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Abstract1 

Background/Objectives: Helmet for Road Hazard Warning and Wireless Motorcycle Authentication was 
designed for the safety and prevention of accidents for motorcycle riders by making them wear a helmet 
before driving, automatically warns them about the road hazards that the riders encounters, and sending 
SMS to the emergency contact numbers of the rider to call medical help immediately when an accident 
occurs. Methods/Statistical analysis: The project consists of two devices: the Helmet and the Navigation 
Device. Navigation Device equipped with Raspberry Pi 3 B+ as the main controller, which was connected on 
the LCD Touch Screen that displays wherein the user can delete the saved audio files and edit numbers that 
receives the SMS in case of emergency. Arduino Uno was connected to the Raspberry Pi via USB serial where 
the GSM Module was connected for texting, Piezo Vibration Sensor for calculation of the impact to identify 
an accident, and the Alarm for the rider to notify to wear the helmet. Findings: On the Helmet Device, it was 
equipped with an Arduino Nano that serves as the main controller of the Copper Switch to detect if the rider 
is wearing a helmet or not. Improvements/Applications: The Helmet Device has a microphone and speaker 
for the recording and automatically plays the road hazards encountered by the rider. Dash cams for 
recording of the front and rear view of the rider for future evidence. Both Helmet and Navigation devices 
work in synchronization using Bluetooth modules. 
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I. INTRODUCTION 

Nowadays, most people prefer motorcycles 

over cars as it is easier to run, easier to repair, easier 

to park, flexible to traffic, and it is cheaper than cars. 

The latest statistics available from the Land 

Transportation Office (LTO) concluded that more 

than half of the vehicles nationwide are motorcycles. 

There are a total of 8.7 million vehicles, and 5.8 

million of them are registered motorcycles (Sy, 

2019). Motorcycles are by their nature far less 

crashworthy than closed vehicles. They are also less 

visible to other drivers and pedestrians and less 

stable than four-wheel vehicles. In 2016, nearly 600 

people lost their lives in motorcycle road accidents 

(HS, 2014). 

In 2015, the Road Safety Report of World 

Health Organization (WHO) reported that 33 percent 

of riders killed were a “direct result” of the rider 

speeding. Some 40% of the riders killed in 2015 

were not wearing a helmet (WHO, 2015).  Almost 

everything in life requires some level of risk or 

danger and there is no way to remove it from the 

equation entirely, so there will always be an element 

of danger involved when driving, like bad weather, 

gravel or sand, potholes, and bad drivers.  

The head is one of the most fragile part of 

the body that is prone to injury. According to 

statistics, serious head injuries can happen even at 

low speeds. Ninety percent of head injury cases are 

due to road traffic accidents, about 72 percent are 

youngsters in the age group of 18 to 40. Both driver 

and passenger have a higher chance of surviving in 

an accident if they were wearing a motorcycle 

helmet. When wearing a protective motorcycle 

helmet it helps reduce the risk of death by 40 percent 

and severe injury by 70 percent (Silberberg, 2015). 

Henceforth, the main issue is an accident and late 

medical help. If the rider met an accident with him 

he cannot receive medical help instantly, and it is the 

main cause of deaths. Around every second, people 

die due to late medical help and accident location 

cannot easily identify.  

With the used of the current technologies 

available such as digital sensor, data storage, assisted 

transportation, wireless transceiver, SMS technology, 

Internet of Things (IoT), pressure sensor, and 

capacitive touchscreen the developers came up with 

the idea of using a more effective and safer way to 

lessen up increasing number of motorcycle road 

accidents. 

The project was developed to create a 

system for the safety of the rider by triggering an 

alarm if the rider was not wearing a helmet. The 

system would provide safety by recording 

encountered danger and road hazards. Besides, it was 

developed to prevent late arrival of the medical help 

in case of emergencies because the system was 

programmed to automatically send a message to the 

emergency contact of the rider when an accident 

occurred. 

 

PROJECT DESCRIPTION 

The Helmet for Road Hazard Warning and 

Wireless Motorcycle Authentication is an interactive 

protective helmet that was designed to lessen road 

accidents, which encourage the users to wear a 

helmet before driving. This project consists of two 

devices: the helmet and the navigation device. If the 

user is not wearing a helmet after the engine starts, 

the navigation device will make an alarm that serves 

as a warning. With the use of the Copper Switch, the 

user needs to wear the helmet to make the alarm OFF 

and it will turn ON automatically once the helmet 

was removed. For the helmet presence 

authentications, the user needed to pair the helmet to 

navigation device within the range of maximum 10 

meters while wearing it. Whenever the motorcycle 

starts, it will make an alarm if the user is not wearing 

a helmet. Although this is a simple authentication 

that gives protection from theft. 

The digital sensor that was embedded on 

the helmet helps to detect if the rider is wearing a 

helmet. Data storing is a function for recording the 

encountered road hazards and stores the collected 

data in the microcontroller. The stored data of the 

road hazards serves as guide in assisting the rider 

during travel. When the pressure sensor detected an 

impact, it would determine if it was an accident or 

not. If it was, an SMS would be sent to the 

emergency contact of the rider together with the 

address and contact number of the nearest hospital of 

the incident. The device was operated by a capacitive 

touchscreen and would be best used with the 

presences of the internet. 

The Navigation Device was mounted on the 

motorcycle, for the detection of the helmet, 

authentication process, road hazard warning, and the 

accident detection. The navigation device equipped 

with a Raspberry Pi 3 B+ and Raspberry Pi LCD 

touch screen as the main user interface. The device is 

connected to the 12.0V and 3.0Amperes battery of 

the motorcycle and work in synchronization 

wirelessly with the helmet device using the 

Bluetooth module. The device needed to connect in a 

secure and reliable internet hotspot connection.  

The developed project imbedded a 

Raspberry Pi 3 B+ and SD card wherein the data 

composed of road hazards from prior travel is 

verified. The recorded audio files can be seen in the 

recordings storage where the user has an option to 

delete it anytime. The navigation device has a GPS 

module that detects if the rider is traveling near to 

that place. A recorded audio will automatically play 

once the user is 50 meters near from the road hazard 

for early notifications. 
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The device makes a quick response on the 

accident happened with the use of Piezo Vibration 

Sensor, if the impact exceeds on the threshold value 

it will activate the GSM module to send an SMS to 

the registered contacts of the user. Using of the GPS 

module, the SMS contains the exact location of the 

rider, the nearest hospital, the date and time. These 

features will ensure that help and rescue will 

instantly arrive as fast as possible. Since it is 

equipped on the Raspberry Pi, which does not 

support prepaid balance, there is no notification if 

there is no load on the GSM module. 

The helmet equipped with a 5V Li-Po 

battery as the power source of the device. It is 

connected to a switch sensor that is attached inside 

the helmet and activates the device. 

This was automatically operated; it turns 

ON automatically once the switch detects the 

presence of the head of the user, and automatically 

turns OFF if the user removes the helmet. 

The Dash Cam is an onboard camera that 

continuously records the view through a rider's front 

and rear windscreen. It can be used as future 

evidence that happens on the road while the rider 

was driving. 

The device’s focus is to encourage the rider 

to always wear the helmet before going for a ride to 

minimize the possible damage during accident. 

If the device is not connected to the internet 

it will only sends the latitude and longitude of the 

location. 

This project aims to develop a motorcycle 

helmet device for road hazard warning and wireless 

motorcycle authentication specifically: 

1. To develop a wireless communication 

between the helmet and the navigation 

device for transmitting and receiving data 

using Bluetooth Module. 

2. To determine if the rider is wearing the 

helmet and automatically makes an alarm 

once it was removed using the Copper 

Switch Sensor. 

3. To record voice, decode using Arduino 

Nano, sends the data to the microcontroller 

using Bluetooth Module, and automatically 

plays the audio based on the saved location 

using the GPS Module. 

4. To detect an accident using Piezo Vibration 

Sensor, and sends SMS to the emergency 

contact which includes date, time, exact 

location, and the nearest hospital using 

GSM and GPS Module. 
 

 

II. METHODOLOGY 

EXISTING TECHNOLOGY, METHODS, AND 

STUDIES 

Wireless Transceiver 

This was used for sending and receiving 

data between two devices. Most commonly used for 

mobile sharing applications like Share It, Bluetooth, 

etc. It helps to create a wireless communication 

between two microcontrollers, Arduino and 

Raspberry Pi to work as synchronize. It records voice 

through the microphone on the helmet, transmits and 

save the audio files to the navigation device, and 

sends it back again to the helmet that works as road 

hazard warning to the user. 

Capacitive Touch Screen 

A technology which operated by a human 

finger or any metallic foil by touching its surface to 

work properly. With this current technology, it helps 

the developers to know which was easy to use 

between the touch screen and keypad devices. It 

serves as the main component where all the input 

was processed and sends it to the main controller to 

operate the functions. 

Data Storage  

Where processed information was stored, 

accessible, and can delete data anytime. With this 

current technology, it helps to identify what are 

needed to consider in acquiring the storage device of 

the data. This helps the developers in choosing the 

right amount of storage for the audio file that will be 

recorded and decoded using the Arduino Nano. 

Internet of Things (IoT)   

System of interrelated devices 

communicates with each other using the network. It 

is an important role in the project because it serves as 

the basis on how the communication will work 

between the navigation device, the GPS Module, and 

the mobile of the emergency contact. With the use of 

the network, the GPS module can find the nearest 

hospital through the Google API and sends it to the 

emergency contact. 

Analog Pressure Sensor 

A technology measures the amount of 

pressure by the force applied in the device and 

produce an analog signal, which is readable. With 

this current technology, it helps to easily determine 

the output value measured by the sensor. This 

technology serves as the tool in detecting the 

accident based on the impact sensed by the Piezo 

Vibration Sensor. If the amount of pressure exceeds 

the threshold value, it was considered as the accident. 

 

 

Digital Sensor 

It is a technology that produces a binary 

number that serves as 1 as True and 0 as False. This 

current technology helps in determining the presence 

of the object by giving a result of 1 as the present, 

and 0 as the absent. The role of the digital sensor in 

the project is to know if the user is wearing a helmet. 

If the output value read was 0, it means that the user 
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is not wearing a helmet that will trigger the 

Raspberry Pi 3 B+ to make an alarm.  

Short Message Service (SMS) technology  

It is a technology used by the human for 

wireless sending of SMS from one device to another. 

With this current technology, it helps the project to 

easily communicate with one device to another, and 

attain the desired objectives. The developers use this 

technology for sending the SMS to the emergency 

contact to inform that the user got an accident for the 

faster medical help. 

 

RELATED STUDIES 

The study used the GSM Module to send an 

SMS to the relative of the user if the helmet sensed 

an impact that exceeds the threshold value. By the 

use of the GPS Module, the emergency contact of the 

person would be notified on where the accident 

occurrs so they can quickly react and call an 

emergency help (Ecstatic, 2018). 

The research stated above was related to the 

project because of its function in making response on 

the accident, and sending an SMS on two-wheeler 

transportation using GSM and GPS Module. Learned 

how to create codes and apply it to the project using 

these two modules. With the help of the study, the 

developers got an idea on how these components will 

work properly. 

The helmet and bike both have modules that 

works in synchronization to make sure that the biker 

is wearing the helmet. In addition, a radio frequency 

module is responsible for wireless communication 

between the helmet and bike modules. They used the 

Piezoelectric Buzzer in detecting the speed of the 

motorcycle to inform the user for over speeding. 

They also used Alco-lock function to prevent the 

drink and drive scenarios. The Accelerometer was 

used in detecting the accident connected to a GSM 

module, which is designed to automatically send an 

SMS to the emergency contact saved in the device. If 

the user is not wearing the helmet, the bike would 

not start to ensure the safety of the users (Vashisth, 

2017). 

The study was related to the project as both 

studies used two modules to completely synchronize 

the motorcycle and the helmet of the users. Based on 

the study, it helps the developers on how to 

synchronize the two modules using a radio frequency. 

Besides, it also learned the used of the helmet as 

object password to ensure the safety of the user. The 

helmet will serve as the key to stop the alarm for the 

user to start the motorcycle. 

Wireless sensors and implanted medical 

electronic system were used in the study. With the 

used of Piezoelectric Vibration sensor, they were 

able to make an array of vibration energy harvesting. 

The study developed a complete design of the flow 

of vibration energy from sensors using the finite 

element method (Yu, 2014). 

The use of Piezoelectric Sensor in the 

project stated above in creating the micro electric 

mechanical generator to produce power gives an idea 

to the developers to use the vibration sensor and 

other Piezo Electric Sensor. Produced readable 

voltages that can be used in detecting accidents are 

the one considered. The developers learned how to 

use the vibration motors and sensors in setting the 

range value of impact for device to work properly. 

Vibrations were created when an accident 

occurs and these vibrations are immediately detected 

by Piezoelectric Sensors. Piezoelectric sensors 

produced volts relatively to the speed of the vehicle 

when the accident occurred. In this article, they used 

four sensors that are attached to the sides of the four-

wheeled cars. If the accident occurs and the impact 

exceeds the threshold value, it will send the data to 

the Arduino that will activate to the door to unlock 

(Savalam, 2018). 

This study was related because of its 

function in detecting accidents using piezoelectric 

sensors which is the same as the project. Both studies 

used a sensor for the detection of accidents and 

aimed to provide an alternative help when accidents 

occur. In addition, it helps the developers to 

determine the threshold value needed, to identify the 

accident happened. 

Piezoelectric Sensors provides precise 

analog value for vibration and good for detecting 

accidents. Piezoelectric sensor was used as vibration 

sensors, and detect an accident whenever it happens 

if exceeds the threshold value. With the process of 

the main feasibility, the Piezoelectric Sensors are 

perfect components since they are high in quality and 

cost-efficient. Their project aimed to provide a quick 

response when accident occurs. Their device is 

versatile and can be used in different types of vehicle. 

Since different vehicles have different designs, they 

also have different threshold values in knowing when 

an accident occurred. Their project has a switch 

where the user can turn OFF the GSM Module to 

prevent sending SMS when accident happens 

(Ganiga, 2017). 

The study stated above was related because 

of the function used was the same in the developer’s 

project. It both aims to detect accidents. It helps the 

developers in accurate placing of the Piezoelectric 

Sensor in the frame of the motorcycle for vibration 

and impact in case of accidents. It also helped to 

identify the exact value needed to consider it was an 

accident. 

With the used of wireless transmitting of 

data between the helmet and motorcycle, it creates a 

relationship between the two devices where the 

riders cannot start the vehicle unless they are 

wearing the helmet. The aim of their project was the 
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mandatory wearing of the helmet to minimize the 

damage to riders in case of accident. With this 

project been implemented, every rider in their 

country would be in safer condition (Goswami, 

2015). 

The study was related because of the 

wireless authentication between the helmet and the 

motorcycle, which is the same as the project. It both 

aims the safety because the study was about the 

mandatory wearing of the helmet. This study helped 

the developers to learn the various aspects and 

considerations when coding the wireless transceiver 

authentication. Using helmet as the second key to 

ensure that the user was wearing a helmet. Both 

studies aimed to prevent lethal injury or worst death 

of the riders of non-wearing a helmet.  

 The tracking GPS Module is real time and 

updated every second as long it has a signal. It able 

to pinpoint the location of the vehicle wherever the 

rider was. Collecting information about the location 

of the vehicle and sending SMS to the registered 

number was done using GSM Module (Kapse, 2015). 

 The study was related to the project as it 

focused on the function of sending an SMS and on 

the monitoring the rider’s location which was the 

same process that the project. GPS Module for 

pinpointing the location of the motorcycle and GSM 

Module in collecting data to be sent on the registered 

number for emergency purposes. This study helps 

the developers in creating codes and applying the 

GPS and GSM Module in the project.  

The mining industry is pivotal to the world's 

economy and it is not safe industries to work in. 

They use Wireless Sensor Network (WSN) for 

monitoring all the well-being of miners who are at 

work. They use the Distance Vector Routing on 

finding the best path and shortest hop whenever the 

force sensor on the helmet felt high load. It will send 

the data received by the sensor to the Room Manager 

that will send the medical team to the place. They 

also send the data to the miners in neighboring rooms 

to inform them so they can help voluntarily 

(Revindran, 2018). 

The study was related to the project because 

of its function in finding the shortest path to inform 

about the damage done. The study helps the 

developers to create and use the network in finding 

the nearest hospital using GPS Module and sends an 

SMS to the emergency contact when accident 

happens.  

The realization of a wireless audio 

communication system that makes available to the 

driver and the passenger of a motorcycle a wide 

range of audio services such as listening to the radio, 

placing phone calls, and navigational places from 

GPS navigator. By using the ACU Bluetooth 

compliant, they can wirelessly connect through the 

headset of the driver and passenger. The ACU acts as 

the server connected to both the driver and passenger, 

which serves as the client (Audino, 2018). 

The study was related to this project on its 

technical processes in wireless connection through 

the main device and other components. It helps the 

developers to have a clear understanding of creating 

a wireless connection and delivering data between 

the two devices. It gives the developers an idea to 

create wireless connection of the project with the 

help of this study.   

The development of a location-based 

service for medical purpose, which considers two 

major variables: travel distance and time. This 

system used the Haversine algorithm to find medical 

services around us within a certain radius. Then 

Google Map API was used to calculate travel 

distance and time. TOPSIS algorithm is used to 

determine the best option for the results. An internet-

based device, which gives the best significance to 

patients when a sudden accident occurs. (Harja, 

2018) 

The study was related to this because of its 

process in finding the nearest hospital for the victims, 

comparing the results, and choosing the best option 

for the results. It helps the developers to prove that it 

is possible to find nearest places like hospital based 

on the GPS Module.  

 

III. CIRCUIT DIAGRAM 

Fig. 1. The Circuit Diagram of the Helmet 

Fig. 1 shows the circuit diagram of the helmet. As 

shown in the figure, the device was composed of 

Bluetooth Module, Speaker, Arduino Nano, 

Bluetooth Headset, and Li-Po Battery, and Charger. 

For the power supply, this was composed of 7V 110 

mAH as the input for the device to function properly. 

The speaker was connected to the Bluetooth Headset 

for wireless sending of audio data to the navigation 

device. The Bluetooth module was connected to 



International Journal of Advanced Science and Convergence 2019 Mar ; 1(1):33-40 

38 

Arduino Nano, Bluetooth headset, and power supply 

for the real-time wireless transfer of data.  

Fig. 2. The Circuit Diagram of the Navigation 

Device 

 Fig. 2 shows the circuit diagram for the 

Navigation device. As shown in the figure above, the 

device was composed of Raspberry Pi 3 B+, Arduino 

Uno, Alarm, GSM Module, GPS Module, Piezo 

Vibration Sensor, and a Bluetooth Module. The 

Piezo Vibration Sensor was connected to the 

Arduino, GSM module, and GPS module for finding 

the nearest hospital and sending SMS. The Arduino 

Uno was directly connected to the Raspberry Pi 3 B+ 

to sense if the user is wearing the helmet or not to 

make an alarm. 

Fig. 3. Flow Chart of Process of Helmet Device 

Fig. 3 shows the system flow of the Helmet 

Device starts with turning ON the devices, then the 

Bluetooth Pairing, and the microphone which was 

always ready to use for the user to record, the Copper 

Switch for detecting the head of the user, and the 

alarm for the non-wearing of the helmet during the 

process. 

Fig. 4. Flow Chart of Process of Navigation Device 

Fig. 4 shows the system flow of the navigation 

device where the Piezo Vibration Sensor was always 

active, if the impact exceeds on the threshold value it 

activates the GSM Module to send an SMS to the 

emergency contact. GPS Module for the real time 

location of the user. Road hazard decision if the user 

encounters a hazard will bring to the pushed button 

decision for the voice recording. If the user meets the 

same spot it will automatically play the saved 

recorded audio based on the GPS location. 

 

IV. RESULTS AND DISCUSSION 

The developers conducted experiments and 

test results performed in order to find the accurate 

target of the system.  

 

Table 1. Testing and Results of SMS and Accident 

Detection 
Network 1st Trial 2nd Trial 3rd Trial 4th Trial 5th Trial 

Smart Failed Failed Successful Successful Successful 

Globe Successful Successful Successful Successful Successful 

The Table 1 shows the results in using Smart 

network phone numbers as the recipient of Accident 

Detection and Sending SMS that gives two failed 

trials. As the trial of detecting impact and sending 

SMS, the developers set the threshold value to 10mV 

to know if it sends an SMS correctly. The piezo 

vibration sensor was attached to the motorcycle and 

then twisted and it did send an SMS means twisting 

the piezo vibration sensor gives more than 10mV. 

Next trial, the developers twisted it and sends an 
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incomplete SMS. By analyzing, debugging, and 

making trial and error, the last trials of the sending of 

SMS work well with three successful. While using 

the Globe network phone number as the recipient of 

Accident Detection and Sending SMS that gives five 

successful in five trials. As the trial of detecting the 

impact and sending SMS, the same thing as the 

Smart network. The developers have met the 

condition of sending an SMS to the registered 

number when the threshold value of the piezo 

vibration sensor exceeds. Due to different networks 

of the sender and recipient, there is a chance of 

failure in sending the SMS.  

Fig. 5. Results on Sending SMS 

Fig. 5 shows the results of an SMS in two 

different networks. The left figure displays the errors 

on the 1st and 2nd trials, which was GSM Module 

into Smart network, while the right figure shows the 

successful results in sending an SMS from GSM 

Module into Globe network.   

Table 2. Testing and Results of Voice Recording 

and Automatic Playing 
Function 1st Trial 2nd 

Trial 

3rd 

Trial 

4th Trial 5th Trial 

Automatic 

Playing of 

Recorded 

Voice 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

The table 2 show the Recording and automatically 

Playing of Audio on the road hazards that gives five 

successful results when approaching on the recorded 

place. The developers used the point-to-point 

coordinate system to calculate the distance between 

the recorded place and the user. In line with this, the 

developers tried if this will automatically plays the 

recorded voice on the recorded spot. The coordinates 

system that developers used was a point-to-point 

distance, the user expected to hear the recorded voice 

even if passes on the recorded place and up to 50 

meters away. On testing, with the help of the 

professor Mr. Mark John Fel T. Rayos and 

motorcycle, we have all successful results. 

 

Table 3. Testing and Results of Copper Switch on 

Helmet for Preventing the Alarm 

Function 1st Trial 2nd Trial 3rd Trial 4th Trial 5th Trial 

Detect 

Helmet 

and 

Turning 

Off the 

Alarm 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

Table 3 shows the Helmet Detection on 

preventing alarm with five successful results when 

the helmet was worn. All trials were successful but 

there was certain bit delay on the alarm if it is worn 

and removed repeatedly because it causes data traffic 

on the Bluetooth Module. The developers met one of 

their objectives wherein the helmet can detect the 

presence of the user’s head using Copper Switch. It 

made an alarm while the user is not wearing the 

helmet. 

Table 4. Testing and Results of the Bluetooth 

Connection between the Two Devices 
Function 1st Trial 2nd Trial 3rd Trial 4th Trial 5th Trial 

 

Bluetooth 

Connection 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

 

Successful 

Table 4 shows the Bluetooth Connection between 

the two devices giving the five successful trial. The 

two devices always connected at each other and able 

to transfer and receive data. The developers had a 

successful connection between the two devices with 

the used of Bluetooth modules. As long as devices 

were turned on, the connection between them is 

always active. 

 

V. CONCLUSION 

The Helmet for Road Hazard Warning and 

Wireless Motorcycle Authentication leads with the 

conclusions based on the system development and 

several tests conducted:  

1. The developers established a wireless 

communication between the helmet and the 

navigation device then transmitted and 

received data using the Bluetooth Module. 

2. The device determined if the rider is 

wearing the helmet and automatically made 

an alarm once it was removed using the 

Copper Switch Sensor. 

3. The developers were able to record voices, 

decoded using the Arduino Nano, sent data 

to the microcontroller using the Bluetooth 

Module, and automatically played the 

recorded audio based on the saved location 

using the GPS Module. 

4. The device detected an accident using the 

Piezo Vibration Sensor, and sent an SMS to 

the emergency contact that contains date, 

time, exact location, and the nearest hospital 

using GSM and GPS Module. 
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