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Abstract—This project is to produce a system for the school 
bus on the vehicle using microcontroller like Arduino and 
Internet of Things (IOT). The aim of the project is to make the 
system easier to monitor the students entering and exiting from 
and to the schools. Recently millions of children’s are missing. 
Some parents are busy with their job and have no time for 
taking care of child. The proposed system recommends a SMS 
based application which consists parents to track their children 
location in real time. The details of their personal profile kept in 
a save database which their parent’s numbers are converted into 
QR code and attached at their children’s bags. When the 
children enter the bus, the QR code is scanned by the mobile 
application and the timing, the details will be sent to the parents 
as notification. Once the children seated, the Force Resistive 
Sensor detect the weight of the children and calculated the total 
of children seated by using LCD 16x2 which showed the total up 
of the students to the bus driver. For the safety of the children 
at the school while waiting for the bus, the Ultrasonic Sensor is 
placed at the back of the bus to detect if there any students roam 
around the bus. Furthermore, to control the car, it connected 
from mobile phones to the Bluetooth module and transmitted 
through Arduino. Thus, this project will ensure the safety of the 
students and able to help the parents monitor their children 
from afar. 
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I. INTRODUCTION  

A. Project Background 

Many students need to go to school on an everyday 
basis[1]. Parents are concerned about their child’s safety[1]. 
Internet of things (IOT) is an environment in which all the 
devices communicate with each other and has endowment to 
broadcast the information to the devices without 
intercommunication between human to human or human to 
computer. QR code is a way of encoding more information 
than a traditional barcode[2]. The bar code can be replaced 
by QR code so that one can easily insert or make a link to 
more information[2]. A QR code contains of black squares 
arranged in a square grid on a white background, which can 
be read by an imaging device such as camera and processed 
using Reed-Soloman error correction until the image can be 
appropriately interpreted[2]. For the usage of Force Sensing 
Resistors (FSR) are a polymer thick film (PTF) device which 
exhibits a decrease in resistance with an increase in the force 
applied to the active surfaces[3]. Its force sensitivity is 
optimized for use in human touch control of electronics 
devices[3]. FSR are not a load cell or strain gauge, though 
they have similar properties. FSR are not suitable for 
precision measurements[3]. The sensor requires frequent 

calibrations to provide reliable measurement, a constant 
transfer function does therefore not exists[4].  
 The Ultrasonic sensor use sound to determine the 
distance between the sensor and the closest object in its path. 
Ultrasonic sensors are essentially sound sensors but they 
operate at a frequency above human hearing[5]. 
 

 
Figure 1: The process of Ultrasonic Sensors work 

 
      The sensor sends out a sound wave at a specific 
frequency. Then, its listens that specific sound wave to 
bounce off of an object and come back, refer to figure 1[5]. 
The sensors keeps the track how fast something is going and 
how long the distance traveled with equation[5]. 
 

d = v x t 
 

The speed of sound can be calculated based on a variety of 
atmospheric conditions, including temperature, humidity and 
pressure. 
 

 
Figure 2: The ability of sensor works 

  

 The ability of a sensor to detect an object also depends on 
the objects orientation to the sensors[5]. If an object does not 
present a flat surface to the sensor then it is possible the sound 
wave will bounce off the object in a way it does not return to 
the sensors. 

 

 

 



B. Problem Statement 

Millions of children need to go to school on everyday 
basis. Parents are obtaining a safe transport for their children 
is a crucial issue. Children safety is importance to their 
parents even if they have to ride their bicycles, take buses and 
arrive in vehicles with one purpose getting to and from school 
safety. 

There have been previous incidents where a child is 
forgotten in the bus and eventually die because of suffocation 
due to lack of systematically record of students for picking up 
and dropping off from the bus. The school authorities and 
parents have no connections with the school bus or even 
communicate with the attendant for the time being. Hence, 
there arise concerns for the safety of the child. 
 

C. Objectives 

The purpose of this project is to monitor children 
ridership in a safe and non-intrusive way. The system are able 
to provide remote tracking and alert mode to parents using 
mobiles which notify the parents by using SMS notifications 
where to control the entering and exiting of students from the 
bus. Thus, to develop a real time in capable of monitoring the 
arrival and departure. 

 

D. Literature Review 

The total security for school children. Range and obstacle 
detection and accident detected sensors are implanted on the 
front surface of the bus in order to avoid collision with 
another vehicle on the road.  Each student tagged with unique 
code. Two counters used at the entrance and exit location of 
the bus. Wireless communication technology (IEEE 
802.4.15) is used to inform the status of the bus to the school 
principal[6]. They proposed another solution to solve the 
problem by developing a bus safety system that will control 
the entry and exit of students from the buses through an 
energy efficient methodology. His system will control the 
entry and exit of students to and from the bus using RFID 
(Radio Frequency Identification) and GSM technologies to 
ensure the entering and exiting of all students to and from the 
school bus in a safer manner[6]. GSM-GPS technology to 
track the children students. GPS is used for identifying the 
student location. GSM is used to send the information to the 
parent android mobile. Monitoring database is provided at the 
control room of the school.[6]. 

They recommends a SMS based solution which assists 
parents to track their children location in real time. To track 
the location GPS module is used and to identify the identity 
of the child a RFID card is used which is in built in the 
system[2]. Whenever a child boards a bus, the RFID tag 
located in his identity card will be detected by the reader 
preset in the bus and the system will identify the child and 
will send a text message to the parents consisting the current 
location and time[2]. In this way the parents will be able to 
keep record of their kid’s whereabouts. 

The system will be designed to monitor children ridership 
in a safe and non-intrusive way. It will use a combination of 
RFID, GPS (Global Positioning System), and GPRS (General 
Packet Radio Service) technologies. Each student is issued 
one or more unique RFID cards to carry. The card will be 
embedded in the school bag for reader installed in the school 

bus upon entering or leaving the bus, the time, date and 
location is logged and transmitted to a secure database[1]. It 
will requires no action on the part of drivers or students, other 
than to carry the card and will deliver the required 
performance without impeding the normal loading and 
unloading process. The system will enable parents to receive 
instant SMS alerts when bus is within 10 minutes of the 
designated pick up and drop off points reducing the time the 
child spends on the street. The system will also notify parents 
via SMS when the child boards and alights from the bus or 
enters/leaves the school. Parents will take the appropriate 
action because they have precise answers to boarding status 
and times. If a child is still inside the bus for a predefined 
time after the vehicle’s engine is turned off, and doors are 
closed, an SMS message will be sent to the school 
authorities[1]. 

The smart bus tracking system has been proposed what 
when any student enter into bus the alert message will send 
to their parents and also arrival times, buses current locations, 
and bus route on a map can be easily found out with the help 
of IOT. GPS (Global Positioning System) and Google map 
are used for navigation and display services respectively[8]. 
GSM (Global System of Mobile Communication) used for 
sending alert message[8]. 
 

 

II. METHODOLOGY 

A. Software 

The following project continued by using Arduino 
Software where the coding created and also that connected to 
the mobile applications which is Arduino Bluetooth Control. 
These applications created the connections between the 
Bluetooth module which is HC-05 type and Arduino. The 
functions of Arduino allows a programmer to create modular 
pieces of code that perform a defined task and then return to 
the area of code form[9]. 

 

 
Figure 3: Arduino Software 

Arduino code is written in C++ with an addition of special 
methods and functions. C++ is a human-readable 
programming language. When create a ‘sketch’ (the name 
given to Arduino code files), it is processed and compiled to 
machine language. The Arduino Integrated Development 
Environment (IDE) is the main text editing program used for 
Arduino programming. It is where the typing code before 
uploading it to the board. Arduino code is referred to as 
sketches. 



Each Arduino sketch must have a setup function. This 
function defines the initial state of the Arduino upon boot and 
runs only once. Other than that, the loop function is also a must 
for every Arduino sketch and executes once setup() is 
complete. It is the main function and as its name hints, it runs 
in a loop over and over again. The loop describes the main 
logic of circuits. 

 

 

Figure 4: Arduino Bluetooth Controller 

 This application is used for the connections between 
Bluetooth Module and mobile device as it encoded to move 
the car at any directions.  The application presented many 
options that can be used for examples arrows, joystick, 
terminals, numbers and sounds. These options must followed 
the coding that created in the Arduino as it will automatically 
move towards the direction that we pressed. 

 

B. Hardware 

The components that used for the projects are QR code, 
Force Sensing Resistor and Ultrasonic Sensor. All of the 
components were attached on the body of the car structure to 
show each of the function of the components. On the car’s 
structure, the components are connected from Arduino Mega 
to motor driver, LCD 16x2, Force Sensing Resistor, 
Ultrasonic Sensor and Bluetooth Module. The hardware 
specifications are: 

 Bluetooth Module HC-05 

 

Figure 5: Bluetooth Module HC-05 

HC-05 module is an easy to use Bluetooth SPP (Serial Port 
Protocol) module. Designed for transparent wireless serial 
connection setup. The HC-05 Bluetooth Module can be used 
in a Master or Slave configuration, making it a great solution 
for wireless communication. This serial port Bluetooth 
module is fully qualified Bluetooth V2.0+ EDR (Enhanced 
Data Rate) 3Mbps Modulation with complete 2.4Ghz radio 
transceiver and baseband. It uses CSR Bluecore 04- External 
single chip Bluetooth system with CMOS technology and 
with AFH (Adaptive Frequency Hopping Feature). 

 

 Arduino Mega 

 

Figure 6: Arduino Mega 2560 

The Arduino Mega 2560 is designed for projects that 
require more I/O lines, more sketch memory and more RAM 
with 52 digital I/O pins, 16 analog inputs and a larger space 
for a sketch which it is recommended board for 3D printers 
and robotics projects. This gives projects plenty of room and 
opportunities maintaining the simplicity and effectiveness of 
the Arduino platform. It is programmed using the Arduino 
Software (IDE) Integrated Development Environment 
common to all our boards and running both online and offline. 

 

 Ultrasonic Sensor 

Figure 7: Ultrasonic Sensor 

The Ultrasonic Sensor is a device that measures the 
distance to an object using ultrasonic sound waves. It uses a 
transducer to send and receive ultrasonic pulses that relay back 
information about an object’s proximity. High frequency 
sound waves reflect from boundaries to produce distinct echo 
patterns. Ultrasonic sensors work by sending out a sound wave 
at a frequency above the range of human hearing. The 
transducer of the sensor acts as a microphone to receive and 
send the ultrasonic sound. The sensor determines the distance 
to a target by measuring time lapses between the sending and 
receiving of the ultrasonic pulse. 

 



 Force Sensing Resistor (FSR) 

 

 

 

 

 

 

Figure 8: Force Sensing Resistor 

 The basic FSR consists of two membranes separated by a 
thin air gap. The air gap is maintained by a spacer around the 
edges and by the rigidity of the two membranes. One of the 
membranes has two sets of interdigitated fingers that are 
electrically distinct with each set connecting to one trace on a 
tail. The other membrane is coated with FSR ink. When 
pressed, the FSR ink shorts the two traces together with a 
resistance that depends on applied force. 

 

 

Figure 9: Basic Force Sensing Resistor Construction 

The perimeter of the sensor is a space adhesive that serves 
both to separate the two substrates and hold the sensor 
together. This spacer typically has a thickness between 
0.03mm and 0.15mm. This spacer may be screen printed of a 
pressure sensitive adhesive, may be cut from a film pressure 
sensitive adhesive or may be built up using any combination 
of materials that can both separate and adhere to the two 
substrates[13]. Thus, the sensors read in analog phase. 

 

 LCD 16x2 

 

Figure 10: LCD 16x2 

An LCD is an electronic display module which uses liquid 
crystal to produce a visible image. The 16x2 translates a 
display 16 characters per line in 2 such lines. In this LCD each 
character is displayed in a 5x7 pixel matrix. 

 

 

Figure 11: LCD 16x2 connecting pins 

Throughout the pins that have been labeled in figure 9, the 
functions are stated and connected to Arduino Mega. 

Pin Name Functions 

VSS Ground (0V) 

VCC Supply voltage: 5V  (4.7V-5.3V) 

Vo/VEE Contrast adjustment 

RS(Register Select) Selects command register when 
low and data register when high 

RW(Read/Write) Low to write to the register 

High to read from the register 

E(Enable) Sends data to data pins when high 
to low pulse and when extra 
voltage push is required to execute 
the instruction, EN (enable) signal 
is used for this purpose. 

DB0- DB7 8 bit data pins 

LED+ Backlight VCC (5V) 

LED- Backlight Ground (0V) 

 

Table 1: Functions of LCD 16x2 pins 

 

 Motor Driver L298N 

 

Figure 12: Motor Driver L298N type 

The L298N is a dual H-Bridge motor driver which allows 
speed and direction control of two DC motors at the same 
time. The module can drive DC motors that have voltages 
between 5V and 35V with a peak current up to 2A. 

 



 

Figure 13: Schematic of motor driver connections 

The module has two screw terminal blocks for the motor 
A and B and for another screw terminal block for the Ground 
pin, VCC for the motor and a 5V pin which can either be an 
input or output. It depends on the voltage used at the motors 
VCC. The module provide 5V regulator which is either 
enabled or disabled using a jumper. If the motor supply 
voltage is up to 12V, it can be enable the 5V regulator and the 
5V pin can be used as output, for example to power up the 
Arduino board. If the motor voltage is greater than 12V, it mu 
disconnect the jumper because it can damage the 5V regulator. 

 

C. Block Diagram 

 

 
 Figure 14: Block Diagram of flow process 

The block diagram shows the overall process flows 
throughout in this project. From the driving system which 
contain LCD 16x2 that shows and provide the total students 
that seated in the bus. Then, the QR code scanned by the driver 
where the square grid that already generated and attached at 
the student’s bags. The grid contain information about their 
parent’s numbers that automatically message will appear at 
their parent’s devices as the output of this project. 

 For the microcontroller, the sensors which are Ultrasonic 
and Force Sensing Resistor connected that will work their own 
functions and shows the results and impact to the driver. 
Ultrasonic sensor will detect any obstacle or human at the 
back of the bus which is the driver’s blind spot and it 
automatically brakes. Force Sensing Resistor will detect the 
weight of the students that have seated and continue to 
calculate the total of the students in the bus. 

 
 

D. Flowchart 

 
 

Figure 15: Flowchart of the system 

The flow shows the process of the system of each 
components. From the students aboard the bus, the QR code 
will be scanned and if it does not scanned the process will 
repeated until succeed and the student’s time will appear 
through SMS which notify their parents when they entering 
the bus. 

For the flow of Ultrasonic sensor, the students roam 
around the bus and when the sensor transmit any obstacle, it 
will receive the signals and automatically the bus will brakes 
even the driver steps on reverse pedal. 

Lastly, for Force Sensing Resistor, the students sit at their 
seats and it will total up the number of students in the bus. The 
number of the students will appear at the driver’s screen where 
LCD 16x2 are been used. 

 

E. Schematic Diagram 

 
 

Figure 16: Schematic Diagram of the connections system 
 

       Based on figure 16, the diagram shows the wiring 
connections between Arduino Mega, motor driver, force 
sensing resistor, ultrasonic sensor, LCD, potentiometer and 
Bluetooth module. The Arduino is programmed to control the 
direction of the motor driver and its speed while the Bluetooth 
gave the signal transmit and receive from applications to the 
Arduino as it conducts the motor driver. Furthermore, the 
Ultrasonic sensor also gave the signal to the Arduino as it 
receives the signal if there are any obstacles towards the back 
of the car. The LCD displayed the total number of students in 



the bus and the potentiometer control the brightness of the 
LCD. The force sensing resistor measured the weight of the 
students and give the results to the LCD as it displayed the 
total of the students. 

 

III. RESULTS 

 

 
 

Figure 17: The prototype 

 

Condition(s) Result(s) 

QR code scanned  Children’s parents receive a 
message about their 
children when entering and 
exiting the bus. 

Force Sensing Resistor Setting the range of the 
weight: 

If  load > 150, it detects the 
weight of the students and 
send the signal to the 
Arduino 

If < 150, it does not detect 
any weight of the students 
on the seat. 

Ultrasonic Sensor Setting the value of the 
distance to prevent the bus 
from getting into collision. 

If distance < 10, it detects an 
obstacle and automatically 
brake.  

LCD 16x2 The LCD will display the 
total of students seated on 
their seat and it also display 
the notice of danger when 
the ultrasonic sensor detects 
an obstacle. 

Bluetooth Module The mobile applications 
connected with Arduino and 
makes the car move by 
followed the instructions 
coded. 

Table 2: The results of the Smart School Bus System 

 For the Smart School Bus System, the sensors are used in 
order to complete the system. It is believed that this type of 
setup will ensure the safety of the children, the bus and to ease 
the bus driver by focusing only on the bus while driving. 

 

IV. DISCUSSION 

 
The Usage of QR code over RFID sensor. 

 RFID sensor is believed to be more costly than QR code 
as there need to be an upkeep in cost for the growing number 
of students. The possibilities of the students to lose the RFID 
tag are high. On the other hand, QR code can be easily 
generated and can be easily maintain in cost as it can be 
printed out on A4 size paper whereas RFID will need specific 
cards that are compatible with it. RDIF sensor also is less fit 
in the Internet of Things (IOT) concept than QR code.  

The purpose of Force Sensing Resistor 

 The purpose is to ensure the safety of the children in the 
bus. Given children’s nature of being playful, in common 
situations there will be children playing or lurking while the 
bus is moving. This will make it harder for the bus driver as 
they cannot ensure the safety of the children while driving. 
Meanwhile, the simplest brake on turning of the bus may or 
may not causes the children to fall resulting in the children 
getting hurt physically. This sensor is believed to make 
children behave in their sits while the bus driver drive them 
to their houses or to school. Failing to maintain sittings in 
their sits while the bus driving will result in the bus 
automatically brake, slowly over the time until the bus is 
stopped. 

The purpose of Ultrasonic Sensor 

 Most of buses do not comes with sensor features such as 
ultrasonic sensor. Bus driver will usually use their sense to 
judge their situations in reversing mode if there are any 
obstacle behind or not. This may or may not potentially 
crashes the bus as it is one of the bus drivers’ blind spot. For 
prevention, to improve the reverse mode, implement 
ultrasonic sensor to reduce the amount of potential crash of 
bus as the sensor will beep the bus when it is close to vehicles, 
wall, water barrier, etc. 

 

V. CONCLUSION 

     As for conclusion, the implemented and the impact of 
using Internet of Things (IOT) helps this system works 
accurately as to ensure the safety of the children on their way 
to and from school. With addition of force sensing resistor, it 
believed to improve the concept of smart bus system along 
with QR code and ultrasonic sensor, the prevention of 
suffocating and missing children can be help by using this 
system. More so, the life of as a bus driver more ease as the 
bus driver can now focus solely on the road, rather than trying 
to control the children behavior while driving by shouting. 
Furthermore, this Smart School Bus System is a concept of 
the future and is closer to reality with the advancement of 
technology. The system can be further improvised with more 
advanced technology such as A.I (Artificial Intelligence). 
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