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Abstract: The absence of the tyres monitoring system on
vehicle has caused difficulty for driver to check the pressure and
temperature of the tyres in real time. Besides that, due to the
large geographical area of rural area where the distribution of
petrol station with air pump might not be equally distributed,
certain area is hard to access air pump. The abnormal pressure
and increases in temperature on tyre lead to longer braking
distance, tyre blowouts and related issues. The paper describes
the deployment of 10T sensors for monitoring application in tyres
and data is accessible on mobile app. This monitoring system
consists of two sensors to measure the temperature and pressure
of the tyre using ESP32 microcontroller board and uploaded into
the cloud platform using Wi-Fi technology. While Blynk the
mobile app is designed to collect the informative data from the
cloud platform and the data is represented in graphical
representation using open source Cloud platform. It is made
available for real-time monitoring data. Apart from that, this
system also incorporates alert system to provide a scalable
monitoring system as well as alerting the user for any abnormal
reading of the tyre.
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. INTRODUCTION

Internet of Things (10T) is playing a crucia part in the
forth industry revolution (IR 4.0) that we are a witness today
by offering the ability to connect different sensors, devices
and services and supplying real-time data on demand [1].
These real-time data acquired form 10T sensors can be sent to
cloud computing for further anaytics and processing
bridging the gap between the real world and virtua cloud
computing [2]. Thus, total transparency occurs minimizing
required human intervention which in turns enhance
efficiency and accuracy. loT are used in diversity of
applications nowadays, including but not limited to: health-
care, waste management systems, agriculture, transportation,
oil and gas, etc... [3]. Tyre monitoring system is one of the
loT applications which includes sensors, microprocessor
controller and cloud platform.
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Sensors are usualy small devices that have the capability
of sensing and wireless sensing whereas actuators are devices
equipped with processing abilities [4] which enable them to
convert electric signals to physical events accordingly to the
surrounding environment. It is known as wireless network
deployed in numerous locations that capable to connect big
number of low power and low cost and multifunctional
actuator nodes and sensors [5-7].

Tyre monitoring systems are used to monitor the status of
the tyre. The system can be classified into two categories
which are tyre monitoring and upload data into the cloud.
The increasng number of vehicles on road has caused
number of accidents caused by vehicle parts increased as
well. It is very dangerous to drive with low tyre pressure. In
2007, in United States it became mandatory that every car
made after 2007 has a tyre pressure monitoring system built
in. But most of the current system will only show an
illuminating light on the dashboard, which the driver needs to
figure out which tyreislow in pressure.

According to Ruiz[ 3], the number of accidents caused by
burst tyres is on the increase. Abu Dhabi Police have log
7,603 offences against motorists for using defective tyres in
January and February 2013. Poor-quality tyres have caused
53 accidents in 2012, killing 13 and seriously injuring 28.
Apart from that, it is hard for driver to identify the current
condition of the tyre and the pressure which is suitable for
the tyres. Most over inflated or under inflated their car tyres
which caused the tyres to overheat when driving long
distance which eventually lead to flat tyre or tyre burst and
driver will be losing control of the vehicle and lead to road
accident to happens.

Based on the survey conducted in April 2018 among
Universiti Teknologi PETRONAS (UTP) students, 8 out of
20 respondents agreed that they do not check their tyre
pressure regularly, and 12 out of 20 respondents do not
aware of the impact of underinflated and overinflated tyre.
These results are very concerning as most of the respondents
are highly educated Maaysian youngsters aged between 19
and 25 years, though they are neglecting the importance of
tyres in safety driving, and this shows that many accidents
caused by vehicle’s tyres can be avoided. Besides that,
according to The Stars [8], Road accidents cost Malaysia
RM9.2bil in 2016. Road accidents not only costing loss of
lives but money as well.
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[I. LITERATURE REVIEW

2.1 Internet of Things

Internet of Things (1oT) was first introduced in 1999 by
Kevin Ashton [4]. ThisloT concepts has been widely applied
in many areas including business, transportation, cities,
healthcare, and others. There are many applications that are
currently implementing [oT. Basically, the word “Things” in
0T can be referring as sensors, devices or anything that can
connected the internet and able to transmit information from
it onto cloud server which the information will eventualy to
be accessible by end user.

loT offers the extenson of Internet which linked all the
everyday objects that connected under the same network by
deploying the object-object interaction through wireless
networks. It connects the physical devices that contain
unique identity embedded with actuators, microcontroller,
and network connectivity by harnessing the required sensors’
information. The information will then be sent to the Internet
across the existing network service and infrastructure, which
creating a direct integration of the physical world and the
virtual systems of computing [6].

2.2 Rolesof 10T in Today and Future World

According to Peng et al[9], wireless sensor networks has
drawn much attention as the sensor nodes equipped with
various monitoring capabilities have additive advantages
over the traditional communication technologies. With the
emerge of 10T, the dream of when you are out of home and
your computers will notify you to that your medicines or
milk have expires or you need more pepper. This soon to be
a redity due to the amazing possibilities of the Internet of
Things (10T).

From this we can see with the loT sensors, owners will be
able to use an app to access their cars remotely in order to
adjust the temperature, check the mileage or even start the
car, like aremote virtual dashboard.

All this are thanks to the 10T technology, 10T devices
connecting everything parts of the car and producing masses
of data to monitor and improve virtually every aspect of the
day to day. The solutions offered by the IoT alow us to
envisage amore efficient future in many respects.

2.3 Roles of tyreson road accidents

According to Insurance Ingtitute for Highway Safety[10],
in the United States, hundreds of people die in car accidents
in every month. There are several causes of fatal car
accidents that some led to death which include; speeding,
drivers distraction, and equipment failure are the most
obvious causes. As far as safety is concern, several studies
have found out that tyre failure has one of the highest
impacts on road traffic accident statistics.

Tyre has a tremendous effect on the rate of road traffic
accidents. The causes and effects of tyre blowout on road
traffic accidents and found out that 89 percent of the drivers
surveyed in Metropolis were not familiar with the tyres they
are using[11]. That can be many caused that could lead to
tyre blowout. These are the main problems that could lead to
tyrefailure.

The statistics shown in Figure 1 below were taken from the
Mechanical  Engineering  Department of  Takoradi
Polytechnic[11].From the statistics we can see that the
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pressure and temperature of atyre plays an important role of
tyre blowout or burst.
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Fig.1 Themain causesthat lead to tyrefailure[11]

Apart from that, worn tyre is the main caused for tyre
blowout follows by under inflation or low pressure of the
tyre. According to Wetherington[12], vehicle tyres are often
given a 4 to 6-year validity period from their Date of
Manufacture (DOM) or Date of Production (DOP).

2.4 Accidents Caused by Vehicle Tyres

Since the year 1996 to the year 2002, around 60,397
vehicles were crashed with a totaly or partialy damaged
property and/or injury as being recorded in French motorway
with 2000 km. Out of which, 6.7% of the recorded accidents
involved tire explosions and blow-outs. Out of the 87% of
the accidents, only one vehicle was involved in the accident.
Tire blow-outs occurred in 6.5% of cars which represents
more than 80% of the vehiclesinvolved in crasheq 11].

For small vehicle like car, front tires blowout more
frequent while for trucks rear tires occur four times more
frequently than for blow-outs of front tires. This because for
small cars front tire need to support much heavier load as the
car engine are located at the front of the car while for trucks,
the rear tires need to bear more heavy lift as the cargo is
located above the rear tires. Apart from that, the driver
driving style, rate of braking as we are applying the brakes,
weight was transfer occurs from rear to front, thus more
forces are transferred to the front tires.

2.5 Efforts Make to Reduce Road Accidents Caused by
Tyre

Tyres were made to grip on the road surface whenever the
vehicle is being steered, accelerated, and especially braked
and or negotiating a corner. Because of this the tyre
condition plays an important role on the car safety. Under
inflated tyre may affect the tyre’s ground interaction which is
of fundamental importance to every vehicle.

According to European Union commission[13], only 9%
of cars on the road have all four tires properly inflated, 83%
of car owners do not have the knowledge to properly check
their vehicle’s tires pressure, 66% of drivers never check the
condition of their spare tire and 50% of vehicle owners could
not tell if a tire is a bald. European Union Commission
combines (different EU legidations and different tyres) it
requires a specific approach to assess the possible impacts of
different policy options on safety.
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For now, this analysis is built around the following
elementq 13]:

a) The identification of accidents under these relevant
conditions. Relevant meteorological conditions (based on the
analysis of the EFSA and DWD databases) and current tires
usage statistics are used to enrich the database and identify
those accidents where different policies options may have an
influence on the statistics.

b) The assessment of the possible effects linked to
different policy options is based on the analysis of
information presented in the GIDAS database. As a result of
the comparison of grip-related accidents between two vehicle
categories (those with and those without the appropriate tire
use conditions), it is possible to identify risk reduction rates
for changed tire use behavior. Thisis then extrapolated to the
overdl fatality statistics [13].

2.6 Comparison between Mabile Application and
Website

Research on the platform to display collected data and
information to the user was carried out and both webpage
and mobile app has been carefully evaluated to identify the
suitable platform to display collected information.

Due to the fact that there are significantly more mobile
devices than the number of computers connected to the
Internet, mobile applications represent a high potential for
services in today information society. Research shows that in
today world there are more mobile user compares to PC user
as smartphone is more portable. Figure 3 shows the data
released by StatCounter [14], in which 51.3% of all web
visits on October 2016 were came from mobile devices while
compared to 48.7% of visits from traditional computing
platforms such as laptop and PC.
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Fig.2 Chart shown mobile device inter net usage exceeds
traditional desktop and laptop for thefirst timeon
wor ldwide[14]

According to research of Rebekah [15], she discovered that
her project team members prefer to use mobile application
more than traditional websites on mobile device. They
pointed out that applications are more aesthetically and
responsive than mobile websites, since “apps provide
one-click access, unlike a mobile website that take several
clicks and scrolling and text entry, to access every time”.

Mobile application trump website in several ways [16].
First of all, mobile app can push live notifications whereas
website cannot. Some mobile application even alow user to
have offline access where it is impossible for website cannot
as website need to access internet. The performance of
mobile application can be better the website due to its easy
engagement with the user. Apart from that, with a mobile
application, user can just search for the mobile application
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icon and access it from there. Furthermore, a mobile website
normally has cluttered design whereby user cannot read some
of the text and view the pictures fully from the websites [16].
Figure 4 shows the percentage of time spent by users on
mobile apps vs mobile web.

Total time spent on Mobile App vs. Mobile Web

AWeb Usage

image based on www.emarketer.com survey

App Usage 86%

Fig.3 Total time spent on Mobile App vs MobileWeb[16]

2.7 Comparative Study between Microcontroller Board

There are many different types of microcontroller unit with
different price range available in the market today. In order
to choose the most suitable microcontroller board to be used
in this project, comparison between CT Uno, ESP32,
Raspberry Pi 3 Model B and Inte Edison has been
conducted. The specifications of the above microcontroller
board are available in [17-20] and these are the
summarization has been donein Table 1 as shown below.

Table. 1 Comparison of Microcontroller Unit [18-20]
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The development of smart tyres system is divided into

four parts:

1. Study the board and sensors voltage and signaling.

2. Linking the ESP32 board, temperature sensor and
pressure sensor on the breadboard with certain resistor. For
example, 4.7k Ohm resistor isinstalled.

3. Programmed and setting up using Arduino IDE.

4. Access and vaidate data received from the sensor
through mobile apps called Blynk.

Linking the ESP32 board, temperature sensor and
pressure sensor on the breadboard. Try to link the ESP32
Board with the 10T sensor like temperature and pressure
sensors using breadboard. Some soldering isinvolved in the
process. Research were done for the current and data
transmission.
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A resistor is needed to install for the temperature sensors.
A proper programming code needed to be coded into the
board in order for the board to receive and analyses the raw
data received from the sensors. After that, Access and
validate data received from the sensor through mobile apps
called Blynk.

In this section, the subsystems will undergo various testing
to determine its functionalities and capabilities. To validate
the subsystems are working perfectly, each subsystem will be
tested separately. To ensure the data transmitted from the
sensor to mobile apps is accurate, double measure of the
temperature and pressure is needed. In both static and
dynamic condition, which mean the when the tyreis spinning
or stationary.

The app will have following requirements:

1. Read time synchronize of the dataz Temperature and
pressure reading.

2. Alert beeping for underinflated or overinflated pressure
of the tyre.

3. Alert beeping for abnormal temperature of the tyre.

4. Thedataistransferred wirelessy through Wi-Fi.

3.1 System Architecture

The proposed I0T architecture of the system contains 3
main subsystems. The environment is made intelligent
enough by incorporating the sensor boards, microcontroller,
as well as communication modules which will capture and
disseminate the sensors’ information to the cloud platform.

ToT sensors were installed on to
the tyre

The data will be processed and send
to the mobile app and display to the
user.

The real time information has been
received and display on the app

The data from sensors will be send
to ESP32 Board

Figure 4: Overall System Architecture
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Fig.5 Connection between ESP32 Board & BM P280
Sensor (left), and Connection between ESP32 Board &
BMP280 Sensor (right)

IV. RESULTSAND DISCUSSION

4.1 Temperature and Pressure Index Sensing

The results of the BMP280 temperature as well as pressure
sensors are measured using Celsius (°C) and pascal (pa)
respectively.

The accuracy measurements of the BMP280 sensor are
tested and compared with temperature measurement readings
from an actua thermometer. Table 2reveds the obtained
results from the 10T sensor againg the results from the
thermometer during different time intervals as well as
different locations. The percentage are calculated based on
equation 1.

Percentage Dif ference (%) =
Actual Value (°C)—Measured Value (°C)

Actual Value (°C)

X 100% .............. (1)

Table.2 Temperature M easurements Comparison

Thermometer BMP280
Location Actual Vaue Measured | Difference
°0) Vaue (%)
)
Inside the
Lab 25.00 25.30 1.20
Openedplace
(Normal 29.50 28.70 2.71
temperature)
Under sunny | o 5, 3520 | 203
place
Café of V5 29.00 29.70 241
Room 27.50 28.20 255
Temperature
Outside of
IRC 27.00 27.30 111

The relative pressure measured values of the BMP280
sensor are validated by comparing them using an
application. Nevertheless, the measured values seem to be a
little different as the application measures the relative
pressure values based on the whole location. The variation is
around 5% in which the differences are still within the
acceptable range.
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Transmission of Data to the Cloud

The temperature and pressure sensor data of the BMP280
are sent to over the internet to the cloud using open source
cloud platform (Blynk) for storage and real-time monitoring
of tyre status using their smartphones.

Fig.6Blynk Dashboard, Blynk Alert Notification and
Average Temperature Reading

The dashboard created in Blynk consists of all the sensor
data from the sensor. The dashboards of Blynkare is shown
in Figure 6.

4.3 Data Collection Analysis

The loT sensors are placed in several locations around the
campus of Universiti Teknologi PETRONAS (UTP) to
validate their measurements. The selected locations are
known to be the hotspot places around the campus such as
the football field, café area, Residential Village 5. The
collection of the data was carried out for two weeks. The
data analysis was done graphicaly to benchmark the
temperature recorded by the sensor nodes and the sensor
placed on a moving car tyre rim. The results showed that
temperature reading from the sensor is dightly higher than
thermometer by less than 3%.

4.4 Final Prototype

Figure 7 illustrates the final prototype of the overall Smart
Tyre Monitoring System.
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Fig.7 Final Prototype

V. CONCLUSION

In conclusion, the proposed loT-based tyre monitoring
system brings many advantages to the societies. The system
has multi-sensing capability that can monitor the tyre
surroundings together with mobile appsto display to the user
and provide alerts notification when the tyre condition
exceeds the optimum range to prevent accidents from
happening due to tyre temperature and pressure related
issues. With such monitoring application, tyre blowout rate
of vehicle can be reduced tremendously, and enable the
driver and passenger to check the tyre pressure and
temperature and obtain the real-time data that is accessible
via the mobile application. Results obtained based on the
field deployment has shown that the temperature reading
from the sensor is dightly higher than thermometer by less
than 3%. Finally, the implementation of this tyre monitoring
system embedded with wireless communication can save
lives and government spending.
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