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3 Abstract

The world is developing rapidly in many areas nowadays. Especially in the technology field. One
of those areas where technology is developed and used is ”Transportation and Buses Systems”.
Safety, Payment, Monitoring, and Management Systems are examples of the field of Busses and
transportation field is developing. Across the world, many bus companies use technology to keep
track, organize their buses, and manage them. On the other hand, that is not the case locally. Al
Taneeb, Al Waleed, and Al Tamimi are some of the local companies that run the majority of the
buses across the country, they use their systems, unfortunately, those systems are old and not that
practical. So, to keep pace with this development, local bus companies should use more techno-
logy. Facilitating the management of buses for the companies, ensuring safety for passengers, and
making their life a little bit easier.

Bus Monitoring System is a system for a company to track its buses’ routes and monitor their
movement. Easing the supervision of the whole system by providing subsystems to monitor the
buses by using a GPS to locate the bus and track it alongside the path. as well as a camera stream-
ing all the time to keep records on the server in case of any problem. Safety is important as well! A
CO2 detector saves passengers’ lives by refreshing the air if there is a lack of oxygen. As well as an
”emergency button” to call the police and provide the location in case of any attacks or robbery.
regarding the communication between buses and stations, there will be independent communica-
tion to keep the system working in case the server goes down showing a bus is arriving at a station
or willing to leave one. Finally, in the payment system, RFID cards will be used to pay for bus rides.

Note that there is no internal controller in the demo meaning that an external controller will be
implemented to simulate the steering wheel by using an application on the phone, and some but-
tons to communicate with the station.

Other systems can be found but they are not covering all implemented features. Most of the
already existing systems rely on servers and cannot work without them. More security and safety
measures are added. No system is perfect but constant development and adapting to cover weak
spots is the way to improve the system.




4 Introduction

Although the use of traditional buses is common locally. it still wastes a lot of time for passengers,
for example, passengers waste their time standing to buy tickets to ride buses, and they may waste
another time riding on the bus while paying cash, in addition to the fact that the driver will waste
time when receiving their money and returning change, which may causes more late passengers
who pay to be on time for their appointments.

The Oxygen levels may decrease in the bus without any notice from the driver nor passengers,
causing harm to them, especially since the windows of modern buses are closed and cannot be
opened.

For buses’ companies, buses are not tracked and monitored. This may cause a problem contacting
the buses reaching them in case of emergency or even providing some luxury apps for the clients
to locate the buses and approximate the time to move toward them. As well as providing camera
recordings to check if there is any danger r violations.

Bus monitoring system aims to provide safety and security in the bus for passengers. In addition
to facilitate charge the cards. This system has multiple features that achieve safety and security
like:

1. There is a CO2 detector in the bus, so when the CO2 is higher than the safe percentage. A
fan added in the top of the bus will be turned on automatically refreshing the air making
the CO2 level dropping down again.

2. The ability to see everything inside the bus by using a camera that will be streaming all the
time.

3. Every RFID card has a unique ID, so every customer can charge his/her card on the station
or any other certified sale point.

4. Turnstile gates working on RFID cards to ensure payments(will be simulated as bus door in
the demo).

5. Emergency button to call the police and provide the location for them.
6. GPS tracking the bus path all the time.

7. interactive stations that are connected to buses and notify passengers if there is a bus coming
and if it is about to leave.

The research will be demonstrating the problem and how it could be solved. Then providing a
methodology and some devices and equipment that used to partially solve the problem. and then
suggesting some extra steps that can be taken to improve the solution and make it closer to what
a perfect system should be.




5 Constraints Limitations and Earlier Coursework

5.1 Constraints Limitations
5.1.1 Lack of Resources

It’s not easy to find all the components needed in the local electronics stores. How to deal with
these components is another story. Some problems with their functionality or misusing them may
be caused by the lack of experience.

5.1.2 Time Limit

To finish the project with the desired details and features, it takes big time because the project will
pass through many stages, including the learning interval, planning and designing interval, building
and debugging interval. In addition, there will be enhancements to improve project’s performance.
and finally, the testing interval. Furthermore, the semester is limited for three months.

5.1.3 The Power

Dealing with the power is a big deal because there are multiple modules in the project. Each
component varies than the others. In the bus, there will be some 12 Volts, 6 Volts batteries and
power-bank to get the needed power to run it. Other modules are less challenging and can be
powered by a USB with low current needed.

5.1.4 The Cost

The project has multiple components, each will cost money, But the point of such project is to
find an economic system with lower cost as possible to meet the financial level. as well as make it
attractive to anyone who is willing to use it.

5.2 Earlier Coursework

The knowledge of the participants in Hardware was gained in the Computer Engineering Depart-
ment from all the courses that we have taken such as: Microprocessor, Micro-controller, Electrical
Circuits, Digital Design, Critical Thinking Research and Computer Networks. Other knowledge
was gained by participating in some courses and sessions online and with the local IEEE branch.
for example:

1. Arduino course

2. ESP8266 & ESP32 course

3. Raspberry Pi 4 courses and articles
4. React library courses and training

5. Firebase




5.3 Standards and Protocols
5.3.1 HTTP

Hypertext Transfer Protocol (HTTP) is an application-layer protocol for transmitting hyperme-
dia documents, such as HTML. The HTTP protocol was designed to communicate between web
browsers and web servers, but it can also be used for other purposes. HTTP is a stateless protocol,
this means that the server does not keep any data (state) between two requests.[5]

5.3.2 IC2

The 12C communication bus is very popular and broadly used by many electronic devices. It can
be easily implemented in electronic devices which require communication between a master and
multiple slaves or even multiple master devices. The easy implementations is because the it requires
only 2 pins for communication (SDA and SCK) between up to almost 128 (112) devices when using
7 bits addressing and up to almost 1024 (1008) devices when using 10 bits addressing.[4]

5.3.3 SPI

Serial Peripheral Interface (SPI) is an interface bus commonly used to send data between micro-
controllers and small peripherals, sensors and SD cards are common. It uses separate clock (sck)
and data lines(MISO,MOSI), along with a select line (cs) to choose the device willing to contact
to.[7]




6 Literature Review

Cities growth is one of the challenging trends among the world. Providing services in a certain
quality might be hard these days but for sure it is getting harder by time. Water, electricity,
buildings, healthcare, and transportation systems are some of the aspects and surly there is more.

One of the challenges among large cities is the transportation system. There are multiple models
of transportation including Air travelling, Sea travelling and Land transportation. Those 3 models
are applicable in most countries across the world. Air travelling is applicable across travelling
across countries. Some counties actually use airlines to connect cities or states inside the same
country. Sea travelling or Maritime traveling is one of the most efficient way to move a large
number of passengers and payloads. It is cheap, cost effective and amazing way to see the world.
Last way of travelling is land travelling. Trains, buses, cars and trucks are some of the vehicles
used to travel by land[8].

Returning back to Block cements called cities, cars Buses and Subways metro are the most systems
used to travel by land. Subways requires a huge budget to be applied and ofcourse the most im-
portant a suitable and supportive infrastructure. Subways require a large wide streets and a very
organized infrastructure and a strong built buildings to endure the constructions work around them.

Cars and buses are more suitable for remote places and poor countries but they face a lot of
problems due to traffic, narrow streets and old systems they are using. Security and safety systems
are another story, payment systems are varying between company to other.

Palestine is one of the countries that are considered a poor one. It is occupied and has no sover-
eignty over it’s land. This and more making a subway system looks like a dream for those people.
What about cars and buses? well, cars and buses are the most used in this country. Though,
it is still challenging to manage these buses into more efficient way due to traffic, and the bad
infrastructure in most cities as well as the traditional system of a bus is moving from point A to
point B among cities but not inside the same city. There are some exceptions ofcourse but still it
is not the case in most places.

To run a bus system ( or any other transportation system ) it should be a convenient easy to use
and ease the life of the passengers. Safety and emergency precautions are needed too. Making the
system more time efficient and less time consuming would make it better. Monitoring and safety
are important too. Monitoring can help running some Machine Learning models to improve the
system efficiency and to pass the peak times with less effort. It also helps improving the whole
system by noticing where are the problems and who to be improved which means providing a
better service and a more reliable one. Tracking is a good point too! but how? well, if the buses
were tracked all the time this will provide data on how where and why the paths can be changed
into depending on the behavior of the passengers. This feature can be also used to provide an
application that shows the buses in real time and estimate how much time it would take a bus to
reach a certain point. Stations are another way to improve the service. Having a screen showing
the buses are at this station and indicating if one is leaving is useful. Missing a bus is very common
among people just because they were late for seconds or distracted by an event. But indications
saves their trips by telling that the bus is leaving, Harry up!




7 Methodology

7.1 Equipment and Components
7.1.1 Arduino Mega

Arduino Mega is a microcontroller that has 54 digital input/output pins, as well as 16 analog pins.
Tt is designed for projects that require more inputs/outputs pins [2].

The Arduino Mega2560 has been used in the bus to control the motors and their drivers using a
mobile application interacting by an HC-05 Bluetooth module, contacting with the station module
to provide the needed interaction, reading an CO2 sensor then controlling a fan in the top of
the bus providing more healthy, reading a RFID, controlling bunch of buttons, a GSM and GPS
controlled by serial as well as a raspberry pi4. It also to control a servo motor to open and close
the door when the card passes into the RFID module.

Responsible for Serial TWI (12C)
USB communication PWM Outputs

Communications

USE Connector
Digital
' | Inputs/Qutputs

Fuse for
USB protection

Regulator 5V

SOURCE
7to 12V

Power Pins Analog Inputs Reset button
Regulator 3.3V

Figure 1: Arduino Mega 2560

7.1.2 Arduino Uno

It is a microcontroller board developed by Arduino.c. It has 6 analog inputs, 14 digital
outputs/inputs pins. A 16 MHz ceramic resonator (CSTCE16M0V53-R0) [3].

The Arduino Uno has been used used in the station module to control the LCD announcing a
bus has arrived or about to leave. Other way it has been used is to read the keypad to charge the
customer’s cards and send this value serially to the ESP8266.
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Figure 2: Arduino Uno

7.1.3 NodeMCU ESP8266

NodeMCU ESP8266 is an open source platform based on ESP8266 that can connect objects
using Wi-Fi to send and receive the data [1].

the NodeMCU ESP8266 has been used in order to connect the RFID to scan the cards and read
its ID and to get the price from keypad serially with Arduino Uno. In addition, It has been used
to get and post the value of the card to/from the Firebase.
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Ry —{ GP1OS |
o2y GP104 |
(GP100 |{FLASH]
(GP102 |{ TXD1 |

3.3V

GND
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GP1013}- RxD2 }{HMoOsI]
GP1015}~ TXD2 }H HCs |
[GP103 | RXDO |
(GP101 |- TXDO |

GND GND

vin RST FLASH3v3 3.3V

ot e

Figure 3: MCUNode ESP8266
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7.1.4 Raspberry Pi 4

A mighty capable micro controller that can do whatever a computer can. It has a special OS ( a
Linux distribution ) which means it can browse the internet, being programmed , run
applications and many other things. The raspberry pi used to stream camera all the time and to

40 Pin General-purpose
input/output Header PoE HAT Header
. i

interact with the Firebase.

2.4/5GHz Wirless = ol
Bluetooth 5.0 o e A 3 Gigabit Ethernet
Micro SD Card Slot

2xUSB3.0
2-lane MIPI DSI
display port

USB-C Power : . 2 £
Port 5V/3A 4-pole stereo audio

i 2-lane MIPI CSI
z e HDMI -
ports(up to 4Kp60) camera port

Figure 4: Raspberry pi 4

7.1.5 Raspberry PI Camera V2.1

Used to capture the video to be streamed.
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Figure 5: Raspberry pi camera module V2.1

7.1.6 HC-05- Bluetooth Module

A popular simple communication module that has 2 modes ( command mode and user mode ).
The command mode is the mode that can be used to set the proprieties to the module such as
name, password and binding ...etc. Other mode is the data mode which is used 99% of the time
transferring data to other modules on a wireless communication with a frequency of 2.4GHz. It




has A VCC pin ( 3.7 - 6 Volts ), GND pin,TX and RX pins for transferring data. The HC05
module has been used to communicate between station and bus module. In addition is has also
has been used to control the bus module motors using a mobile application.

Key

Tx (Transmitting)

Rx (Recieving)

State

HC-05 (Bluetooth Module)

Figure 6: HC05 Bluetooth Module

7.1.7 A6 GPRS/GSM

The A6 module provides a serial port to communicate via GPRS. Arduino (or any other
controller) can interact with the module using a (TX,RX) serial. The module is suitable with
applications that do not require Wi-Fi and mainly SMS messages or calls.
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Figure 7: A6 GPRS/GSM module

7.1.8 RC522 RFID

An RFID or radio frequency identification system is a system that consists of two main
components, a card or tag attached to the object to be identified, and a reader that reads the
card (or the tag).

the reader consists of a radio frequency module and an antenna that generates a high frequency




electromagnetic field(13.56 MHz). The Card (or the tag) is a passive device -it does not have a
battery-. It consists of a microchip that stores and processes information, and an antenna for
receiving and transmitting a signal.

The module has 8 pins VCC and GND for powering ( note that vee is 3.3Volts and applying 5V
will damage the module). IRQ, Reset and SPI communication ( SS, MISO, MOSI and SCK).

12345678

Pin1:VCC

Pin 2 : RST

Pin 3 : GND
Pin4:IRQ

Pin 5 : MISO/SCL/TX
Pin 6 : MOSI

Pin 7 : SCK

N Pin 8 : S5/SDA/RX
@ RFID-RC522 @

Figure 8: RFID reader

7.1.9 Servo Motor

A servo motor used to implement a door that opens or do not open depending on the value of the
card.

Figure 9: Servo motor

7.1.10 MG811 CO2 Module

MGR8I11 is a sensor that is sensitive to CO2 and less sensitive to other gases providing lower
current if the CO2 level is high and Higher current when the CO2 level drops down. The
interaction can be done by reading the sensor as digital but the easier way is to read analog
signal directly using VCC GND for power and Aout for analog.




Figure 10: MG811 CO2 module

7.1.11 L298N Motor Driver Module

This module provides an H-Bridge to control the directions of the DC motors. It takes 5 - 35
volts as an input voltage and reflects it as output. Other inputs used to control the direction and
speed using pulse width modulation.

7.1.12 LCD with IC2 module

16*2 LCD has been used with IC2 to indicate the messages in the bus, station and card charging
module.

Figure 11: 16*2 LCD with IC2
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7.1.13 37mm 24DC Low Speed Geared Motor

Figure 12: DC low speed geared motor

7.1.14 Keypad

A 4*4 keypad matrix used to get numbers and values to charge the RFID cards.

Figure 13: Keypad
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7.1.15 Power Sources

Many power sources used in this project including batteries power banks and a USB cables that
are connected to a computer or a suitable power adapter

7.1.16 Serial Cable

Serial cables used to program the Arduino and the ESP and to connect between the Arduino and
the Raspberry pi.

Figure 14: Serial wire

Figure 15: Micro Serial wire

7.1.17 wires

Wires used to connect the components.
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7.1.18 Breadboard
Breadboard used to ease wiring some parts and to supply power for multiple parts using 1 wire

from the source.

7.1.19 Wooden Model

Bus wooden model to mock a real bus shape.

Figure 16: Wooden Bus Model

higher than a certain safe level.
~ T

7.1.20 12V Fan

San —

{

e air if the CO2 level is going

A 12V fan used to refresh th

ﬁ

ggwm

Figure 17: 12V fan

7.1.21 Buttons
Buttons used to indicate a SOS call and a bus leaving station

13




7.1.22 LEDs

Used to indicate the card if it was accepted, rejected or no status for any card.

7.1.23 Python

A high-level programming language that is structured to support Object Oriented Programming
and Functional Programming. I has been used to interact with Firebase on the raspberry pi.

7.1.24 React

React is a JavaScript library for building user interface. It is used to build single page
applications, also to create reusable UI components[9]. It is a good choice to create a web page to
ti interact with the APIs on the server and show the cards that the customers have.

7.1.25 Firebase

Firebase is a platform developed by Google for creating mobile and web applications[6].
Developers can use Firebase as a server to get, post,delete data.

14



8 Discussion

The main purpose of the project is to improve the user experience of the local bus system in
Palestine and other poor countries that cannot afford to build a subway or train rails. This is
definitely what have been done. Including some safety features, improving user experience,
having a better independent payment system and separate some functionalities from the server
and improving the communication and make the system more reliable.

[ArduinoTesting]

CO2 sensor and air flow system are great but still can have a negative side not detecting if the
CO2 rising is because of fire or it is normal due to crowded bus. Other limitation is that the bus
door is working on the RFID but that must be replaced with a tripod turnstile and using a
special card for emergencies ( someone have forgot his bag and want to get it and leave this will
not be possible with the current system but this can be solved easily by having some emergency
cards. Bluetooth is not a good system to connect the bus with the station and must be replaced
with an ESP or any other wifi module to provide more reliable connection. Firebase can have
more than just an ID with a value, this way can have more functionality such as gifts or classes
for clients and maybe more data about the trips so this can be collected to provide offers to
increase sales. Cards can have some functionality or encoding so it can be used even if there is no
internet or the server is down so there will be no need for the server for a certain amount of trips.
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9 Conclusion

There is no perfect system and as the technology improves the more the systems improved. It is
just a big circle aims to provide the best way with the available technologies.

Improvement is a journey that never ends. and here is some points this system can be passing
through to be mature enough.

1. ML... ML ... ML, Machine learning is the best way to study the data that collected from
the users and this makes it possible to notice how to improve the service.

2. Independency, the system is dependent on the server in way too many cases but providing
some ways to save the state and sync it when possible will provide more reliable system and
still can work with down servers and last for maybe some days providing enough time to
save the user data.

3. security and safety is a big problem that can never be done from. Safety of the passengers
and how to protect them in case of accidents and fire is a way from being done and this
could be a very good topic to dive into.

4. Some problems were mentioned in the discussion so another look would be great to get a
bigger idea.
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GUI for the web application

Welcome

Figure 18: Landing Page

Welcome

Figure 19: Adding New Card or Search to Edit
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Welcome

9724292

save

- .

Figure 20: Search For Cards

https://firstprojectcard-default-rtdb.firebaseio.com/

- cards
> 9724292
» 58615526

> 3378206386

» -NAv40ms_BQCx9Wr-gk7

Figure 21: cards in Firebase Before Adding

Welcome

8080890

Figure 22: Adding a New Card
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’ DYb 15540

» 337820636

4 -NAv40ms_BQCx9Wr-gk7

v -NAV5ATIYyONyNk-X2A737
card: "8080890"
id: 1

value: "90"

Figure 23: Firebase After adding

Welcome

rd number : 9724292 card number : 50615526
value :9 value :139

card number : 337820630
value :18

card number : 8080890
value :90

Figure 24: All Cards Page
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