sensor is
also capable of detecting natural gas and other dangerous steam. It is inexpensive and
appropriate for a variety of flammable gas detection applications [16].

Figure5 : MQ-2 Gas Sensor

5.2 GPS - Global Positioning System

GPS is a satellite navigation system that operates in space. Anywhere on or close to
the Earth, it gives position and time information in all types of weather. GPS receivers
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are widely used for research, location, navigation, and time distribution. A GPS re-
ceiver receives radio signals from the GPS satellites and uses them to determine the
satellites' location. To calculate the four dimensions of X, Y, and Z (latitude, longi-
tude, and elevation) as well as time, a minimum of four satellites might be needed.
Depending on the needs and application, the GPS receiver translates the received
signals into position, predicts the time, and provides other helpful information. GPS
measures the time it takes for a radio signal—the GPS signal—to travel from a GPS
satellite to a GPS receiver in order to calculate the distance between the two[17].

Figure6: GPS

53 GSM Modem

The European Telecommunications Standards Institute (ETSI) created the GSM
standard set to define the technology for digital cellular networks of the second gener-
ation (2G).Like a mobile phone, a GSM modem is a specialised kind of modem that
uses a SIM card and is powered by a subscription to a mobile operator[18].

Figure 7 :GSM
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6. Conclusion:

An excellent basis for the creation of an Al-based smart helmet for motor cycle riders
is provided by the anatomy of current literature. Research on emergency response,
environmental monitoring, helmet compliance, and accident detection provides im-
portant information for the development and deployment of such a system. Using a
Raspberry Pi platform to integrate these technologies offers a viable way to improve
rider safety and lower the number of fatalities and injuries caused by accidents. Future
research should concentrate on refining machine learning algorithms for accident
detection, optimizing sensor fusion, and testing the smart helmet in real-world scenar-
ios to assess its dependability and performance.

Figure 8 : Experimental setup of Intelligent Helmet System
The goal of this initiative is to enhance the safety and wellbeing of motor cycle riders,
who are essential to urban transportation systems. Our goal in creating an Al-powered
Smart Helmet is to help make the motorcycle sector safer and more sustainable by
lowering the number of fatalities and injuries caused by accidents and encouraging
safe riding habits. This project responds to the urgent demand for creative safety solu-
tions given the growing difficulties with urban mobility.
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