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Abstract

This project is to develop a Simultaneous Localization And Mapping (SLAM) for
mobile robot car controlled by using a “tiny computer” called Raspberry Pi as the main
control board. The purpose of this project is to resolve the old line-following method for
automatic guided vehicle or mobile robot car that utilized by factory for transportation
purpose. Since old line-following method has been encountered some issues that caused
the mobile robot car unsuccessful to deliver materials from starting point to destination.
The major issue is line such as physical white line along predefined path on floor
eliminating gradually due to problem of tear and wear. Thus, mobile robot car unable to
detect theline on floor to travel. Therefore, by using new technique called Quick Response
code (QR code) able to resolve the problem of line-following method. It is to replace the
line along the path on floor with QR code. QR code is the trademark of a type of matrix
barcode or two-dimensional barcode that able to store the data and fast readability. The
mobile robot car compatible with the Raspberry Pi Camera can captures the image
containing QR code and decodes it quickly in order to retrieve the data within it. The data
stored within QR code islocation point in coordinate form (X, y). Each QR code stored one
location point. QR code symbolsis placed on floor with same distance with each other. So
that mobile robot car has to travel a certain distance to capture QR code and decode, then
continueto move until it reach at destination. While decoding it, monitoring system on web
also keep track of position by showing the location of mobile robot car. The monitoring
system can let user clearly to determine position of mobile robot car either on track or stuck
at any point along the pathway. Lastly, the QR code places on the floor not only reduces
the problem of tear and wear as compared to line, but aso the fast readability of QR code
that made it became morereliable. Thus, QR codeisagreat solution to replacethe old line-

following method and suitable to implement it on this project.
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Chapter 1: Introduction

Chapter 1: Introduction

1-1 Problem Statement and M otivation
1-1-1 Problem Statement

Nowadays, most of manufacturing plant and warehouse industries are attempted to
improve the operations and efficiency on their work in order to adapt the growing on their
business. Mobile robot car is one of the approach to replace reliance on human workers
and boost the efficiency. It is used to deliver the materials to some places. However, line-
following method applied to mobile robot car for transportation purpose in warehouse has

been encountered some issues and caused it not working properly.

Line-following method is one remarkable method which allowed automatic guided
vehicle or mobile robot car to transport the materials from starting point to destination. It
is detected and followed the line drawn or created guide tapes on floor until it to reach
destination. By applying this approach, human power can be reduced in transportation by
replacing the mobile robot car to deliver the materials. However, the created guide tapes or
line drawn on floor has been encountered some problems over a period of time. One of the
problem is created guide tapes or line drawn on floor that eliminated gradualy over a
period of time dueto kinetic friction or tear and wear. Eventually, line drawn on floor likely
become dotted line. Since dotted line that contained space in between, it caused mobile
robot car difficulty to detect and follow it or even out of track. Mobile robot car aso cannot
to keep track of its position accurately. Furthermore, due to problem out of track, distance
measurement from starting point to destination cannot to calculate precisely.

Therefore, QR code approach is one of the solution to replace the line-following.
Thisisbecause QR code approach isto scan QR code symbols placed on floor with certain
distance between each other to travel instead of following line. Thus, the problem of line-
following approach can be resolved. For those developing and evolving factories or
warehouses, them constantly adapting to meet ever-increasing productivity and efficiency
demands. This is an enhancement solution to apply in transportation instead of line-

following method.
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Chapter 1: Introduction

1-1-2 Motivation

Most of the factory is faced the problem occurred during the pathway for mobile
robot car transport the materials from or to the inventory. Since the old line-following
method for mobile robot car to travel that is not functioned well over sometimes. For
example, mobilerobot car moved out from the track while travelling. The one of the reason
isfriction lead to the line gradually eliminating, made the mobile robot cannot detected the
line to follow up. The consequences of it is resulting the financial loss in factory due to
frequently to renew a line track. Thus, | would like to further improvement from the
previous method which is mobile robot car using the QR code approach. QR codeisto act
as landmarks or location points in coordinate form, thus mobile robot car able to scan
through and decode it in order to retrieve the data or location point. This also able to keep
track the position of maobile robot car. QR code symbols are placed a certain distance with
each other along the pathway, thus mobile robot car have to travel a distance only able to
scan QR code and continue to move until it reach destination. Since it placed some QR
codes instead of line all the way along pathway, thusit is only to replace QR code during
maintenance. It had been solved the problemsfaced by factory such asreduced thefinancial

loss in maintenance the track and getting lesser tear and wear problem emerged.
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Chapter 1: Introduction

1-2 Background I nformation

In this modern era, the topic regarding “Robot” became a famous topic to those
scientists which attracting their view to explore or investigate on it. So, what is a “Robot™?
Robot is amachine that can be programmable by a computer and capable of carrying out a
complex series of actions or tasks automatically after programmed. It can be taken over by
either remote or internal control to perform some tasks. Thus, the mobile robot car is an
example of robot to perform a task such as localization and navigation in indoor
environment. Since the Global Positioning System (GPS) is suitable for outdoor
environment, but itslocalization accuracy is degraded in the indoor environment. Thus, an
Indoor Positioning System (IPS) is one of the solution for solving the problems regarded
the mobile robot car. An Indoor Positioning System (IPS) is a system to locate objects in
certain area using radio waves, magnetic fields and so on.

Therefore, a system is required to develop so that it can keep track of the mobile
robot car by using the QR code technology known as Quick Response code which is the
trademark for atype of matrix barcode or two-dimensional barcode. The advantages of the
QR code are fast readability and larger storage capacity for data or information. However,
it is required a scanner or camera to scan through QR code symbol in order to decode it
and retrieve the data. Therefore, by using the QR code technology, the old line-following
method applied in the factory can be replaced. In the factory, the guide tapes or lines on
the floor formed a pathway for the mobile robot car to transport materials from source to
destination. However, the guide tapes or lines on the floor is eliminated gradually due to
physical contact such as shoes, loads and so on, which it caused to tear and wear problems
to happen. Thus, mobile robot car no longer can be navigated based on the line to perform

transportation from source to destination.

In order to improve the accuracy, landmarks or correction points represented by QR
code is provided to keep track the mobile robot car. The mobile robot car isrelied on the
encoder that mounted on DC geared motor to cal culate the distance travelled between two
correction points. The encoder is continued output the pulses signal to omni-wheel main
board while travelling. The pulses are obtained to cal cul ate the distance travelled by using
algorithm. When approaching the correction point, the Raspberry Pi Camerais captured an

Bachelor of Information Technology (HONS) Computer Engineering 3
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Chapter 1: Introduction

image to decode the QR code and retrieve the data. After that, adjusted the position of
mobile robot car into an accurate pathway before continuing to move towards next
correction point. This adjustment is required to reduce the errors accumulated during
mobile robot car travelling. Then, mobile robot car is continued to move towards to next

correction point and adjusted its position until it is arrived the destination.

In addition, amonitoring system on web isdesigned to aid in keep track the position
of mobilerobot car. Each QR code location is showed on map. Whenever mobile robot car
is scanned and decoded the QR code symbols, the particular location on map is lighted up
to indicate its current position. In contrast, monitoring system able to know if QR code
symbols unsuccessfully scanned and decoded by mobile robot car at that particular location.
Thus, monitoring system is useful to know the real-time situation and keep track the
position of mobile robot car along the pathway.

Bachelor of Information Technology (HONS) Computer Engineering 4
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Chapter 1: Introduction

1-3 Project Objectives

The objectives of this project can be summarized as below:

1. Todevelop technique for measuring travelled distance for mobile robot car through
dead reckoning. The error of travelled distance is expected to be large when

measured with this approach, especially when the robot travels for along distance.

2. Toimprovethetravelled distance measurement by introducing the correction points
at fixed position (use QR code to represent the correction point) to correct the
accumulated error in dead reckoning.

3. Todevelop the online web application for tracking the locationstravelled by mobile
robot.

4. To develop technique for reducing the errors accumulated along the pathway by

introducing adjustment on robot position when it arrived at each correction point.

Bachelor of Information Technology (HONS) Computer Engineering 5
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Chapter 1: Introduction

1-4 Proposed Approach /Study
There are a few proposed approach that used in this project. The QR code as a

correction point methodology is one of the proposed approach. This approach is to place
some QR codes aong the pathway with the same distance in between. Mobile robot car is

required to depend on the QR codes along the pathway to travel.

In addition, problem of friction between surface and wheel of mobile robot car lead
to apply the position adjustment on each correction point. WWhenever mobile robot car stops
at correction point to decode the QR code, the situation will occurs which the position of
mobile robot car shifted a bit. Therefore, this should be to adjust it before moving to next
correction point and error accumulated along the pathway will be decreased gradually.

Besides, the distance travelled methodology is applied to this project. In order for
mobile robot stops at each correction point, the distance between two correction points
haveto compute. So that mobile robot car ableto stop by travel thefixed length of distance.
This distance can be measured by using the encoder to detect the number of motor

revolution.

Lastly, monitoring system on web page approach is required to keep track the
location of the mobile robot car. There are some requirements to keep track the mobile
robot car. The first requirement is to possess a database system to store the location of QR
codes or correction point. When mobile robot car at the specific correction point, it able to
insert itslocation into database. Therefore, web page ableto retrieve the datafrom database
and display to the user-friendly web page. This alowed the user to keep track the mobile

robot car via monitoring system on web page.
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1-5 Achievement

Below are the highlights of what have been achieved in this project:

- Able to control Omni-wheel main board (slave) by Raspberry Pi (master) via
UART.

- Able to determine the direction of mobile robot car by controlling its motors. For
instances, move to left, right, forward, backward and so on.

- Raspberry Pi Camerawas used to capture QR code image successfully.

- Adjustment on each correction point to ensure the position of mobile robot car
accurately. Thiswas to reduce the errors accumulated along the pathway.

- Ableto upload and store the decoded data from QR code to MySQL database.

- PHPMyAdmin software tool was used to manage and handle the MySQL database
over web.

- Ableto retrieve the stored data on MySQL database via using PHP.

- Able to display the stored data on MySQL database to webpage designed using
HTML and CSS.

- Monitoring system on web page was created to keep track the position and real-
time status of mobile robot car.

Bachelor of Information Technology (HONS) Computer Engineering 7
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Chapter 1: Introduction

1-6 Report Organization

This report is organized with few chapters. Chapter 1 is an introduction to the
project, basically to describe problem statement, motivation, objectives and project
background. In chapter 2 is about the literature review to review and comparison on
previous or related project. It isto highlight and compare proposed approach with previous
onein order able to improve. Chapter 3 is described in detail how the project is developed
and provided all necessary information, so that to allow someone ableto rebuild the system.
This included top-down system design diagram, details of system flow, implementation
steps and so on. Chapter 4 is regarding the design specification, it is discussing about the
methodology and tools being used in project and requirement for the system. In addition,
anaysis and verification plan are written on chapter 5. Lastly, chapter 6 isto conclude the
project. It isdescribed on what have been achieved in project, relate to objectives and future

improvements or development.
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Chapter 2: Literature Review

There are some existing product that similar to this project but the technologies
involved are different. The first product called “RFID Positioning Robot” which uses the
radio frequency identification (RFID) technology for localization and navigation. The
robot is designed to mount three RFID antennas in an equilateral triangle position, and
some sensor such as ultrasonic and infrared (IR) for obstacle detection and avoidance
during moving. According to L.Chunag (2012), he using the method of Time Of Arrival
(TOA) to determine the present location through data collected from the three antennas.
By varying each antenna’s transmission power level, it can determine an estimated distance
from tag in its read range. Therefore, with data collected from three antennas, coarse
localization can be performed to triangulate the location using the distance formula. The
strength of this product is to use the TOA’s method that reduce the time of signal to travel
from source to destination because signal might travel on the direct or shortest path. Hence,
it can handle the condition from multi-path environment. However, in order to perform the
accurate time synchronization between the source and receiver, the micro or nano second
for the time measurement is required, thus it will increase the hardware cost to implement
for accurate localization. As compared to the using the QR code method to acts as the
correction point to determine the position the mobile robot, QR code method will more
accurate due to the QR code is placed on afixed position, thus position is indicated when
the mobile robot car scan through it. Besides, QR codeislower cost and easier to get from

the internet.

In addition, the next articleis Kalman Filter based Indoor Mobile Robot Navigation
by Md Anam Mahmud, Md Sayedul Aman, Haowen Jiang, Ahmed Abdelgawad, and
Kumar Y elamarthi (2016). Mobile robot isto navigate by using wheeled encoder as sensor.
While using wheel encoder the robot is commanded to move certain paths like an octagon,
rectangle and travelled distances are calculated. The wheel encoder provides Cartesian
coordinate and orientation angle of the robot which can easy to track the robot. However,
robot’s encoder will accumulates the error along the navigation path. Hence, a Kalman
filter is proposed to reduce the error to minimum. At this point, the system of robot also
checks if destination is reached. If it reached the destination, the robot stop moving

Bachelor of Information Technology (HONS) Computer Engineering 9
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Chapter 2: Literature Review

or turned off, otherwiseit will continue to move until it reachesits destination. The strength
of this robot is to gain more accuracy by minimize the error by using the probability
estimation techniques called Kalman filter. The weakness of this robot is the error will

accumulates aong the travel path.

Furthermore, the next article is Positioning in an Indoor Environment Based on
iBeacons by Lida Yang, Quanyu Wang and Guangjie Wang (2016). The iBeacon
technology also can apply to robot for indoor positioning which released by Apple Inc. in
2013. iBeacon provides automatic transmission of location-based advertisement
information to smartphones which build upon Bluetooth Low Energy (BLE). According to
Fujihara, Akihiro, and Takuma Yanagizawa (2015) said, “iBeacon has characteristic of
easy-deployed, low power, low cost and solves the problem that the GPS positioning
cannot penetrate the thick shield which lead to the positioning deviation”. In order to locate
therobot, install multipleiBeaconsin the known environment, so that the robot can retrieve
the distances between every iBeacon and the terminal through computing. The position of
the robot can be obtained through a gorithm to compute. The strength of thistechnology is
lower power consumption, lower cost as compared to others technologies such as RFID
and Wi-Fi. The weakness is out of the effective range of tens of meters in indoor
environments, the accuracy of positioning will be degraded. However, QR code compared
with iBeacons, QR codeis cheaper and it has afast readability which allowed robot to scan
through it in aquick way, therefore it much more efficient than iBeacons.

Bachelor of Information Technology (HONS) Computer Engineering 10
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Chapter 3 System Design

3-1 System Design Block Diagram
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Figure 3-1-1 System Design Block Diagram

Based on above system design block diagram, there are separated into two parts,
left side part is hardware part to control the physical movement of the mobile robot car,

right side part is software part to monitor the location of mobile robot car on designed web

Page.

On the hardware part, Omni-wheel main board is acted as a lave for Raspberry Pi.
External battery 11.1V as apower supply that is connected to the slave. The slave hasthree
embedded motor driver modules to drive three motors respectively. The embedded motor
driver moduleisto control the direction of movement and speed of motor. Thus, each motor
is connected to one embedded motor driver module. Moreover, the encoder mounted on
each motor also connected to slave. The encoder is to keep output the pulses to the Slave
while motor moving. Thus, slave able to further process the pulse signals such as to
compute the revolution of the motor and distance travelled by the mobile robot car.
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Besides, Raspberry Pi as amaster isto control over the slave. It is connected to 5V
power supply. In order to become master-slave relationship, a communication is required
between both which is UART communication. The communication allowed the master to
control slave and retrieve the required data from slave especially the revolution and speed
of motor. In addition, master also connected to Pi Camera that used to capture QR code
image and decode it to retrieve the data such as location of correction point in coordinate

form. The captured image is then used to adjust the position of mobile robot car accurately.

On the software part, Raspberry Pi also as a web server to host or serve the web
pages. It also installed the database call MySQL database that used to store the data
retrieved from both slave and master. Therefore, the database within the web server isable
to link with web page. The datafrom database is retrieved and showed to the web page that
hosting by web server. So that, user able to view data on web page such as location of
mobile robot car.

Bachelor of Information Technology (HONS) Computer Engineering 12
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3-2 Flow Chart

Place mobile robot car at the
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the path to trave
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3-3 Schematic Diagram
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3-4 Prototype
The figure below shows the prototype is developed and used it to complete in this project.

Top View of Prototype

Figure 3-4-1 Top view of prototype

Side View of Prototype

Figure 3-4-2 Side view of prototype
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3-5 Hardwar e Development
3-5-1 Connection of Raspberry Pi 2 Model B, Omni-wheel main board, and DC

geared motor mounted quadratur e encoder

It

e El= 1
A AR ERITEL

Figure 3-5-1 Connection of Raspberry Pi 2 Model B, Omni-wheel main board, and DC
geared motor mounted quadrature encoder

It is embedded the motor driver to Omni-wheel main board and has a well
connection, so it greatly reduced the difficulty of utilization. Thus, the user just able to use
instruction to control three motors on mobile robot car. There are two communication used
to control the mobile robot car which are Controller Area Network (CAN) and Serial

Interface communication.

In this project, seria interface communication called Universa Asynchronous
Receiver/Transmitter (UART) is adopted and used to control mobile robot car. Serial
communication is the process of transmit the bit data sequentially over a communication
channel. 8 bits of data is transferred in each time of transmission. Thus, Raspberry Pi is
connected to the Omni-wheel main board via UART in order to control the mobile robot
car by sending instructions. Table 3-5-1 shows the pins assigned to Omni-wheel main
board.
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Omni-wheel Main Board Raspberry Pi 2 Model B Function

Pin (dave) GPIO Pin (master)

2 (RX) 8 (TXDO) Transfer data from master to
save

3(TX) 10 (RXDQ) Transfer datafrom slaveto
master

4 (GND) 6 (GND) -

Table 3-5-1 Pins connection between Raspberry Pi and Omni-wheel main board

The serid communication between master and sSlave is required Baud rate
115200bps. Figure 3-5-2 shows the python code for serial communication.

import serial

ser = serlal.Serial {'/dev/ttyAMAD', baudrate=115200,
parity=serial .PARITY WONE, stopbits=serial.STOFBITS ONE,
bytesizesserial .EIGHTBITS, timeoutsla)

HJif{ser.isCpen() == Falsa):

ser._open()

Figure 3-5-2 Python code for serial communication

Thelibrary for serial communication in the Raspberry Pi is serid. In order to use
the library, pyserial has to install by using following command.

sudo pip intall pyserial

The function serial.Serial() is required to input the serial port, baud rate, byte size, timeout
and store into variable ser, then open the serial port on Raspberry Pi. The function
ser.isOpen() is used to check whether serial port is successfully open, if successful its
function returns True, else returns False. If function ser.isOpen() returns False, then used

function ser.Open() to reopen the serial port.

After done for the serial connection, slave is required 10 bytes send form master as

acomplete serial control instruction in order to control the mobile robot car. For serid
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control instruction, the location of motor and axis direction for mobile robot car must to

know, it can be referred from figure 3-5-3.

Motor A
v e
i =
+Y

+ X

< .
+
Motor B y Maotor O

Figure 3-5-3 Location of motor and axis direction for mobile robot car

For the serial control instruction, there are two modes can be used to control
the motor which are speed control mode and position control mode. However, speed
control mode is only used in this project. Therefore, it must turn button to speed mode on

Omni-wheel main board shows on figure 3-5-4.
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Figure 3-5-4 Speed Mode button on Omni-wheel main board
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Serial Control Instruction

Data Frame Frame tx[ 0] tx[1] tx[2] tx[3] tx[4] tx[5] tx[6] tx[7]
Fields Header Header
Details Oxff Oxfe Mode 8 hits 8 hits 8 hits 8 hits 8 hits 8 hits Direction

control 8 bits

|
4

[Referred to Speed Control Mode Instruction ]

Table 3-5-2 Seria Control Instruction
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Speed Control M ode I nstruction

When Model = 1, operate a coordinate control to mobile robot car, it requires to enter the amount of speed in X, Y and Z-axis. tx[0] an

tx[1] combined to 16 unsigned number to control speed in X-axis. tx[2] an tx[3] combined to 16 unsigned number to control speed in

X-axis. tx[4] an tx[5] combined to 16 unsigned number to control speed in X-axis. tx[7] is direction control, lowest 3 bits is used to

control the direction for three axis.

DataFields | tx[0] tx[1] tx[2] tx[3] tx[4] tx[5] tx[6] tx[7]
Details Mode X-Axisspeed | X-Axisspeed | Y-Axisspeed | Y-Axisspeed | Z-Axisspeed | Z-Axisspeed | Direction
control upper | control lower | control upper | control lower | control upper | control lower | control 8 bits
8 hits 8 hits 8 hits 8 hits 8 bits 8 hits
tx[7] 0 0 0 0 0 0/1 0/1 0/1
Details Reserved Reserved Reserved Reserved Reserved 0: Pogitive X- | O: PositiveY- | O: Positive Z-
AXis AXis AXis
movement movement movement
1: Negative 1: Negative 1: Negative
X-Axis Y-AXxis Z-AXxis
movement movement movement

Table 3-5-3 Speed Control Mode Instruction for mode = 1

Bachelor of Information Technology (HONS) Computer Engineering
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When Model = 2, operate a closed-loop control to each motor, it requires to enter the amount of speed in motor A, B and C. tx[0] an
tx[1] combined to 16 unsigned number to control speed in motor A. tx[2] an tx[3] combined to 16 unsigned number to control speed in

motor B. tx[4] an tx[5] combined to 16 unsigned number to control speed in motor C. tx[7] is direction control, lowest 3 bitsis used to

control the direction for three motors.

DataFields | tx[0] tx[1] tx[2] tx[3] tx[4] tx[5] tx[6] tx[7]
Details Mode Motor A Motor A Motor B Motor B Motor C Motor C Direction
speed control | speed control | speed control | speed control | speed control | speed control | control 8 bits
upper 8 bits | lower 8 bits | upper 8 bits | lower 8 bits | upper 8 bits | lower 8 bits
tx[7] 0 0 0 0 0 0/1 0/1 0/1
Details Reserved Reserved Reserved Reserved Reserved 0: Motor A 0: Motor B 0: Motor C
forward forward forward
direction direction direction
1: Motor A 1: Motor B 1: Motor C
backward backward backward
direction direction direction

Table 3-5-4 Speed Control Mode Instruction for mode = 2
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Figure 3-5-6 shows the python code to send 10 bytes of datato control mobile robot car.

import serial
import time

forward = bytearray([255,254,1,0,0,0,32,0,0,0])

left = bytearray([255,254,1,0,32,0,0,0,0,4])

right = bytearray({[255,254,1,0,32,0,0,0,0,071)

backward = bytearray([255,254,1,0,0,0,32,0,0,21)
resetMotor = bytearray([255,254,1,0,0,0,0,0.0,01)

ser = serial.Serial(’'/: CyAMAD" , baudratem115200,
paritymserial .PARITY NONE, stopbitsmserial.STOPEITS_ONE,

bytesizemserial .EIGHTBITS, timecut=10)
if(ser.isOpen() == False):
ser.openi)

ser.write{forward)
time.sleep(Z)

ser.close ()

Figure 3-5-6 Python code for sending serial data

Since the serial port is opened, the serial control instruction able to send to slave to

take over control for the mobile robot car. In python code above, bytearray is used to store

10 bytes data as the serial control instruction, then function ser.write() isto send 10 bytes

for serial control instruction to slave. Below table 3-5-5 showsthe serial control instruction

to control the direction of mobile robot car.

No Serial Control Instruction Result

1 bytearray([255,254,1,0,0,0,32,0,0,0]) | Move forward
2 bytearray([255,254,1,0,32,0,0,0,0,4]) | Move left

3 bytearray([255,254,1,0,32,0,0,0,0,0]) | Moveright

4 bytearray([255,254,1,0,0,0,32,0,0,2]) | Move backward
5 bytearray([255,254,1,0,0,0,0,0,0,0]) | Stop

Table 3-5-5 Serial Control Instruction to control mobile robot car

Bachelor of Information Technology (HONS) Computer Engineering
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3-5-2 Connection between Raspberry Pi 2 Model B and Pi Camera

Figure 3-5-7 Connection of Raspberry Pi 2 Model B and Pi Camera

Pi Camerais connected to Raspberry Pi CSI port viaflex cable. In this project, the
Pi Camerais used to capture the QR code image and the decode it to retreive the data. The
Pi Camerais fixed at a certain height on mobile robot car due to camera focusing issue.
Thus, the camera able to capture the clear image. Figure 3-5-8 shows the python code to
capture and decode the QR code image.
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import time

ar = grtools.gQrR{)

camera = picamera.PiCamera()
camera.start preview()
time.slea

camera.sto eview()
qr.decode )
if gr.data:

print gr.data
else:

Figure 3-5-8 Python code for capture and decode QR code image

From above figure, library for picamera and grtools are required to import into
python. The below commandsisto install both library.

sudo apt-get install python-picamera
sudo pip install grtools

The camera is an instance of PiCamera class, then camera.capture() function is to take a
QR code image. After that, gr.decode() function is used to decode the captured QR code
image and obtain data from gr.data.
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3-6 Softwar e Development
3-6-1 MySOL Database

In this project, PHPMyAdmin is used to manage the MySQL database due to
convenience and easier to manage. In PHPMyAdmin, a database is created called
Map_database and a Map tableis created within it. This table contained two fields that are
id and location. Only the value of that two fields have to insert into table. Figure shows the
database on PHPMyAdmin.

Figure 3-6-1 Interface of PHPMyAdmin

Beforeinserting the datainto database using python code, mysgldb library hasto install

by following command.

sudo apt-get install python-mysgldb
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import MySQLdb

db = MySgLdb.connect (' : =t Ay Pl I )
cursor = db.cursor(}
time.sleep(l)
daf insert ta{db,cursor,id,location) :
sqls( , (id,location))
try:
print "
cursor.execute (*=gql)
db.commit {)
print
except:
db.rollback{)
print
raturn
db.close ()

Figure 3-6-2 Python code for connection and execution on database

From the python code above, in order to insert data into database, first step is to
connect to the database. The function of MySQL db.connect() is required input with local
host, database name, username and password to connect database. For the insert_data
function is to pass the data and execute the Structured Query Language (SQL) command
to insert data into database.
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3-6-2 Monitoring system on web page

Map For Mobile Robot Car

[ = [o]
Figure 3-6-3 Interface of monitoring system on web page

Figure above shows the interface of the monitoring system on web page. The code
for this web page is attached at the Appendices. The development of web page design
involved Java Script, HTML and CSS. Web page is used the PHP code access to MySQL
database and AJAX to reload the content. In the web page, it will send HttpRequest to the
server every 0.5 seconds. The request will ook through and execute the PHP code to query
the database, then return back the data into a JSON format. Next, use JSON.stringify() to
convert datainto string. The data in string because it is used to compare with the location
on map, if same the particular location on map will change to green colour to indicate the
current position of mobile robot car, else remain red colour.
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3-6-3 Overall System | nter connection

Figure 3-6-4 Overall system Interconnection
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3-7 Softwar e I nstallation

3-7-1 Set up Raspberry Pi 2 Model B

Requirement

Hardware;

SD card (recommended with type of class 10 and minimum 8GB storage size)
A monitor with aVGA cable (or if needed, an HDMI to VGA adaptor)

A USB keyboard and mouse

Power supply with 5V and 2A

Ethernet cable (optional)

Software:

NOOBS (easy installer of Raspbian)

Steps to set up Raspberry Pi 2 Model B

1.

o b~ w DN

Download NOOBS zip file (easy operating system installer that contains Raspian)
from https://www.raspberrypi.org/downloads/noobs.

Unzip the downloaded NOOBS zip file and extract it.

Copy the extracted NOOBS folder into SD card.

Insert the SD card into SD card slot on Raspberry Pi.

Plug in keyboard and mouse into USB ports and connect to monitor or TV via
HDMI port on Raspberry pi.

Plug in power source for Raspberry Pi.
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7. While booting up, it will pop out awindow for operating system selection. Choose
Raspbian and click “install”.

NOOARS w18 - Bulll: Mar 18 2016

- | @ 4N

Inatall {0 Edw config f=)  OWIR networks (wl Onliee haip thi Bt (Esch

B | Manphuiar [RECOMME NDED) | INSTRLLED] !
A CECTITLLT el pare of Cidusn eele ne e Raspbecy 9
| ‘-. OpenELEC_ AP -
-"‘ DpenELEC s & Fast and uasefrisndly Kol Enlertamment Centei BistFral o
= Dala Partiion -
o Addds an empiy 512MB extd femst partition o the partitlon ot &
DSMC_M2 -
& fask and feature Alled cpen source media center &
Windaws 10 loT Core -
Windows for devices. Enables you to build projects and apps -
Dok space

Mapded: IG1T ME
dvaillnble: 51T W

Langusge (1 | SR Enginh (g =i geyboord (9 g =

Figure 3-7-1 Interface for Raspbian Installation

8. Instalation isrequired to take sometimes to complete.
9. After finished installation, connect the Raspberry Pi to internet via Ethernet cable
or WIFI.
10. Open termina on desktop environment and type below commands:
sudo apt-get update
sudo apt-get upgrade

These two commands is to make sure the software on SD card up to date.
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11. Close the terminal and navigate to “Preferences”, then select “Raspberry Pi
Configuration” and click “Interfaces” to enable VNC, SSH and Camera. Click

“OK?”. Others features remain “Disabled” due to no use.

Raspberry Pi Configuration - =

System ] Interfaces l Performance | Localisation |
Camera: = Enabled Disabled '
S8H: = Enabled Disabled
VINC = Enabled Disabled
SPI Enabled =) Disabled
12C Enabled =) Disabled
Senal Enabled = hsabled
T-Wire: Enzabled =! Disabled
Remote GPIO Enabled = Disabled

Figure 3-7-2 Interface of Raspberry Pi Configuration

12. Apply remote access method to Raspberry Pi to convenience the work |ater.
Download VNC Viewer from
https://www.real vnc.com/en/connect/downl oad/viewer/ and install on PC or
laptop.

13. Get the IP address of Raspberry Pi by typing “ifconfig” on terminal.
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14. Enter IP address of Raspberry Pi on VNC Viewer to make connection. It will pop
out to fill in username and password. The default username is “pi” and password is
“raspberry”. Then, click “OK”.

Note: The default password is generated on the first time, it can be changes after
that.

@

1 andwess nook

i - -

M@ sustenscation

VNC Server TS0 TERELEIC3500

| Lz :I.:\. I
| Panswor l- ---------- - I
L] By i pasisivectind

Canchgrhsase Wisiblin Bama Sait. Mok immon vt

Signature: Bh-98-3-ga- 31 Te-n -7

Figure 3-7-3 Interface of VNC viewer

15. HDMI cable, mouse, and keyboard can remove form the Raspberry Pi since PC or
laptop is take over the control of Raspberry Pi remotely.
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3-7-2 Set up USB WiFi Adapter with Raspberry Pi 2 Mode B

Requirement material:

USB WiFi Adapter (TP-Link 150Mbps WirelessN Nano USB Adapter, model TL-

WN725N isused in this project.)

Since the Raspberry Pi 2 Model B no built-in WiFi, thus only two ways to connect the

internet. First isto connect the internet via the Ethernet port using Ethernet cable. Second

way is to use a USB WiFi adapter via USB port to connect the internet. In this project,
USB WiFI adapter is selected to be used due to more flexibility and wireless.

Steps to set up USB WiFi adapter with Raspberry Pi 2 Model B

1
2
3.
4

. Type below command to open the network interfaces file on Raspberry Pi.

o

Plug in USB WiFi Adapter into any USB ports on Raspberry Pi.
Power up the Raspberry Pi and use VNC Viewer to remote accessit.

Click terminal icon in taskbar on desktop to open.

sudo nano /etc/network/interfaces
Edit the file by adding few line shown on below figure 3-7-4.

nane J&.32.06 File: fetc/netmarks interfaces

Figure 3-7-4 Raspberry Pi network interface file

6. Press Ctrl-x to exit and “Y’ to save the file.

7.

Reboot the Raspberry Pi, type the below command

sudo reboot

Bachelor of Information Technology (HONS) Computer Engineering
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8. Test the WiFi connection on Raspberry Pi. Open terminal and type.

sudo ping —c 5 www.google.com

The above command isto send 5 packets to google and it will return the connection
statistics. If successful ping, result will show as below figure 3-7-5, elseit will pop

the message “ping: unknown host www.google.com”.

P LT & '_-.F'J]::-f'r rypi

pi8raspberrypi

Figure 3-7-5 Ping statistics on terminal
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9. Find the IP address on Raspberry Pi within same network and type.

sudo ifconfig

OXIs] EX:Y- s

0% 0611
I —a
| e

b ket U pbed

o

pLEraspberrypil

Figure 3-7-6 Network status on terminal

From the figure above, the IP addressis located under “wlan0” and find the “inet
addr” (IPv4).
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3-7-3 Installation a web server on Raspberry Pi (Apache, PHP5, MySOL ,
PHPMvyAdmin)
I nstallation steps of Apache HTTP server on Raspberry Pi

1. Before installing the Apache HTTP server, make sure the Raspberry Pi is up-to-
date. Type the below sudo commands on terminal.
sudo apt-get update
sudo apt-get upgrade
2. Oncethe Raspberry Pi is up-to-date, then install the Apache HTTP server.
sudo apt-get install apache?2 apache2-doc apache2-utils
3. Restart the Raspberry Pi after done for installation.
sudo reboot
4. Obtainthe IP address of Raspberry Pi before testing the Apache HTTP server.

sudo ifconfig
Go to “wlan0” and look for “inet addr”, it isan IPv4 address for Raspberry Pi.

5. Apache contains a default HTML page (index.html) located at directory
Ivar/lwww/html/, it is used to test whether server is working properly. Open aweb
browser on Raspberry Pi to access that page and type URL address.

http://local host

OR type IP address of Raspberry Pi.

http://192.168.43.65
6. The HTML page isloaded on browser and same as figure 3-7-7. It means Apache
HTTP server isworking properly, elseit is not working.
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@ Apache2 Debian Default Page

Thas is the default welcome page used to test the corect operation of the Apache2 server after
instaflation on Debian systems. If you can read this page, it means that the Apache HTTF server

instalied at this site is working properdy, You should replace this file (located at
Jvar fwna/heml / Lndex . html) before contimuing to operate your HTTP server.

If you are a normal user of this web site and don't know what this page 15 about, this probably means

that the site is carmently unavailable due to mamtenance. If the problem persists, please contact the
site’s administrator.

Configuration Dverview

Debian's Apached default configumaton is different from the upstream default configuration, and splic mto
several files optimized for interaction with Debian tools. The configuration system is fully documented
in fusr/share/doc/apache2/README.Debian.gz. Refei to this for the full documentation.

Documentation for the web server itself can be found by accessing the manual if the apacheZ-doc
package was installed on this sarver.

The configuration layout for an Apache2 web server imstallation on Debian systems is as follows:

fetc/opochedy
[-- apached. conf
ports. conf
= mods-enobled
f<= *.lLood
i -
- comf-gnabled
- * coaf
- sites-enpbled
“e= *.conf

g iy g oy o, o o,

Figure 3-7-7 Apache2 Debian default page shows on browser
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I nstallation steps for PHP5

1. Install PHP5 by typing the following command on terminal.
sudo apt-get install libapache2-mod-php5 php5 php-pear phpS-xcache
2. Check whether PHP5 isworking properly after installation.
i.  Navigateto following directory.
cd /var/www/html/
ii.  Removetheindex.html file.
sudo rm index.html
iii.  Createafile called index.php.
sudo nano index.php
iv.  Addsome PHP content in thefile.
<?php echo “PHP5 is working properly”; ?>
v.  PressCirl-x to exit and enter Y’ to save the file.
vi.  Open the web browser and type the IP address of Raspberry Pi. The pageis
loaded and display similar to below figureif PHPS installation is successful.

192168 .43 65/image/index. php - Chromium
[ 192.168.43.65/im x g

- C | @ 192.168.43.65

PHPS Is working property

Figure 3-7-8 Content of index.php shows on browser

Bachelor of Information Technology (HONS) Computer Engineering 40
Faculty of Information and Communication Technology (Perak Campus)



Chapter 3: System Design

Installation steps for MySOL database on Raspberry Pi

1. Install the MySQL database, python and PHP binding with database by typing
following command on terminal.

sudo apt-get install mysqgl-server php5-mysgl python-mysgldb
It will pop out the configuration box and prompt to enter a password.

EP piSraspbempe — O e

1 Coatiguring mysqgi-server-5.5 |
Mhtle oot manAstory, iE s Righly rFecrsmended ERAE ST REE 8 passacec]
fos mhe Hy=sgL afmismlaczative "ISoo™ UIErD.

IZF 2his Fiagld fia Icfe Blank, =ha poapresrd G111 pee b Shacises.

Mew passgord for che MySQL “rosc™ user:

Figure 3-7-9 Interface of MySQL database configuration

2. Enter apassword for root — “cheakcsgl123” and hit “OK”.
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I nstallation steps for PHPMyAdmin on Raspberry Pi

1. Install the PHPMyAdmin package by typing following command on terminal.
sudo apt-get install phpmyadmin
2. It will pop out aconfiguration box for phpmyadmin shown on below figure, choose

‘apache2’ and hit ‘Ok’ to proceed to next step.

pi@raspberrypl ~ =
File Fdiir Wiew Search Terominal Heip
Fackage configuration

{ tonfiguring phpnyadmin |
Flease choose the web server that showld be automatically configured to
run phpMyadnin.

Web server te reconfigure autemaotieally:

[ 7 apachez
1 Tighttpd

Figure 3-7-10 Interface of PHPMyAdmin configuration
3. Select “Yes” and hit enter to configure the PHPMyAdmin to connect MySQL.

&1'I$'ﬂ":l|‘_r'!’_‘.|_|' — l b4

| Configuiving phpmmdmin |

The phpmysdmin package most have & database installed and contlgured
bafors it can be paed. This can be cptlionally handled wich
dibtonflg-commen.

IL you arc &n advoncod datakbasc admintstrator and Enow That you waat ©o
peEfoom thlis confiqucation mahnslly, ©F 1f your database has alreody
peen instal ied and confighzed, you shoold refuss chis aption. Decalis
af What needs o b gone should mosE Tikely e provided in

Juar/ahaze  dec/phomyadein.

Ctheryise, you shonld probakly shoose ERis optian.

onfigusre dacabases for phpmysdmin with dboonRCig-comeon ?

< veaa) awes

Figure 3-7-11 Interface of PHPMyAdmin configuration
4. Then, setup configuration tool will prompt to enter a password for a root that is
needed for PHPMyAdmin.
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5. Enter apassword — “cheakcphpl123” and hit enter.
Note: The password is better different from the root password of MySQL.
6. Configurethe Apache HTTP server for use with the PHPMyAdmin.
I.  Open the terminal and type following commands to access the apache
configuration file.
sudo nano /etc/apache?/apache2.conf
ii.  Addthefollowing line at the bottom of file.
Include /etc/phpmyadmin/apache.conf
iii.  PressCirl-x to exit and enter “Y’ to save the file.
iv. Restart the Apache HTTP service by entering following command.
sudo /etc/init.d/apache? restart
7. Check whether PHPMyAdmin is able to access via web browser. Open web
browser and type following URL address.
http://192.168.43.65/phpmyadmin

php
Welcome to phpMyAdmin

Lanpuage

Figure 3-7-12 Interface of PHPMyAdmin on browser

The HTML page as the above figure shows if it is successful to access via web

browser.

Bachelor of Information Technology (HONS) Computer Engineering 43
Faculty of Information and Communication Technology (Perak Campus)



Chapter 3: System Design

3-7-4 Installation and Confiquration for Raspberry Pi Camera
Required material

Raspberry Pi CameraModule V2.1
Ribbon cable

Set up and configuration steps for Raspberry Pi Camera

1. Insert the Raspberry Pi Cameraattached with ribbon cableto CSI port on Raspberry
Pi as shown on below figure 3-7-13.

Figure 3-7-13 Connection of Raspberry Pi 2 Model B and Pi Camera

2. Opentheterminal and type following command to accessthe Raspberry Pi software
configuration tool.

sudo raspi-config
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3. Navigate to “Interfacing Options” and hit “Select”.

File Edit Tabs Help

Figure 3-7-14 Interface of Raspberry Pi software configuration tool.

4. Select “P1 Camera” and hit “Select” to choose the enable or disable options for

camera.

| File Edit Tabs Help

Figure 3-7-15 Interface of Interfacing Option
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5. Click “Yes” to enable the Raspberry Pi camerainterface.

would you Llike the camera interfasce To be enabled?

Figure 3-7-16 Interface for Pi Camera enable option

6. Check whether the cameraisworking properly. Capture an image with the camera
module by typing below command.
sudo raspistill —o image.jpg
7. The captured image is saved on desktop and able to openiit if the cameramoduleis
captured successfully.
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3-8 Stepsto check module and run program on Raspberry Pi 2 Model B

3-8-1 Stepsto check module on python IDLE 2.7.9
1. Open up the written python program by double click on it. It will directly open with
python IDLE 2.7.9. Figure below shows the interface of python IDLE 2.7.9 after

successful open.

runcr py - fhome/pi/Deskiop/runcm.py (2.7.9)
File Edit Fgrmat BRun Qptions Windows Help

serial -
r 4o
£ 0S. S¥s
T ime
picamera -
grtoaols
MySsQLdb

forward = bytearray([255.254.1.0.0.0.32.0.0,0])
left = bytearray([255.254,1.0.32.0.0.0,0,4])
right = bytearray([255.254.1.0,32.0.0.0.0.0])
backward = byle&-l'rdy([2‘55.254,1.U,D,U,JZ.D,D.E]}
Z = bytearray([255.254.1.0.0.0.0.0.32.0])
resetMotor = bytearray([255.254,1,0.0.0.0.0.0,0])
id = 0

ser = serial.Serial( sdev/ttyaMAD’ ., baudrate=115200, parity=serial.PARITY_NOI
f({ser.is0pen{) == False):
ser.opent )

ser.flushInput()
ser. flushOutput()

time.sleep(1) #give connection a second to settle

d
[Lm: 1[Cok 0
Figure 3-8-1 Interface of Python IDLE 2.7.9

2. Go to Run tab, then click on the “Check Module” or using shortcut key “Alt + X”.
This “Check Module” is to check the syntax of the program. It have to save the module
on python IDLE before clicking it, else python IDLE will prompt the user to saveit.
If prompt then click ‘OK’ to save the module. Figure 3-8-2 showsthe “Check Module”
and pop up box for save on python IDLE.
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Desktopfruncmupy (2.7.9)

runcm.py - /homepi

Ele Edt Format Run | Options Windows Help

import serial
import io Python Shell
Import oS, SYS
import Tome IBCE MO O Al
import plamera|gun Module F5

mpert qriools -
import MySQLdb

forward = bytearray([255.254.1.0,0.0.32,0.0.0])
left = bytearray([255.254.1.0.32.0,0.0.0,4])
right = bytearray([255,254,1,0,32,0,0,0,0,0])
backward = bytearray([255.254.1.0.0.0.32.0,0,2]})
z = bytearray([255,254,1,0,0,0.0,0.32,0])
resetMotor = bytearray([255.254.1,0.0.0,0,0.0,0])
id=240

ser = serial.Serial( /dev/ttyalan”, baudrate=115200, parity=serial.PARITY_NOI
ifiser.isbpen{) == False):
ser.open( )

ser., flushInput(}
ser. flushOutput()

time.sleep(1) #give connection a second to settls

Ln: 1|Cok 0
Figure 3-8-2 “Check Module” on Python IDLE 2.7.9
*runcm.py - /home/pi/Desktop/runcm.py (2.7.9)* - O x
File Edit Format RAun Options Windows Help
| import serial
import io
| tmport o5, SYys
| impert time
unport picamera
impart qrtoals

import MySQLdb

I
‘fumarl:l = bytearray([25°

| left = bytearray([255.2 Source Must Be Saved
iright = bytearray([2559.: OK to Save?

| backward = bytearray([2¢

|Z = bytearray([255.254."°

| resetMotor = bytearray(| oK | Cancel |
|1d = 0

|ser = serial.serial( /dev/ttyalAan” ., baudrate=115200, parity=serial.PARITY_NOI
| if{ser.isOpen() == False):

‘ ser.open( )
|

ser.flushInput()
ser. flushOutput()

time.sleep(1) #give connectlon a second to settle :
Ln: &6/Cok 14|

Figure 3-8-3 Save message box on Python IDLE 2.7.9
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3. If program no syntax error, then can run the program. In contrast, user have to resolve
the syntax error before run the program, Below figure 3-8-4 shows program checking

without syntax error.

*Python 2.7.9 Shell*
:Eilu Edit Shell Debug Options Windows Help

Python 2.7.9 (default. Sep 17 2016. 20:26:04)

[GCC 4.9.2] on linux2
Type “copyright”. “"credits" or "license{)” for more information.
e

[

7

[Lr: 4/Col- 4

Figure 3-8-4 Shell window on Python IDLE 2.7.9
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3-8-2 Stepsto run the program on Raspberry Pi 2 Model B

There are two ways to run the python program on Raspberry Pi.

1. Run python program via command prompt.

2. Run python program on python IDLE.

Run python program via command prompt

1. Open the terminal, navigate to the location where you saved the file. This can be

done using cd command.
2. Make the python program in an executable file by entering following command.
chmod 755 your-file-name.py
3. Then, type below command to run the program.

Jyour-file-name.py

Run python program on python IDLE

1. Double click on python program. It will directly open with python IDLE.

2. Go to “Run” tab, and click “Run Module” or shortcut key “F5”. This Run Module
also will do the checking for syntax error like “Check Module”, then execute the
program on Shell window if thereis no error found. From the Shell window, it will
show out the output from the program with the use of print command until the end
of program. Below figure 3-8-3 shows the “Run Module” in python IDLE.

runem py - fhome/pi/Deskiap/muncm. py (2.7.9)

Eilm Edit Format Hun | Options Windows Help

sarial

ia Python Shell

o, =Sy=

t Lme Check Module AltsX
plCameraffgn Module F5
qriecls
MysgLdb

farward = bytearray({[255.254.1,0,0,0,.32.0.0.0])
left = bytearray( [255.254.1,0.32.0,.6.0.0.4])
right = bytearray([255.254.1.0,32.0,0.0.0,0]1)
backward = bytearray([255,.254.1,0.0.0.32.0.0.2]})
Z = bytearray{[255.254.1.0,.0.0.0,.0.22.0])

resetMotor = bytearray([255.254.1.0.0.0.0.0.0.0])

id = D

ser = sgrial.serial( fev/tTyAMAD" . bauvdrate=115200. parity=serial.PARITY_NOI
{ser.isDpen{) == False):

Ser.apen( )

ser., flushInput{)
ser. T lushDutput()

time.sleep(1) Fgive connection a second Tto settle -
[Lr: T]col: o

Figure 3-8-5 “Run Module” on Python IDLE 2.7.9
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3-9 Stepsto oper ate mobilerobot car

1. Omni directional wheel is much easier to slip as compared to normal tire. The dust
on tire or floor that reduced the friction. Therefore, each time for testing or demo,
recommended to clear the dust on tire and floor. For cleaning dust on tire, used the
half wet clothes to wipeit.

2. Plug in power source to the Omni-wheel main board and power up the Raspberry
Pi.

3. Placethe mobilerobot car into preliminary starting correction point as below figure
3-9-1.

Figure 3-9-1 Mobile robot car placed on starting point
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4. Open VNC viewer on laptop. Type username : pi and password : raspberry520.
Click “OK”, it will remote login to Raspberry Pi.

| @
. e
|
| Address hook
4 s : - -

=
| i
| E Aip Laile 1ar=1o

WNC Sereen THRE S
|
| LRI ME l: i l
| - Feeeedd ]
v A

S0

Figure 3-9-2 Interface of Authentication on VNC viewer

5. Open the browser on laptop and type http://192.168.65.43/image/home.html. It
automatically link to aweb page as shown on below figure 3-9-3.

Professional Monitoring System For Mobile

Robot Car

Figure 3-9-3 Interface of Monitoring system on browser
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6. Go to Location tab and click, a monitoring web page shows as below figure 3-9-4.

Map For Mobile Robot Car

nﬂ--- ] BE % a & a m § o~mw .
Figure 3-9-4 Interface of map on browser

Back to VNC viewer, open terminal.

8. Go to desktop by typing below command.

cd Desktop/
9. Type following command to run the python program.
python FY P.py
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10. From terminal window, prompt to key in the path for mobile robot to travel. The
selection for path to travel can be viewed on web page before entering the path.
The figure 3-9-5 shows the commands on terminal.

I 192.168.43.65 (raspberrypi) - VNC Viewer 0 »
sonmsomeTm Tl

Figure 3-9-5 Commands on terminal
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11. Once entered the path, observe the web page to keep track the mobile robot car.
Mo Feor Mebibe Hokeal Car Map Eox Miobile fobot Car Mo Foor Wbisbiifn Flobod Car
Man For Mobile Hobof Car e Fur Mebils Relol Gar hﬁl—@lﬂ

Figure 3-9-6 Trace mobile robot car on browser

12. Once destination reach, terminal window will prompt to key in “Y” or ‘N’ to reset
the path. “Y’ is for mobile robot car travels back to starting correction point,
whereas ‘N’ is for mobile robot car remains at the destination.

13. If *Y’ then al data within database will clear and mobile robot car returns back to

start location, else stop at destination and program terminate.
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Chapter 4 Design Specification

4-1 M ethodology

4-1-1 QR code acts as cor r ection point methodology

Scan QR code Check whether

Mobile robot car armived ——M | symbol at I—"> current position 1s

at comrection point correction point m track

Adjust the position

Moving towards next < Accurate posiion < of mobile robot

correction point car

Figure 4-1-1 System flow of QR code methodol ogy

QR code acts as the correction point is a method to keep track the position of the
mobilerobot car. QR codeisthetrademark for atype of matrix barcode or two-dimensional
barcode which allowed the scanner such as webcam or camera to scan through it. Due to
fast readability of it, mobile robot car that installed raspberry pi camerais able quick to
capture and decode the information or data stored. Thus, in this project, the mobile robot
car will moved towards to the correction point that contained QR code symbol and scan
through it in order to adjust and keep track of the position of mobile robot car. After
adjusted the position, mobile robot is continued moving towards to the next correction

point until it reaches the destination.
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Adjustment Algorithm

17.5 £ L5 cm / 1280pixe]

EE
=

4 £ 0.1 em / 200pixel

(il 67 S w [ F

Figure 4-1-2 Image size for QR code within camera view

PERIOTL W 50 F 5771

The above figure is showed QR code is located at the centre of camera. The red
point that labelled on top left of QR code that is a predefined point. Thus, each time
adjustment, the mobile robot car will move to predefined point, then only adjust the z-axis

to ensure the QR code is perpendicular to the camera view.

Adjustment on X and Y axisalgorithm

17.5 = 0.5 cm / 1280pixel

(495.215]) x-iistance

[

AW P=A

|
3
|

-

Figure 4-1-3 Top left point of QR code different from predefined point
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X - Distance For mula:

x-distance per pixel = % =0.01367

If QR codetop left point, x >= 495:

difference pixel in x-axis = (1280 — 495) — (1280 — x)

else QR codetop left point, x < 495:

difference pixel in x-axis =495 — x

x-distance for adjustment = different pixel in x-axis* x-distance per pixel

Y - Distance Formula:

. . 2.5
y-distance per pixel = 17% =0.01736

If QR codetop left point, y >= 215:

difference pixd in y-axis= (720 — 215) — (720 - y)

else QR codetop left point, y < 215:

difference pixel iny-axis=215-y

y-distance for adjustment = different pixel in y-axis* y-distance per pixel

Bachelor of Information Technology (HONS) Computer Engineering 58
Faculty of Information and Communication Technology (Perak Campus)



Chapter 4: Design Specification

Adjustment on Z Axisalgorithm

17.5 % 0.5 cm / 1280pixe]

| Angle

Adjacent '

| Dpposite |

Figure 4-1-4 QR code shifted at certain angle

Z - Angle For mula:

Let top left point = X, y

Let bottom left point = x1, y1
Opposite=x — x1

Adjacent =y -yl

-1 Opposite
Adjacent

Anglein degree = tan
If Opposite >=0:
move in clockwise direction
else Opposite < 215:
move in anti-clockwise direction
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4-1-2 Prototyping Modé€l

The prototype model is a software development model and developed based on the
currently known requirements. Prototyping is an idea to define the requirements of the
system without the assist of the manual process or existing system. By interacting with
prototype frequently and evaluating on it, the client is better to understand and comprehend
the requirement of the desired system. Besides, development of the prototype is made the
error to be detected much earlier and also getting the feedback lead to a better solution to
improvefrom the current system. Below figure 4-1-5 shows the system flow of prototyping
model.

Start ]
> Fegurement ! > Quick Design | y Bulding
| gathermg Proioivpe
5 T 3
i ; :
,.L op : B idioss Pecducs I* Brfinmng - Customer
Protonype evaluaton

Fraototyping Modeal
Figure 4-1-5 System flow of prototyping model
Explanation for each phase in prototyping mode!:

Requirement Gathering: First stage before a project is started, al the
requirement must be gathered and performed the analysis on the gathered
requirement.

Quick Design: Once the requirement is acquired, a preliminary design for
the system is created. The system is not much in detail, but it included the
important parts of the system which provides an idea about the system
works to user.

Building Prototype: The prototypeis built by getting the information from
quick design and further to modify it. It represented as a foundation design
for the system.
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Customer Evaluation: The prototype is presented to the user and get the
feedback after evaluated. This part considered as a middle stage of
devel opment process.

Refining Prototype: Prototype is refined according to the requirements
from user after evaluated it. Once the prototype that fulfilled the user’s
requirements and satisfied by user, a finalized system is created based on
the final prototype.

Engineer Product: The thoroughly evaluation and testing must be done on
final system. It also to prevent system failures and minimize the downtime

with the help of routine maintenance.

In this project, the first step is to gather al requirement of the project and
anayseonit. The hardware components and software tool s used in this project were
listed down. The datasheet of al hardware components has been studied. Then, a
quick design for the project was developed by drawing out the block diagram,
system requirement and flowchart of the system. Thiswas provided an ideaon how
the system works. After that, aprototype for simultaneous|ocalization and mapping
of mobile robot car was built based on modified from the quick design. Next, the
prototype was evaluated by user to get some feedbacks and suggestions on
improvement. By getting the feedbacks and suggestions from user, the prototype of
mobile robot car was carried to the refining stage, which was to redesign the quick
design of the system and produce the prototype of mobile robot car that fulfilled
the user requirements. If the user satisfied with the last refined prototype of mobile
robot car, then the finalized of prototype was created. Lastly, the mobile robot car

has to evaluate and testing thoroughly to prevent failures and minimize downtime.
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4-1-3 Distances Travelled M ethodology

Since the mobile robot car is travelled from one correction point to another

correction point, there required to measure the distance travelled between it. Mobile robot
car have an encoder that mounted on DC geared motor that to sense the rotation of wheel.
The encoder will generated 390 pulses per revolution. Omni-wheel main board is received
the pulses from encoder and used counter to accumulate it. From that, the number of
revolutions for mobile robot car to travel within two correction points is computed by
dividing the total number of pulses counted with 390 pulses per revolution. Then, the
circumferences of wheel isrequired to compute in order to cal cul ate the distance travel led.
Hence, distance travelled between two correction points is calculated by multiplying the
number of revolutions and circumferences of wheel. The formulato calcul ate the distance
travelled is shown on below.

Distance Travelled Formula:

Total number of pulses counted

Number of luti =
HIMBEr 0T FEVOIHHOnS 390 pulses per revolution

Circumferences of wheel = 2 * 1t * radius of wheel

Distance travelled = number of revolution * circumferences of wheel
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4-1-4 Monitoring System On Web Page M ethodol ogy

Mag For Mobile Robet Car Map Eor Meobile Robot Car Map For Mobils Robol Car

Figure 4-1-6 Tracing process for mobile robot car on web page

Monitoring system on web page approach that is used to keep track the location of
the mobile robot car. It alowed the user to check whether destination is reachable by
mobile robot car. However, there are some requirements in order to achieve the tracking

purpose.

The first requirement is to possess a database system to store the location of
correction point. When mobile robot car reach at the specific correction point, its location
has to insert into MySQL database. Then, for the second requirement is to design a web
page that able to retrieve the data from database and display. The PHP language is used to
retrieve the data from database and pass to web page. Therefore, whenever web page get
the data or location, it will turn the red colour box on web page into green colour to indicate
the current position of mobile robot car. This allowed the user to keep track the mobile

robot car via monitoring system on user-friendly web page.
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4-2 Tools

4-2-1 Hardware Tools
Raspberry Pi 2 Modd B board

GPIO pins

Four USB

P N T T T T I T I s | HE 3
[==5 = n gl -t |
= LT sagbarey M3 wedel B W02 E 1 . i slots
- &) Baighati g I el
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]
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Figure 4-2-1 Raspberry Pi 2 Model B board

Raspberry Pi 3 Model B is equivaent to a mini computer. It has an ARM
compatible processing unit (CPU), on-chip graphic processing unit (GPU), on board
memory range from 256MB to 1 GR RAM. It is required an operating system which is
stored into Micro Secure Digital (SD) card to boot up. The board aso has MicroSD card
dlot, Micro-USB port for power supply, HDMI port for display purpose, audio output jack,
LAN port, four USB ports and forty pin extended GPIO pins. In this project, Raspberry Pi
2 Model B isselected as master board which controlled the slave (Omni-wheel main board)
through UART and aso set up Apache, MySQL server on it. Table 4-2-1 shows
specification of Raspberry Pi 2 Model B.
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SoC Broadcom BCM 2837

CPU 900MHz 32-bit quad-core ARM Cortex-A7
GPU Dual Core VideoCore IV

Board Memory (RAM) 1GB LPDDR2

USB 2.0 port 4

Video output HDMI(rev 1.3 & 1.4)

Ethernet 10/100 Base Ethernet socket

Camera Connector 15-pin MIPI Camera Seria Interface (CSI-2)

GPIO Connector

40-pin 2.54mm (100 mil) expansion header

Memory Card Slot

Micro SDIO

Operation Power

Micro USB socket 5V, 2A

Dimension

85 x 56 X 17/mm

Weight

459

Table 4-2-1 Specification of Raspberry Pi 2 Model B
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Raspberry Pi Camera ModuleV2
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Figure 4-2-2 Raspberry Pi Camera Module V2

The Raspberry Pi Camera Module V2 has a Sony IMX219 8-megapixel sensor
which is enhanced image quality as compared to 5-megapixel of original Camera Module.
The camera works with models of Raspberry Pi 1, 2 and 3. It also supports 1080p30,
720p60 and VGA90 video modes. Besides, it attaches viaa 15 cm ribbon cable to the CSI
port on the Raspberry Pi and it can be accessed through third-party libraries built especially
Picamera Python library. Therefore, this camera module is used to capture the image for
further processing on Raspberry Pi 2. Table 4-2-2 shows the specification of Pi Camera
ModuleVV2.1.
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Still Resolution

8 Megapixels

Video Modes

1080p30, 720p60 and 640 x 480p60/90

Linux Integration

VAL 2 driver available

C programming API OpenMAX IL
Sensor Sony IMX219
Sensor Resolution 3280 x 2464 pixels
Focal length 3.04mm

Size 15x 24X 9 mm
Weight 39

Table 4-2-2 Specification of Pi CameraModule V2
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Omni-Wheel Main Board

Motor Encoder Port

Figure 4-2-3 Omni-wheel main board

Omni-wheel main board is acted as a microcontroller to control the periphera
devices. It equipped with OLED screen and CAN (Controller Area Network). Through
CAN, it able to send instruction to CAN port for control or receive data. Furthermore,
Omni-wheel main board provided support for serial communication, SWD, and 12C port.
5v and 3.3v output pins on Omni-wheel main board can supplier power, but 5v output is
recommended less than 800mA load and 3v output less than 200mA. It also supported
STLINK, JLINK for debugging. Besides, Omni-wheel main board also equipped with a
buzzer, it will alarm when battery voltage lower than 11.1v. Therefore, in this project,
Omni-wheel main board is used to control the DC geared motor mounted quadrature
encoder by connecting to motor encoder port. Lastly, it also acted as aslave that controlled
by Raspberry Pi 2 Model B viaUART.
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Quadrature Encoder on DC Geared M otor
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Figure 4-2-4 Quadrature encoder on DC geared motor and how to work

The quadrature encoder contained two channels output usually denoted Channel A
and Channel B. The pulses in Channel B are coded ninety degree shifted as compared to
Channel A. Omni-wheel main board can be determined the direction of movement by using
phase relationship between Channel A and B. If the pulses in Channel A |eading Channel
B which rotates on clockwise. In contrast, it rotates on counter clockwise. Furthermore, in
general approach, it only detects raising or falling edges of Channel A (or Channel B) to
calculate the number of pulses per revolution. However, it still lack of accuracy. Therefore,
in order to enhance the encoder accuracy, quadruple frequency approach is used. It detects
the both Channel A and B’s raising and falling edges, so that it calculates extra 4 times for

each pulses. The encoder will output 390 pul ses per revolution to Omni-wheel main board.
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Omni Directional Whedl

Figure 4-2-5 Omni directional wheel

Diameter 60 mm

Axial width 25 mm

Whedl Material Aluminium Alloy
Roller Material Rubber

Roller diameter 13 mm

Net Weight 629

Load Capacity 3.5kg

Table 4-2-3 Specification of Omni directional wheel

Omni directional wheels are used in this project. Itswheel is made up by two plate
aluminium alloy omni-wheel that sticked together. This unique design made the mobile
robot car able to roll or move in two directions, horizontal and vertical direction. Besides,
these wheels became more powerful as compared to general wheel that controlled only in

one direction. It also able to attach to the motor as shows on the figure 4-2-5 above.
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DC Geared Motor Mounted Quadrature Encoder

Figure 4-2-6 DC gear motor mounted quadrature encoder

DC geared motor mounted quadrature encoder is used in this project to control the
movement of mobile robot car. Shaft on motor is used to attach with the wheel, thus shaft
caused the wheel to move whenever motor is operated. In addition, quadrature encoder is
used to detect the revolution of the wheel, therefore able to compute the distance travelled
by mobile robot car. Table 4-2-4 shows the specification of DC geared motor.

Rated Voltage 12V

Rated Power 432 W

Rated Current 360 mA
Original Speed 10000 rpm
No-load speed 330+10 rpm
Reduction Ratio 1:30

Output Shaft Diameter 6 mm

Table 4-2-4 Specification of DC geared motor
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Camera Holder

Figure 4-2-7 Camera holder

The Raspberry Pi Camera is used in this project to capture image. Therefore,
camera holder is fixed the position of Raspberry Pi Camera. This is to ensure image
captured clearly instead of blur by reducing the shake action while mobile robot car
travelling. Camera holder also able to adjust the angle of Raspberry Pi Camerain order to

widen or narrow down the view of image.
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USBtoTTL (UART Module) Converter
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Figure4-2-8 USB to TTL (UART Module) Converter

USB to TTL converter provides a seria port connection between host computer
and microcontroller, therefore it can be used for debugging on host computer.
Microcontroller contained UART port can connect to the converter in order to transmit the
bytes or bits data to host computer for further analysis and debugging. Before it can
transmit data to host computer, CH340G driver must install on host computer first, so that
host computer can recognizeit.
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150M bps Wireless N Nano USB Adapter (TL-WN725N)

Figure 4-2-9 150Mbps Wireless N Nano USB Adapter (TL-WN725N)

In Raspberry Pi 2 Model B, there is no built-in WiFi inside. Therefore, External
WirelessN Nano USB Adapter is selected to usein this project to connect to internet. This
adapter is smaller in size and possessed a high-performance in wireless speed. Table 4-2-5
shows the specifications of Wireless N Nano USB Adapter.

Interface USB 2.0

Antenna Internal antenna

Wireless Standards |EEE 802.11b, IEEE 802.11g, IEEE 802.11n

Frequency 2.4000 to 2.4835GHz

Wireless Security Supports 64/128 WEP, WPA/WPA2, WPA-
PSK/WPA2-PSK (TKIP/AES), supports IEEE
802.1X

Weight 219

Dimensions 18.6 x 15x 7.1mm

Table 4-2-5 Specification of 150Mbps Wireless N Nano USB Adapter (TL-WN725N)
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Pineng Power bank (PN 958) 10000mAh

Figure 4-2-10 Pineng Power bank 10000mAh

Power bank is used in this project is to act as power supply for Raspberry Pi. It
outputs 5V with 2.1A that is sufficient to operate the Raspberry Pi connected via Micro
USB. ItisaLi-polymer battery and has 10000mAh for battery capacity. Table 4-2-6 shows
the specification of Pineng Power Bank.

Capacity 10000 mAh

Input 5V 2A (Micro USB)
Output 5V 2.1A and 5V 1A
Battery Type Lithium Polymer
Working Temperature -10 to 45 degrees Celsius
Indicator Light for Battery Usage Yes

Dimension 150.5x 77 x 11.8 mm
Net Weight 224 ¢

Table 4-2-6 Specification of pineng power bank
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Rechar geable Lithium Battery

Figure 4-2-11 Rechargeable Lithium Battery

The rechargeable lithium battery is used as power source to supply the DC geared
motor. Since the rated voltage for the DC geared motor is 12V, thus it can output 11.1V
and sufficient to operate the motor. It has 3000mAh for the battery capacity, discharge rate
is 25C and rechargeable capability.
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Acrylic Chassis

Figure 4-2-12 Acrylic Chassis

The acrylic chassis is adopted to house the hardware components. This chassisis
designed to possess holes, it is alowed to lock the position of hardware components by
using screw. Besides, it also possessed the extendibility with second or third level of acrylic
chassis. In this project, two level of acrylic chassis is used to house the hardware
components and fixed the position of the wheels.
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DC Geared Motor Bracket

Figure 4-2-13 DC geared motor bracket

In this project, DC geared motor bracket is used to hold the DC geared motor and
fix the position on acrylic chassis through using screws and nuts. Thus, it enables the
movement of mobile robot car.
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4-2-2 Softwar e tools
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Figure 4-2-14 Interface of Python IDLE 2.7.9

Python IDLE 2.7.9 is a software where alowed to write the code by using python
programming languages. It is supported by Raspberry Pi 2 Model B. Thus, it is selected to
program into mobile robot car.
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MiniBalance V3.5

-

WOZFE s AlFanE: L4 g s IR ERES kL ¥: s} o EUEFE FEth2E

Figure 4-2-15 Interface of MiniBalance V3.5

MiniBalance is a window form application that for data analysis and debugging
purpose. It isfreeinstallation and right click as administrator to runit. It hasto set the baud
rate to 128000 for ready to receive data transferred from microcontroller. In speed mode,
MiniBalance is displayed target and real-time speed for three motors. Whereas in position
mode, it is to display target and real-time position for three motors. Therefore, by setting
the value of PWM, it able to observe the real-time speed for each motor on MiniBalance
window. Once speed of motor retrieved, the distance travelled by mobile robot car can
computed also.
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MySOL database

In this project, adatabase system isrequired to support mobile robot car monitoring
system on web. Therefore, MySQL is selected as a database system because is an open
source database that ease to use, reliable and high performance. It is required to run on a
server. Besides, MySQL also used the Structured Query Language (SQL) to createthetable,
perform query and so on. Through the SQL, datafrom the Raspberry Pi isableto storeinto
database and retrieve it whenever datais needed.

PHP

PHP is an acronym for “Hypertext Preprocessor”. It is a severer-side scripting
language and making for dynamic and interactive web pages. PHP scriptsare only executed
on the server. PHP also is an open source and selected it to usein this project. It isused to
interact with database. For example, PHP script query the MySQL database to retrieve the
location point and post it to HTML for displaying purpose. The PHP not only to read the
data, but also allowed to delete, modify datain database on server.

PHPMvyAdmin

For convenience purpose, PHPMyAdmin is selected to use in this project. It is a
free software tool written in PHP to handle the administration of MySQL over Web. It has
user interface that allowed to perform all operation like SQL such as create, delete, add and
so onto MySQL database. So that, it ismaking the management for database became easier
as compared by writing SQL statement.

ApacheHTTP Server

Apacheisan HTTP server that to serve the web pages. Sincein this project, HTML
and dynamic web pages using PHP scripting language are designed for the mobile robot
car monitoring system, thusit required a server that to serve both web page that is Apache.
This Apache HTTP server has been installed on Raspberry Pi.
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4-3 Reguirement

Thetable 4-3-1 shows the components are required for this project.

Components Number of components
Battery (11.1V) 1
Power Bank (5V, 2A) 1
DC Geared Motor Mounted Quadrature Encoder 3
External USB WIFI Adapter 1
Omni Directional Wheel (60mm) 3
Raspberry Pi 2 Model B 1
Omni-Wheel Main Board 1
Pi Camera Module 1
Camera Holder 1
B3 Charger 1
Micro USB cable 1
Acrylic Chassiswith holes (2 Layers) 2
M 3*10 Copper Pillar 4
M 3*60 Copper Pillar 6
Steel Motor Bracket 3
Screw For Copper Pillar 20
Screw For Bracket 30
Nut For Bracket 30

Table 4-3-1 Requirement for required components in this project
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Requirement for Raspberry Pi 2 Modd B

Operating Voltage 5V and 2A
Operating Temperature -40 to 85 degrees Celsius
Operating System Raspbian

Minimum SD Card Memory Storage 8GB recommended (4GB is not advisable as OS
required around 3 to 4GB)

Communication Protocol UART

Baud Rate 115200bps

Table 4-3-2 Requirement for Raspberry Pi 2 Model B

Requirement for External USB WIFI Adapter

Module TP Link TL-WN725N 150Mbps Wireless N
Nano USB Adapter

Connection Connect via USB port

Driver TL-WN725V V2 (Linux OS)

Table 4-3-3 Requirement for External USB WIFI Adapter

Requirement for Omni-Whedl Main Board

Operating Voltage 11.5to 12V

5V Pin Output 5V but not over 800mA load
3.3V Pin Output 3.3V but not over 200mA load
Communication Protocol UART

Baud Rate 115200bps

Table 4-3-4 Requirement for Omni-wheel main board

Bachelor of Information Technology (HONS) Computer Engineering 83
Faculty of Information and Communication Technology (Perak Campus)




Chapter 4: Design Specification

Requirement for DC Geared M otor

Rated Voltage 12v
Rated Current 360mA
Speed Control PWM (10KHz)

Table 4-3-5 Requirement for Dc geared motor

Reguirement for Quadrature Encoder

Operating Voltage 5v

Table 4-3-6 Requirement for quadrature encoder

Requirement for Rechargeable Lithium Battery

Voltage 11.1-12Vv

Table 4-3-7 Requirement for rechargeable lithium battery
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Chapter 5 Implementation And Testing

5.1 Experiment
5.1.1 Experiment On Before And After Adjustment On Each Correction Point

Some of the experiments were conducted to ensure the result of this project. The
target of this project is to allow mobile robot car to travel from starting correction point
until destination. However, the amount of times that able the mobile robot car to travel
until destination which has to concern about. Therefore, the first experiment that carried
out was before and after introducing the adjustment on each correction point, the distance
between each correction point was 60 cm. In the experiment, afixed path was selected to
allow the mobilerobot car to travel, it required to travel from starting point until destination
and return back. After that recorded down the amount of times that mobile robot car able
to travel with and without position adjustment on each correction point. Below figure

shows the selected path used in experiment.

Map For Mobile Robot Car

Figure 5-1-1 Selected path used in experiment

Bachelor of Information Technology (HONS) Computer Engineering 85
Faculty of Information and Communication Technology (Perak Campus)



Chapter 5: Implementation And Testing

Since the mobile robot car stops at each correction point, this caused the position
of mobilerobot car shifted dueto friction problem. The shifted position was called an error.
This error was accumulated along the pathway. Thus, by introducing the position
adjustment for mobile robot car on each correction point before it move to next. The
accumulated error was reduced and improved the performance of mobile robot car
especially the amount of timesfor mobile robot car to travel. The table below shows before

and after the adjustment on mobile robot car.

Amount of timestotravel | Accuracy

Befor e adj ustment 1 -

After adjustment More than 10 times 10 times more accurate as compared to

without adjustment

Table 5-1-1 Result of before and after adjustment on each correction point

After the position adjustment for mobile robot car on each correction, the amount
of times to travel was increased sharply which was mobile robot car able to travel more
than 10 times without out of track as compare to the without adjustment. Besides, the error
accumulated along the pathway also reduced due to adjustment. From the experiment, the
position adjustment on each correction point that was a key to improve the performance of

mobile robot car particularly in amount of timesto travel.

Bachelor of Information Technology (HONS) Computer Engineering 86
Faculty of Information and Communication Technology (Perak Campus)



Chapter 6: Conclusion

5.1.2 Experiment On Speed Of Mobile Robot Car

In this experiment, it was to test with various speed for mobile robot that suitable

to adapt the position adjustment algorithm applied. Therefore, the track was used back as

same as previous experiment, but just changed the speed of mobilerobot car to test it. Table

5-1-2 shows the speed and result of adaptability for position adjustment.

Speed

20 cm/s

25 cm/s

30 cm/s

35cm/s

40 cm/s

Adaptability of position

adjustment

Yes

Yes

Yes

Yes

No

Table 5-1-2 Speed and result of adaptability of position adjustment

From the experiment, it can be concluded the maximum speed of mobile robot car

used to adapt the position adjustment was 35 cm/s. In another way to say that was the speed

below 35 cm/s that suitable for mobile robot car to adapt position adjustment. This is

because the speed of mobile robot car and surface friction have the indirectly relationship.

The surfacefrictionisaforcethat affectsthe motion of mobile robot car, whereas the speed

that affects the speed of spinning the wheel on mobilerobot car. Dueto the wheel of mobile

robot car touched on the surface, the speed of mobile robot car against the surface friction

will affects the motion of mobile robot car. Thus, whenever the speed of mobile robot car

increased, the position of mobile robot car is shifted more and caused the error accumul ated

whiletravelling, eventually the position adjustment failed to apply. In contrast, if decreased

the speed of mobile robot, the error accumulated become lesser, the position adjustment

ableto apply.
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Chapter 6 Conclusion

In conclusion, the problems existed on mobile robot car that used the old-line
following method are encountered by factory and caused to reduce the productivity and
efficiency. These problems such are the guided line track eliminated gradualy, low
accuracy of tracking method and high error rate accumulated while travelling. Thus, it will
lead to a poor performance of the mobile robot car especially in movement response. This
also areason to develop this project to further improvement from that by introducing new
method which is QR code as correction point method. This project is separated into Final
Year Project 1 (FYP1) and Fina Y ear Project (FY P2) to complete.

In FYP1, al the hardware components that required for the project was bought and
being tested with some basics coding to ensure the hardware components are functioning
and working properly. Some of the objectives have been achieved which were developed
afour wheel mobilerobot car, applied straight algorithm to mobile robot car, and computed
the distance travelled between two correction points. However, four wheel mobile robot
car was found out that difficulty to control the direction of movement such as turn left,
right and certain angle. Therefore, Omni-wheel mobile robot car was selected to replace
the four wheel mobile robot car. This is because Omni-wheel mobile robot car is much
easier to control the direction as compared four wheel mobile robot car. The Omni-wheel
mobile robot car made to save cost due to three wheels and motors to be operated. So,
Omni-wheel mobile robot will be focused on FY P2 in order to complete the project.

In FYP2, the project is continued with the new Omni-wheel mobile robot car.
Therefore, the first objective which three wheeled omni-directional mobile robot car is
capableto keep track of the distance travelled from one correction point to another by using
guadrature encoder mounted on DC geared motor is achieved. However, the error of
distance measured with this approach is becamelarger when robot travelsfor long distance.
In addition, the mobile robot car is ableto travel from starting point to destination through
capturing QR code placed on fixed position along the pathway. The camera attached on
mobile robot car is able to capture QR code and decode it to retrieve its location point, at

the same time allowed the mobile robot car to decide the direction to move. However, if a
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lot of dusk sticks on QR code symbols will make camerato capture an unclear image and

lead to decode failure.

Furthermore, mobile robot car is able to perform the adjustment on each correction
point whiletravelling to ensureits position accurately. Thisis because each timefor mobile
robot car will stops at correction point, thus its position will shift a bit depends on
magnitude of friction. The larger the magnitude of friction, the more accurate for position
of mobile robot car. Moreover, online database MySQL is created to store the location
point of QR code in coordinate form. Therefore, whenever the mobile robot car is decode
the QR code at correction point, it will automatically to insert its location into database. It
able to keep track the travelled path of mobile robot car. For monitoring purpose, a user-
friendly web page isdesigned for user. Theweb pageisto show the path travelled of mobile
robot car by retrieving datafrom database. Thisuser interface allowed the user convenience
to keep track on web page instead of on database.

6-1 Future Work
For further devel opment, there are someimprovement from this project can be done.

The first improvement is to replace the Pi Camerawith QR code scanner. The Pi Camera
is required mobile robot car to stop, then took some time to capture the image and decode
the QR code image with an algorithm which resulting in slow speed of mobile robot car.
In contrast, for dedicated QR code scanner has a faster decoding speed as compared to Pi
Camera. Thus, the mobile robot car no needs to stop and continue to move. This will
improve the performance by increasing the speed of mobile robot car. Furthermore,
obstacle detection can be apply in mobile robot car. The ultrasonic sensor can be installed
on the mobile robot car for detection. Therefore, whenever it detects the surrounded object
with acertain distance, the mobile robot car will stop. Thisisto avoid the collision between

object and mobile robot car.
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