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ABSTRACT

Text entry system can be found commonly in modern computer and mobile devices
such as smartphone and tablet. Despite this, these text entry systems are not easily
accessible by handicaps. The major problem with the normal text entry system such as
the “QWERTY” keyboard, it would be very difficult for the handicaps to input the keys.
To use an ordinary keyboard, major hand movement is needed for them because the
keyboard contains over a hundred keys. They might have to move across the keyboard
to enter the desired keys. Hence, the usage of a keyboard for the handicaps is not
recommended especially for those who suffered from motor disabilities.

A new wireless-based text entry system is described in this research to help the
handicaps to ease their lives and input text faster. This new text entry system will be
much smaller than the traditional keyboard. In addition, this system would be designed
to be portable, lightweight, long operating hour and user-friendly. Besides, this system
enables the handicaps input text efficiently with minimum hand movement. Besides,
the handicaps will only require one hand to hold the equipment and one finger to
interact and to input text.

This equipment will be built using the Printed Circuit Board (PCB), the Arduino Uno
board (CT-UNO) and a Bluetooth module. PCB is used instead of using breadboard is
to keep the device with the minimum wires. Besides, the Bluetooth is used to ensure
the device can communicate to the computer wirelessly.

The algorithm used in this text entry system is Press-Drag-Release algorithm where the
user first pressed on the infrared text entry board, then the user drags the finger around
the board to choose the letter and then release. Next, the respective letters will be printed
on the computer. As a result, the user only needs to perform 3 steps to input a letter.
Apart from inputting letter to the computer, the text entry system is also a combination
of keyboard and mouse where the user can use the text entry system as a mouse and
navigate through the computer like the ordinary mouse.

The average entry rate of this text entry system is about 5 WPM. The result is better
than some of the system that designed for the handicapped.

Vi
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Chapter 1: Introduction

CHAPTER 1: INTRODUCTION

Rapid growth in ICT causes a great demand for digital devices such as
smartphones, tablets as well as desktop PC and laptop (Panwar, Sarcar, and Samanta,
2012). To interact with those devices, we need text entry systems such as keyboards.
Generally, there is a lot of modern text entry system invented to ease our life. The most
important matter to be concerned when user input text into a computer is they must
have the ability to type speedily and precisely (Clawson et al., 2005). Currently,
keyboards provide the most common way to communicate with computers. The most
popular keyboard is the “QWERTY” keyboard (Noyes, 1998). This text entry system
can be used on both mobile devices and computer. For example, a “QWERTY”
keyboard is commonly used in computer and for mobile devices, a virtual “QWERTY”
keyboard on a touchscreen is used. Unfortunately, this text entry system may become
an obstacle for the handicaps to interact with devices (Fu and Ho, 2009). A handicapped
person would be able to use the “QWERTY” keyboard, but it would be very difficult

for them to enter the keys.

1.1 Problem Statement and Motivation

Handicaps may find difficulties such as they may take a longer time to input
when using the traditional text entry system such as using the “QWERTY” keyboard.
By using this type of keyboard, they have to move their fingers across the keyboard and
enter the words they want. They will feel tired as their fingers will feel fatigue and give
up on typing easily. Unfortunately, input devices that are specially designed for
handicaps will be expensive and they will not be able to afford the devices. A new text
entry system is needed to help them and solve the problems they are facing. To solve
this problem, a new text entry system is proposed to help the handicaps to input text
more easily and efficiently. Besides, the system will be developed using low-cost
components. The system will be a wireless-based system to make the system more

portable and easy to use.
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Chapter 1: Introduction

1.2 Background Information

1.2.1 Typewriter
A typewriter is an ancient text entry system used between the 1870s and 1980s.

The typewriter has a “QWERTY” layout just like the modern keyboard. The typewriter

is shown in Figure 1-1 below.

Figure 1-1: The typewriter

The typewriter was a success text entry system because small companies were
transforming into large companies during the late 19" century, which results in a
demand for enhanced communications (I. Scott MacKenzie and Tanaka-Ishii, 2007).
Typing errors are one of the biggest issues in the typewriter. One of the drawbacks of
using a typewriter is you cannot erase what you have written easily. But, there are some
workarounds to solve this problem such as using a special eraser to rub off the mistakes,
correction fluid or use a typewriter equipped with an auto-correction feature which can
remove mistakes made when users clicked on the auto correct button (Chris Woodford,

2016).
1.2.2 Standard 101/104 keys “QWERTY” keyboard

“QWERTY” keyboard is a very common keyboard used as a text entry system
for computers. This keyboard layout was duplicated from the typewriter (I. Scott
MacKenzie and Tanaka-Ishii, 2007). The “QWERTY” keyboard is shown in Figure 1-
2 below.

BIT (Hons) Computer Engineering
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Chapter 1: Introduction

QWERTY KEYBOARD
T BEEEEEL LT I oo
Tab (@ W I[E |[R [T |Y [U |1 |Oo]P f } {
caps AFISPFEH]Y KTt Enke
st |2 (X [C [V BN M >7 Shit
Ctrl Alt Alt Ctrl

hitp/Avww.computerhope.com

Figure 1-2: The “QWERTY” keyboard layout

There are many types of “QWERTY” keyboard such as the multimedia
keyboard, wireless keyboard, gaming keyboard and etc. Multimedia keyboards come
with additional keys compared to ordinary keyboards such as volume control and mute
buttons, application launch buttons. For wireless keyboards, it is the same as ordinary
keyboard except it is cordless. Users will just have to plug in a receiver on the computer
side and they can start to use the keyboard. Gaming keyboards are usually designed for

users who like gaming.

1.2.3 The 12-Key Keypad for Mobile Phone

Nowadays, most smartphones have one thing in common — a touchscreen
capable of detecting multiple inputs at once. Touchscreen with a virtual keyboard
enables users to type quickly and efficiently. But for older phones with no touchscreen,
users will have to depend on the 12-Key Keypad for text entry. The layout of the 12-
Key keypad is shown in Figure 1-3 below.

Figure 1-3: The 12-Key keypad on a mobile device
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Chapter 1: Introduction

This 12-Key keypad gives a unique challenge to users for text entry because
nearly all languages have almost 26 characters (I. Scott MacKenzie and Tanaka-Ishii,
2007). To enter text using the 12-Key keypad, each key is entered one or numerous
times to determine which character is needed by users. For example, the user wants to
enter a string “keyboard”, the user first need to press key 5 for 2 times, key 3 for 2 times,
key 9 for 3 times, key 2 for twice, key 6 for 3 times, key 2 for once, then key 7 for 3
times, and finally key 3 for once to complete the string “keyboard”. Hence, the typing
speed for this tapping method is quite time-consuming.

Fortunately, there is another better method named as “predictive” method, to be
used with this 12-key keypad, rather than tapping the same key multiple times. The
most famous predictive method is the T9 by Tegic. By using T9, the user would only
have to tap once for each and every character, then all the recommended strings will be
shown based on the phone’s dictionary. For example, the user wants to type “keypad”,
the user would only have to tap key 5, key 3, key 9, key 7, key 2, and key 3, all keys at
once and the user chooses the word needed from all the recommended strings. This
method is more time saving compared to the previous method. However, there are some
drawbacks to using this predictive method. One of the drawbacks is the fluency of
typing. If the word needed by the user is not in the dictionary, then the user may have
to change back to the tapping method.

1.2.4 Speech-to-Text

Speech recognition has achieved significant research concern as most users can
speak more quickly than they write (I. Scott MacKenzie and Tanaka-Ishii, 2007). Error
corrections are crucial in speech-to-text. The speed of speech-to-text is slow due to if
users keep correcting mistakes in dictation through the speech. In the Karat et al. (1999)
study, the traditional keyboard-mouse combination text transcription speed is at 33
words per minute, which was faster than the text-to-speech that is about 14 words per
minute. Speech-to-text can help those users who suffer from physical impairment, as

an alternative way to replace the keyboard.
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1.3 Project Scope

The goals of interaction design are taken into consideration when designing a
product. There are 6 usability goals in total which are effective to use (effectiveness),
efficient to use (efficiency), safe to use (safety), have a good utility (utility), easy to
learn (learnability) and easy to remember how to use (memorability) (Sharp et al., 2007).

In this system, usability goals such as effectiveness, efficiency, safety,
learnability, and memorability are taken into consideration. The proposed text entry
system must solve the text entry problem faced by the handicaps effectiveness. The
input device must be efficient to use so that the handicaps can use the device without
facing any difficulties. Besides, the safety of the handicaps is an important factor that
needed to consider when developing the system. The device must be safe to use to avoid
any unwanted accident from happening.

The system must be easy to learn and adapted by the handicaps. The input
device is a 9-key input pad with the arrangement of 3 x 3 grid which makes the
handicaps more easily to enter texts. Due to the small grid of arrangement of the
keyboard, usability goal memorability is achieved. The users will only need minor

memorizing to remember how to use this new text entry system.

1.4 Project Objective

At the end of this final year project, a new text entry system will be proposed to
help the handicaps to enter texts more efficiently. This project will develop a hardware
which is a low-cost input device and a software which is the GUI for this text entry
system. The objective of this project is to provide a suitable and low-cost text entry
system for the handicaps to let them communicate simultaneously with others without
letting them feel like they are being left out or abandoned.

Sub-objectives:
e Portable — Can bring the device to anywhere and start using it.
e Lightweight — The device must be not bulky.
e Long operating hour — The device must be able to operate for longer hours. No
need to charge so frequent.
e Wireless connection — Reduce the number of wires. The increasing number of
wires will cause the device to become more complex.

e User-friendly — Need only minor instruction to operate the device.
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However, this new text entry system is only suitable for handicaps who suffered
from minor motor disabilities. To use the input device, minor hand movement is needed.
Hence, handicaps with severely physically handicapped people are not advised to use
this text entry system. However, the handicaps with vision impairment can still utilize

this system as they can memorize the keypad pattern on the input device.

1.5 What Have Been Achieved

The text entry system is capable of typing 26 alphabets in uppercase and
lowercase. To enter the alphabets in uppercase, the ‘Caps Lock’ and ‘Shift’ function
are provided. Besides, it can be used to input numbers too. Other than typing alphabets
and number, this system can be used to ‘Select All’, ‘Copy’, ‘Cut’, ‘Paste’ the text like
the ordinary keyboard. If the user mistyped a character, ‘Backspace’ function is
provided to remove wrongly typed characters. Furthermore, ‘Tab’ key and the ‘Space’
key are provided too for the user to insert spaces between the words. If the user wants
to input a carriage return, the ‘Enter’ function is provided to enter a newline.
Punctuations such as comma, period, exclamation mark, question mark, plus sign,
minus sign and slash can be inserted with this text entry system.

Apart from the text entry function, the system is able to simulate like a mouse
device. After choosing the mouse function, the system can be used to move around the
mouse pointer of the computer. Besides, the ‘Left Click’, ‘Right Click’ and ‘Middle
Click’ function are provided so that the user can use this system as an alternative to the

mouse device.

1.6 Impact, Significance and Contribution

This project develops a new wireless-based text entry system for handicaps to
improve their text entry experience. In addition, this project will make the handicaps’
life easier by introducing them a new text entry system that is specially designed for
them. The system consists of 2 parts which include hardware and the software GUI.
The hardware which is the input device is designed as small as possible to let the user
can easily hold the input device and operate with one hand only. For the hardware
implementation part, the developed hardware is for the user to hold and do the text entry
process and then send the text entered by the user wirelessly to their computer or laptop.
Then, the software implementation part will take place on the user’s computer and

interprets the text entered by the user and show it on the computer.
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Besides, this project can contribute to the handicaps to increase their
productivity. Some of the handicaps work in companies which they need to do word
processing. With this new text entry system, they can complete their job faster and
efficient. Next, the innovation of this project is the input device of the system is wireless
based, which means they can bring the device with them everywhere and start to type

wirelessly.

1.6 Report Organization

The details of this research are shown in the following chapters. In Chapter 2,
some reviews are made, and some comparison of previous works are done in this
chapter. Besides, the designs of the text entry system and the GUI program are
discussed in Chapter 3. Then, Chapter 4 discussed the methodology of this research and
the tools used in this research. Furthermore, Chapter 5 discuss the implementation and
testing of the text entry system to test whether the system functions as expected or not.
Lastly, Chapter 6 discuss the conclusion of this research such as the project review,

novelties, limitation of the system and future enhancement.
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CHAPTER 2: Literature Review

There are many researchers work hard in implementing a new text entry system
for the handicaps. Some of the research papers will be discussed and the advantages
and the disadvantages of the systems will be compared as well.

2.1 Text Entry System Based on a Minimal Scan Matrix for Severely Physically

Handicapped People

This aim of this research is to let the users which are physically handicapped to
connect and communicate with other people (Mir6 and Bernabeu, 2008). Besides, this
research describes a switch-based text entry method for handicaps to use with minimal
of training and loads.

2.1.1 The Design of the System

This system is based on a 2-cell only scan matrix. The first cell contains
alphabets in alphabetical order from the character ‘a’ to character ‘m’ while the second
cell contains alphabet from character ‘n’ to character ‘z’. During the first stage, the
automatic scan method is used to scan through the cells. The user needs to press the
switch provided when the alphabet needed is highlighted. The design of the system is

illustrated in Figure 2-1 below.

[a b Jc Jd Je Jf Jg [h Ji Ji Jk Ji [m ]
First cell

[n o Jp Ja [r s Jt Ju [v [w [x Jy [z |
Second cell

Figure 2-1: 2 cells consisting of the ‘a’ to ‘z’ alphabets
The second stage starts right after the first stage ends. The cell that contained
characters are shown in statistical order using the 4-gram linguistic model, hence,
previous characters are taken into consideration. When a long press in the character of

a word during the first stage is detected, space will be added.

Normal Unigrams  (1- | Bigrams (2- | Trigrams (3- | 4-gram

sentence gram) gram) gram)

Honesty is the | Honesty, is, the, | Honesty is, is | Honesty is the, is | Honesty s
best policy best, policy the, the best, best | the best, the best | the best, is the

policy policy best policy

Figure 2-2: Example of N-gram Linguistic Model

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR.



Chapter 2: Literature Review

2.1.2 Advantages and Disadvantages

Advantages

Ease of use

One of the usability goals in Human-
Computer Interaction. The users do
not need extra knowledge to use this
system.

Faster scan rate

The system scan through each cell

with a scan rate of 0.5 seconds.

Expensive equipment is not
required
Only low-cost hardware such as

switches

Disadvantages

Takes longer time

The users have to wait until the
desired character is highlighted, then
the user only can choose the
character.

No additional keys

Keys like punctuation, number keys
and function keys such as delete,
insert and others cannot be entered

into this system.

Table 2-1: The advantages and disadvantages of the minimal scan matrix system

2.1.3 Comparison with the proposed solution

The time needed to enter a character varies with different characters. If the user

wants to enter character “A”, he can enter the mentioned character quickly since the

mentioned system above uses automatic scanning method that will scan through the 2

columns consists of 26 alphabets, starts from character “A”. If the user wants to enter

character “Z”, he will have to wait until the automatic scanning method scan until the

character “Z”, then only he can enter the character. Unlike the proposed solution, the

time to enter a character is almost the same with different characters since it does not

use the automatic scanning method.
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2.2 Using a Game Controller for Text Entry to Address Abilities and Disabilities

Specific to Persons with Neuromuscular Diseases

In this research, a game controller is used as an input device to become an
alternative text entry system for people with the neuromuscular disease (Felzer and

Rinderknecht, 2011). The chosen game controller is illustrated in Figure 2-3 below.

front 1.=-a'rf'_ﬂ_-‘_ _ m m L 1

®@® [ N N ] 2
o -i?,
4
5

top view

Figure 2-3: The game controller used in the text entry system
1 = trigger buttons; 2 = action buttons; 3 = mode button
4 = shift button; 5 = 8-way D-pad

2.2.1 The Design of the System

The software design of the system is shown in Figure 2-4 below.

Figure 2-4: Eight-by-six grid showing characters that can be selected (left) and
indicators for the buttons for the left and right thumbs (right)
The software GUI shows an on-screen keyboard, letting the user pre-select one
of the 8 rows using the D-pad and press the corresponding character the user wants

using the 6 action buttons on the right. After that, the character is written.
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2.2.2 Advantages and Disadvantages

Advantages

Time-saving

The user will only have to move the
D-pad and choose the character they
want.

Less exhausting

The user feels less tired after using

this text entry system.

No need to design and build new
equipment

This system uses an end product as a
device to create a new text entry

system.

Disadvantages

Expensive equipment is required
A game controller is relatively
expensive and may cause the users
cannot afford to buy the equipment
Need to get familiar with the
system

The user may need to learn how to
use the system.

Less additional keys

Only a few punctuation keys can be
entered

Function keys such as delete, insert
and others cannot be entered into this

system.

Table 2-2: The advantages and disadvantages of using a game controller for a text
entry system

2.2.3 Comparison with the proposed solution

The mentioned system above may need the user to memorize and learn how to
use the system. Besides, the user may need to hold the equipment using both their hands.
This may cause the handicaps user feel fatigue after holding for a long time. Unlike the
proposed solution, the user needs only one hand to hold the equipment and starts typing.
Besides, the proposed solution is easier to use compared to the mentioned system above.

The user can enter text easily using the proposed solution.
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2.3 BrailleKey: An alternative Braille text input system

Braille is a system of raised dots on paper describe the alphabet letters that used
by the blind people in order to read the letters. They use their fingertips to feel the raised
dots and read the paper (Groups and Cell, n.d.). The Braille alphabets and numbers are

shown in Figure 2-5 below.

Braille Alphabet:

® [0 |[eo 00| o0 o0 0o e o
® ® oo (o9 000 (00

a b d e £ g h 1 j

e @ |[eo|oe|e oo eoe|e e o
L ] ® o ° |(oeo|0oe e (00

® (® | @ (& (@ (& (& (& o

k| i o & Ppog E & it

e o icicic

e |ee o e

o000 o 00 (00 o0

u v w x y z

( X & *9® @

e o 00| o/0e o

o , - . 7 Capital

Numbers:

o o0 (@ (oo o0 e 00 000 ®
.=.. L ] ® oe® oo o e

Figure 2-5: The Braille alphabets and numbers
2.3.1 The Design of the System

This research is about implementing the Braille system into touch-screen
enabled smartphones such as iOS and Android devices — BrailleKey (Subash et al.,
2012). The layout of the BrailleKey application for smartphones is shown in Figure 2-

6 below.
m

Figure 2-6: The layout of BrailleKey
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The left button represents the left side of the Braille character while the right
button represents the right side. A single click of the left or right button triggers the first
cell of the Braille character. A double-click of the left or right button triggers the second
cell of the Braille character while a long hold of the left or right button triggers the third
cell of the Braille character.

Besides, a single click of the enter button inputs the text while double click on
the enter button inserts a space character. The user can delete a last entered character
by tapping the delete button once.

A tap of the volume key of the smartphone replays everything that has been
typed using the speakers of the phone to ensure that there is no error committed.

2.3.2 Advantages and Disadvantages

Advantages Disadvantages
e Voice feedback e Expensive equipment is required
The system provides voice feedback A smartphone is expensive and may
to the user when the user is tapping. cause the users cannot afford to buy

the equipment.

e Simplified interface e Not suitable for some users
The interface only contains 4 buttons Not all handicapped users suffered
which are left, right, enter and delete from visual impairments, therefore,
buttons. they may not familiar with the

Braille characters

e No need to design and build new e Less additional keys
equipment No punctuation key is provided.
This system uses a smartphone as a Special function keys such as Shift
device to create a new text entry and Caps Lock are also not provided.
system.

Table 2-3: The advantages and disadvantages of the BrailleKey system

2.3.3 Comparison with the proposed solution

For the mentioned system above, not everyone knows how to read the
BrailleKey. Hence, the user of the system may need to understand how BrailleKey
works and it takes a lot of time. Unlike the proposed solution, the user need not have
extra knowledge to use the system, just a simple understanding of how the system works

will do.
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2.4 An Ambiguous Kevboard Based on ""Character Graphical Association"

An ambiguous keyboard is a type of keyboard that has lesser keys compared to
the traditional keyboard (Mir6-Borras et al., 2010). CGA acts as a new way to select
letters to keys and generate a new keyboard layout with 2, 3 to 4 keys only.

2.4.1 The Design of the System

First, the consonants are written on a ruled paper with multiple lines as shown

in Figure 2-7 below.

bdfhklIlt
CMMNrFrsvwxzZ

gipqy

Figure 2-7: 21 consonants
Then, the consonants are grouped into 3 groups:
1. Consonants exceeding the top line (b, d, f, h, k, 1, t)
2. Consonants between the lines (¢, m, n, 1, S, v, W, X, Z)
3. Consonants exceeding the bottom line (g, j, p, 9, y)

Besides, the vowels are distributed among other different keys to improve
performance during the text entry process. For the user to learn the layout easily, the
following requirements must be satisfied which only consecutive vowels in alphabetical
order can be matched to a key and the keyboard must have the ability to display the all

5 vowels in alphabetical order. Some of the CGA layouts are shown in Figure 2-8 below.

L&) p)(=] -

F=E -

WO
—

‘ 4 ‘ 2 keys
y

"

Figure 2-8: The 2-key, 3-key, and 4-key CGA layouts
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There are 2 stages in this system which are cell selection stage and
disambiguation phase stage. During the first stage starts, the user clicks the switch when
the desired cell is highlighted using automatic scanning. To type the last letter, the user
has to press and hold the switch to indicate that the user has finished typing the letters.
Next, the second stage starts by showing the suggested words one by one until the user

found the desired word, then only can release the switch. Finally, the word is entered

followed by a space.
2.4.2 Advantages and Disadvantages
Advantages Disadvantages
e Lesser keys e Takes longer time
The system has lesser keys Need to undergo a long process
compared to the conventional before entering a word.

keyboard, but it preserves all the

important keys.

e Letters are grouped e Exhausting
Consonants and vowels are grouped The user may feel tiredness or
into few keys to prevent any fatigne when using this system
confusion. because the user must hold the

switch button until the desired word
appeared.
Table 2-4: The advantages and disadvantages of the CGA layout-based text entry
system

2.4.3 Comparison with the proposed solution

The CGA layout-based text entry system requires the user to press and hold the
switch button until the words the user wanted appears. This may take a lot of time and
it will make the user feels fatigue and tired after holding the switch for a long duration.
Unlike the proposed solution, the proposed solution does not have a switch, therefore,
the user does not have to hold it to type, the user only needs to move through the keypad
and start typing.
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2.5 Infrared-based Text Entry System for Handicap

This research paper is about to create a new infrared-based text entry system for
the handicaps to ease their lives when they are doing text entry task (K.W. Yong, 2015).
This paper is similar to the proposed solution of this project except for the proposed
text entry system, the data is transferred to the user’s PC or laptop wirelessly while the
text entry system of the paper transmits the data using a wired connection.

2.5.1 The Design of the System

The Figure 2-9 below shows that the text entry system which is specially
designed for the handicaps.

Figure 2-9: The Infrared-based Text Entry System

The circuit diagram for the arrangement of IR LED is shown in Figure 2-10 below.

* i. * B R0 Trnsminer
—-"Q'Q"*G:”: D Riep Receiver
’Q{?@aq:ﬂ: O mersecton pois
Q- TF

888

Figure 2-10: The arrangement of the IR LED for the keypad

When the user’s fingertip touches the one intersection point, the corresponds IR
LED will generate an interrupted and the interrupt is transmitted to the user’s PC or
laptop via the Arduino board and process by the software to determine which key is

pressed.
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A software GUI acted as an on-screen keyboard is developed to interpret the

data from the Arduino board. The software GUI is shown in Figure 2-11 below.

[0 1]z 3
ABC|| DEF|| GHI
i 5 6

9
Figure 2-11: The software GUI of the infrared-based text entry system

The user first thinks of a letter to type then click on the corresponding key
column which consists of the letter the user wants. Then the second stage starts as

shown in Figure 2-12.

A|B

aEE

Figure 2-12: The second stage of the software GUI of the infrared-based text entry
system
Then, the user may select the letter by touching the corresponding column of
the keypad based on the layout of the second stage of the software GUI. Finally, the
letter is entered. The Figure 2-13 below shows the interface of the GUI program.

he quick brown fox jump
over the lazy dog

Figure 2-13: The interface of the GUI program
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2.5.2 Advantages and Disadvantages

Advantages Disadvantages
e Lesser keys e Wired connection
The system has lesser keys The connection between the input device
compared to the conventional to the user’s PC or laptop may cause
keyboard but preserve almost inconvenience or not portable

all the keys of the conventional

keyboard.

e Relatively small e Cannot directly input to the text editor
The user can hold the input If the user wants to type letters in the text
device with one hand only. editor, the user first enters the letters to the

GUI program then only copy the text from
the GUI to the text editor.
Table 2-5: The advantages and disadvantages of the infrared-based text entry system

2.5.3 Comparison with the proposed solution

The mentioned system above uses wired connection unlike the proposed
solution uses a wireless connection. With the proposed solution, the user can start
typing after the wireless connection between the system and the computer is established.

The wireless connection keeps the proposed text entry system less complex and wires.
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3.1 System Overview

To develop the wireless-based text entry system for the handicaps, an input
device and a software are needed to perform the text entry task. Hence, the device will
be built using some low-cost components and a development board.

To build the input devices, a few of components are chosen and are taken into

consideration. The key arrangement of the input device is illustrated in Figure 3-1

below.
1 2 3
4 5 6
7 8 9

Figure 3-1: 3 X 3 grid key arrangement
3.2 Full System Diagram

The full system diagram of the project is shown in Figure 3-2 below.

IR Receiver

IR Transmitter
Arduino

UNO Cytron XBee Shield
Resistars (CT-UNO)

Y

F
h

»| Cytron Bluetooth
Module

Infrared Text Entry
Board

Power
Supply

PC

Figure 3-2: Full system diagram
In this project, the CT-UNO is used as the microcontroller to read analog signal
from the IR transmitter and receiver and transmit those values to the PC via the
Bluetooth module to determine which letter is pressed or function is performed. The
Bluetooth module is mounted on the Cytron XBee Shield then the shield will be stacked
on top of the CT-UNO. Besides, the infrared text entry board is a PCB where the IR
transmitters, the IR receiver, and the resistors are soldered into the PCB. This is to keep

the keypad as simple as possible without all the jumper wires. Next, the infrared text
19
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entry board is stacked on top of the Cytron XBee Shield. When the user operates on the
infrared text entry board, the input data will be transferred via the Bluetooth module to
the computer. The Figure 3-3 below shows the side-view illustration of the text entry

system.

Infrared Text Entry Board |
Bluetooth module  ——] 1 1 \
Cytron XBee Shield Pin Header
| ] | «
cr-uno | j
b — =

USB Power Supply

Figure 3-3: Side-view illustration of the wireless-based text entry system

3.3 Hardware Implementation
The design of the input keypad will be a 9-key arranged in a 3 by 3 grid. Multiple

IR LEDs are placed on the keypad to detect the key press by the user. The IR LED

arrangement is shown in Figure 3-4 below.

Transmitter ' '

i~ ] Tk
Z- 4 & '.-!_[: Intersection points (keys)
I (:

g

Figure 3-4: The arrangement of the IR LEDs

Receiver

The IR light travel in a direct path from the transmitter to the receiver. When
the user’s fingertip touches one of the intersection points, the IR light emitted by the
transmitter will be blocked.

The receivers are connected to the ADC inputs of the CT-UNO to get the ADC
values since the CT-UNO includes a 10-bit ADC. The 10-bit ADC gives the digital
value between 0 and 1023 from the input voltage ranging from 0 to 5V.

For example, the transmitter A emits IR light to the receiver B. If neither the
transmitter nor the receiver is blocked, the ADC value is usually near to 1023. But, if
either the transmitter or the receiver is blocked, the ADC value will be dropped to less
than 1023. By using this concept, the intersection point that pressed by the user will be

identified and send to the software GUI program.
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The system consists of an Infrared text entry board, a Cytron XBee Shield
mounted with the Bluetooth module and CT-UNO board. Figure 3-5 below shows the

hardware implementation part.

)
d

@ c0000000000ee00

000 0000000
00

Hardware Components Amount  Total Price (RM)

l. Cytron XBee Shield 1 17.50

2 CT-UNO 1 29.40

3 Header Pin 4 4.90

4 10K ohm resistors 6 0.30

5. IR Receiver 6 3.00

6 IR Transmitter 6 3.00

7 Infrared Text Entry Board (PCB) 1 0.00

8 Cytron Bluetooth Module 1 34.00
Total 92.10

Table 3-1: The details and price of the hardware components
The development cost of the whole text entry system is less than RM 100 which
is about RM92.10. The details of the hardware components and the software
components used in this project will be discussed in detail in Chapter 4: Methodology
and Tools.
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To establish the connection between the device and the computer in Windows
10 wirelessly, the user needs to pair the Bluetooth module of the device with the
Bluetooth adapter of the computer first. First, the user has to open the Bluetooth settings
on the computer and click “Add Bluetooth or other device” to search for the Bluetooth

module of the device as shown in Figure 3-6 below.

Settings = O *

@ Bluetooth & other devices

o+ Add Bluetooth or other device

Bluetoaoth
@ on

MNow discoverable as "WN7-591G"

Figure 3-6: Bluetooth settings of the computer
Then, the user has to select the “Bluetooth” option and the searching process
will begin. When the computer found the name of the Bluetooth module name which is
“H-C-2010-06-01", the user need to click it and insert the PIN “1234” and click

“Connect” to complete the pairing process as shown in Figure 3-7 below.

Add a device

Add a device

Make sure your device is turned on and discoverable. Select a device below to
connect

D Redmi Note 4

H-C-2010-06-01
Connecting

Enter the PIN for H-C-2010-06-01.

1234 X

Figure 3-7: Bluetooth pairing is in progress
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Next, if the PIN entered is correct, the pairing process will complete as shown

in the Figure 3-8 below.

Add a device

Your device is ready to go!

H-C-2010-06-01
Paired

Figure 3-8: Bluetooth pairing is succeeded
Next, the user needs to know which COM port is used by the device. Hence, the
user needs to go to the “Device Manager” of the computer and select the “Ports (COM
& LPT)”. If the pairing process is completed without any error, there will be at least
one entry which is “Standard Serial Over Bluetooth link” followed by the COM port
name as shown in Figure 3-9 below.

ad Device Manager = ] X

File Action View Help
a9 mE oS

® cameras ~

@ Computer

= Disk drives

I Display adapters

i Firmware

## Human Interface Devices

"= |DE ATA/ATAP! controllers

f? Jungo

== Keyboards

ﬂ Mice and other pointing devices

[ Monitors

¥ Network adapters

Portable Devices

« @ Ports (COM & LPT)

ﬂ Standard Serial over Bluetooth link (COM4)
' Standard Serial over Bluetooth link (COMS5)
# USB Serial Port (COM3)

Figure 3-9: Task manager of the computer
In this case, the COM port used by the device is “COM4”. This name of the
COM port is important as the user need to choose the respective COM port on the
software GUI later to connect the GUI program and the device.
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3.3.1 Flowchart of Hardware Implementation

The Figure 3-10 below shows the flowchart of the hardware implementation

part of the text entry system.

Pair the device
and the computer
via Bluetooth

luetooth
is paired?

Yes
No

1st key is 2nd key is 3rd key is 4th key is 5th key is
pressed? pressed? pressed? pressed? pressed?

6th key is Tth key is 8th key is Gth key is
pressed? pressed? pressed? pressed?

Send the respective key signal to the PC program indicating which key is pressed.

End

Figure 3-10: Flowchart for the hardware implementation part
Once the device is first booted up, the user has to pair the device with the
computer first or else the computer will not receive any signal from the device. This is
a one-time process. After the pairing process completed, it will wait for the user input
and check whether the user has pressed which intersection point or key. If the first key
is pressed, the first key signal will be sent to the GUI program indicating that the first
key has been pressed and the GUI program will proceed.
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3.4 Software Implementation

A software GUI is required to interpret the input from the input device which is
the CT-UNO board. The GUI will be developed using the C# programming language.
The C# programming language is chosen as the language has good compatibility with
the Windows operating system. The GUI will be designed in such a way that is similar
to the key arrangement of the input device where 9 buttons are arranged in a 3 by 3 grid.
This GUI will act as a visual aid for the user. The principle of working for this system
is straightforward. There are 9 buttons which consist of all the alphabets, numbers from
0 to 9, some special function such as Copy, Cut, Paste, Caps Lock, Shift, Select All,
Space, Enter and some basic punctuations.

When the user launches the program for the first time, the user needs to choose
the correct COM port first from the drop-down list and click “Connect”. Then, the
program will remember the COM port chosen by the user and next time when the user
launches this program again, the program will just auto connect with the device using
the last saved COM port. The interface of the GUI program is illustrated in Figure 3-11

below.

& GUI For Wireless Based Infrared Text Entry System = K

Ports COM4 w
0 1 2 3 Status: Disconnected

ABC DEF GHI

Connect

Function

JKL MNO

Caps Lock: Off

6 7 8 9 Shift:  Off
PQRS TUV WXYZ

Figure 3-11: The interface of the GUI program
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3.4.1 Flowchart for Software Implementation

The Figure 3-12 below shows the flowchart of the software implementation part
which is the GUI program of the text entry system.

Has last
saved
COM port?

Prompt the user that there
is no saved COM port

!

Yes
Choose a new COM port s
from the drop-down list
Yes
The chosen port Tell the user the chosen
is busy? COM port is busy
port cannot be Display ti t
CORnESa aftea isplay timeout message —
certain of time
Receive the key signal Subroutine of analysing the key signal from the
from the hardware part device

Figure 3-12: Flowchart for the software implementation part

When the user launches the program, it will check whether there is any saved
port, if the program cannot find any saved port, it will ask the user to choose the COM
port manually. Otherwise, it will connect with the device using the saved COM port
entry automatically. This will save the user from the hassle of choosing the COM port
every time when the user launches the program. After the connection is successful, the
program will run the subroutine of analysing the key signal sent by the device.

The flowchart of the subroutine can be found in Appendix A because the
flowchart is too complex to be put in this chapter. The subroutine will check the key
signal from the device and analyse which key is pressed and eventually it will input the

characters typed by the user or perform the functions as requested by the user.
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3.5 System Flow Diagram (Hardware and Software Implementation)

Start the device

Hardware Part

— Send the respective key signal to the PC program indicating which key is pressed

Start the
Program
—

Y

Has last No
saved
COM port?

Yes

I,Software Part I

Prompt the user that there

is no saved COM port

Choose a new COM port f

from the drop-down list

The chosen port
is busy?

Tell the user the chosen
COM port is busy

port cannot be Yes
connected after a
certain

of time

Display timeout message —

Subroutine of analysing the key signal from the

device

End

Figure 3-13: System flow diagram of both software and hardware implementation
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The Figure 3-13 above shows that the system flow diagram of both software
and hardware implementation. The user needs to start the device first, or else the
program cannot communicate with the device. After the device is booted up, the user
can now start the program. If the user launches the program for the first time, the user
has to manually choose the COM port of the device and then click the “Connect” button.
This step is important as choosing the wrong COM port will result in the GUI program
could not communicate with the device. The program will remember the port chosen
by the user so that when the user launches the program next time, the user would not
need to choose the COM port again as the program will connect with the device
automatically. Then, if the connection between the device and the program is
established, the program will show the status “Connected”. After the connection is
established, the user can now start to use the text entry system. If the user wishes to
stop the program, the user can click the “Disconnect” button or just close the program.
The Figure 3-14 below shows the program has already established the connection with

the device.

8 GUI For Wireless Based Infrared Text Entry System = x

Ports (COM4 ~
0 1 2 3 Status: Connected

ABC DEF GHI

Function Disconnect

JKL MNO

Caps Lock: Off

6 7 8 9 Shift: Off
PQRS TUV WXYZ

Figure 3-14: The connection between the device and the computer is established
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3.6 The Usage of the GUI Program
3.6.1 Alphabets

To input the characters or perform functions, the user can hold on one of the
intersection points from the 9 intersection points and drag across the intersection points.
Once the user’s desired letters or function appeared, the user can now release, then the
desired letter will be typed, or the specific function will be performed.

For example, the user wanted to type letter ‘f* onto the computer. Firstly, the
user needs to choose the correct COM port and then connect first and then the user
needs to hold at the second intersection point. After that, the interface of the program
will switch to another page displaying letter ‘d’, ‘e’, ‘t” and number ‘1’ and ‘2°. The
Figure 3-15 below shows the interface of the GUI program after the user holds the

second intersection point.

= GUI For Wireless Based Infrared Text Entry System = X
Ports  COM4 v

Status: Connected

d e f

1 2 Disconnect

Caps Lock: Off

Shift: Off

Esc

Figure 3-15: The program interface when the second intersection point is pressed
Then, the user’s finger needs to be dragged to the third intersection point from

the second intersection point on the device as shown in Figure 3-16 below.

@ GUI For Wireless Based Infrared Text Entry System : —I
$ Pots COM4
Status: Connected

1 2 Disconnect
Caps Lock: Off

Shift. Off |

Esc :

Figure 3-16: The program interface when the third intersection point is pressed
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Next, the user’s finger is released and letter ‘f* will be printed and GUI program
will return to the main menu as shown in Figure 3-17 below.

& GUI For Wireless Based Infrared Text Entry System E Untitled - — O by

File Edit Format Wiew Help

Ports COM4 vl -F
0 1 2 3 Status: Connected

4 Function 2 | D}s{:{:-nnectm
JKL MNO . .
Caps Lock: Off
6 7 8 9 Shift  Off

PQRS TUV WXYZ

Figure 3-17: The letter ‘f” has been entered
If the user wanted to hold on the third intersection point but mistakenly hold on
the sixth intersection point, the user can drag to the ninth intersection point and release

to return to the main menu as shown in the Figure 3-18 below.

& GU| For Wireless Based Infrared Text Entry System

Ports |COM4 v
Status: Connected
m n 0
Connact
5 Disconnect
Caps Lock: Off
Shift: Off
Esc

Figure 3-18: The program interface when the ninth intersection point is pressed
The user can enter other letters or numbers using the same process as above:

“hold-drag-release”.
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The fifth intersection point is the function mode. The function mode is to make

the typing experience of the user become more convenient and easy. The mode can let

the user perform the following functions:

Copy (Ctrl+C), Cut (Ctrl+X) and Paste (Ctrl+V)
Mouse Simulation

Tab, Enter (Carriage Return) and Select All (Ctrl+A)
Caps Lock and Shift

Punctuation

Backspace

Space

Back to Main Menu

To enter the function mode, the user needs to hold on the fifth intersection point

and release. To choose one of the function, the user’s finger needs to be dragged to the

specific intersection point that is related to the function. The interface of the function

mode is shown in Figure 3-19 below.

& GUI For Wireless Based Infrared Text Entry System

Copy Tab | O oo
atus: ann

Cut Mouse Enter

Paste Ctrl+A

Caps 2z )
Lock b  Disconnect
Shift -/ '

Caps Lock: Off
Back Shift:  Off

Space Space Back

Figure 3-19: The program interface of the function mode
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3.6.2 Copy, Cut and Paste Function

If the user wants to perform ‘Copy’, ‘Cut’ or ‘Paste’ function, the user needs to
hold the fifth intersection point first, then drag to the first intersection point and release.
Now, the program will enter the next page which let the user select ‘Copy’, ‘Cut’ or

‘Paste’ as shown in the Figure 3-20 below.

& GUI For Wireless Based Infrared Text Entry Systermn = X

Ports  COM4 e
Status: Connected

Copy Cut Paste

| Disconnect

Caps Lock: Off

Shift: Off

Back

Figure 3-20: The program interface showing the ‘Copy’, ‘Cut’ and ‘Paste’ function

If the user wants to perform ‘Copy’ function, the user needs to press the first
intersection point. The user needs to press the second intersection point if the user wants
to perform ‘Cut’ function. Besides, the user needs to press the third intersection point
if the user wants to perform ‘Paste’ function. If the user chooses to go back to the main
menu, the user can press the ninth intersection point. In addition, the program will go
back to the main menu once the user performs one of the functions.

These functions are useful for the user because the user can copy, cut or paste
faster. Once the text is highlighted, the user only needs to enter the function mode, press
the first intersection point and then choose either copy, cut and paste, rather than right-

clicking on the highlighted text and choose copy, cut or paste.
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3.6.3 Mouse Simulation Function

If the user wants to use the mouse function, the user needs to hold the fifth
intersection point first, then drag to second intersection point and release. Now, the
program will enter the next page which let the user move the mouse pointer on the
computer and perform ‘Left Click’, ‘Right Click’ and ‘Middle Click’ as shown in the
Figure 3-21 below.

& GUI For Wireless Based Infrared Text Entry System — X
Ports | COM4 w
Left T REQ ht Status: Connected
Click Click
= — Disconnect
Caps Lock: Off
Middle | Back Shift: Off
Click

Figure 3-21: The program interface showing the mouse function

To simulate the ‘Left Click’, ‘Right Click’ and ‘Middle Click’, the user needs
to press the first, third or seventh intersection point respectively as shown in Figure
above. Besides, if the user wants to move the mouse pointer upward or downward, the
user needs to hold on the second intersection point to move the mouse pointer upward
or eighth intersection point to move the mouse pointer downward. In addition, if the
user wants to move the mouse pointer left or right, the user needs to press and hold on
the forth intersection point or sixth intersection point to move the mouse pointer left or
right respectively.

To simulate the action of scrolling the middle wheel of the ordinary mouse, the
user has to press on the seventh intersection point first which is the middle click button
and then hold on second or eighth intersection point to simulate the action of scrolling
upwards and downwards respectively. This function is useful when the user is browsing

the web pages.
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3.6.4 Tab, Enter and Select All Function

If the user wants to use the ‘Tab’, ‘Enter’, or ‘Select All’ function, the user needs
to hold the fifth intersection point first, then drag to third intersection point and release.
Now, the program will enter the next page which let the user choose whether to click

‘Tab’, ‘Enter’ or perform ‘Select All” function as shown in the Figure 3-22 below.

:D_: cless =d Infisred Tetk Entrr Sustemm : |

{ FPorts  COM4 bl 1

Tab Enter || Cisa | 5% e

Disconnect

Caps Lock: Off

Shift: Off

Back

| i - i

Figure 3-22: The program interface showing the tab, enter and select all function
When the user wants to input ‘Tab’, ‘Enter’, or ‘Select All’ (Ctrl+A), the user
needs to press the first, second or third intersection point respectively. If the user wants
to input ‘Tab’ followed by ‘Enter’, the user just need to press the first intersection point
then followed by pressing the second intersection point. The program would not jump
back to the main menu after inputting either ‘Tab’, ‘Enter’, or ‘Select All’ function. To
return the program to the main menu, the user would need to press the ninth intersection

point to go back to the main menu.
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3.6.5 Caps Lock and Shift

When the user wants to use the ‘Caps Lock’ or ‘Shift’ function, the user needs

to hold the fifth intersection point first, then drag to the forth intersection point and
release. Now, the program will enter the next page which let the user choose whether

to toggle ‘Caps Lock’ or ‘Shift’ function as shown in the Figure 3-23 below.

& GUI For Wireless Based Infrared Text Entry System = X
Ports | COM4 v
Caps g Status: Connected
Shift
Lock
Disconnect
Caps Lock: Off
Shift:  Off
Back

Figure 3-23: The program interface showing the caps lock and shift function
The ‘Caps Lock’ toggle is the same as the ‘Caps Lock’ button on the ordinary
keyboard. The function switches all input characters to the upper case until the toggle
has been switched off. The user can enable the ‘Caps Lock’ toggle by pressing the first
intersection point. Then, there is an indicator showing the status of the ‘Caps Lock’

toggle as shown in Figure 3-24 below.

& GUI For Wireless Based Infrared Text Entry System G Untitled - = 0O S |

Fite Edit Format View Help

pots comt | HELLO '

0 12 3 Status: Connected

ABC || DEF GHI WORLD

4 5

Function . Disconnect

JKL MNO

6 78 9 Shift: Off f
PQRS TUV WXYZ |

Figure 3-24: The program interface showing the caps lock indicator and the text
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The “Shift’ toggle is also the same as the ‘Shift’ button on the ordinary keyboard.
The function switches the first input characters to upper case and then the rest of the
input characters will be in lower case if the ‘Caps Lock’ toggle is not enabled. The user
can enable the ‘Shift’ toggle by pressing the second intersection point. Then, there is
an indicator showing the status of the ‘Shift’ toggle too as shown in Figure 3-25 below.

& GUI For Wireless Based Infrared Text Entry System (&) Untitled - .. = O b4

Filte Edit Format View Help

rots comt  ~ | Hello
0 1 2 3 Status: Connected

ABC || DEF || GHI World
4 Function 5 ' Disconnect

JKL MNO L
Caps Lock: Off
6 78 9 Shift: Off
PQRS TUV WXYZ

Figure 3-25: The program interface showing the shift indicator and the text
The Figure below shows the “Hello World” text entered using the device with
the ‘Caps Lock’ and ‘Shift’ toggles are enabled. Note that the indicator ‘Shift’ is off as
shown in Figure 3-26 below as the ‘Shift’ function only enabled for entering one
character only and will be toggled off when the user has entered one character.

= GUI For Wireless Based Infrared Text Entry System X MJ Jntitled - .. —— O

File Edit Format View Help
Ports  |COM4 &
0 1 2 3 Status: Connected h E L LO
ABC || DEF GHI wORLD
4 Function 0 ' Disconnect '
JKL MNO - |
Caps Lock: On
6 7 8 9 Shift:  Off
PQRS TUV WXYZ

Figure 3-26: The program interface showing the text entered by the device
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3.6.6 Punctuation

When the user wants to enter punctuations, the user needs to hold the fifth

intersection point first, then drag to sixth intersection point and release. Now, the

program will enter the next page which let the user choose whether which punctuation

to insert as shown in the Figure 3-27 below.

& GUI For Wireless Based Infrared Text Entry System

Back

Ports COM4 v
Status: Connected

Disconnect

Caps Lock: Off
Shift: Off

Figure 3-27: The punctuations available on this device

However, there are only some of the common use punctuations are available for

use such as comma (,), period (.), question mark (?), exclamation mark (!), plus sign

(+), minus sign (-) and slash (/). The program would not jump back to the main menu

after entering one of the punctuations. To return the program to the main menu, the user

would need to press the ninth intersection point to go back to the main menu. The Figure

3-28 below shows the punctuations are inserted into the text editor “Notepad”.

© cuiFe

Back

Ports  COM4
Status: Connected

Disconnect

Caps Lock: On

Shift:  Off

) Untitled - O %

File Edit Format View Help

e ,.?!+_/

Figure 3-28: The punctuations are inserted into the text editor “Notepad”
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3.6.7 Backspace

To remove a character entered, the user will first have to hold the fifth
intersection point first, then drag to seventh intersection point and release. Then, one
character will be removed. The user can press the seventh intersection point repeatedly
as long as the program is still in the function mode to remove one or more characters.
To exit the function mode, the user just needs to press the ninth intersection point.
3.6.8 Space

To enter a space character, the user will first have to hold the fifth intersection
point first, then drag to eighth intersection point and release. Then, one space character
will be added. The user can press the eighth intersection point repeatedly as long as the
program is still in the function mode to add one or more space characters. To exit the

function mode, the user just needs to press the ninth intersection point.
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CHAPTER 4: Methodology and Tools
4.1 Design Methodology

The design methodology indicates the method for the development of a system.

The objective of the design methodology is to find a perfect solution for every design
situations. A good design methodology is needed to develop a good and high utility
system. Therefore, the Software Development Life Cycle (SDLC) is studied and
researched. The Software Development Life Cycle (SDLC) is basically a framework
for the developer that define tasks need to be performed at each step during the
development process (tutorialspoint, 2017). There are several SDLC models defined
such as the Waterfall Model, Iterative Model, Spiral Model and the Prototype Model.
The Figure 4-1 below shows the stages of the SDLC.

'HHI\

SDLC

Building

Figure 4-1: The stages of the SDLC

In this research, the Prototype Model is selected to build a good and high utility
system. The Prototype Model indicates that building a prototype which roughly shows
the functionalities of the product and it also can let the developer figure out the customer
requirements at the very early stage of the development. Besides, it helps to acquire the
comments or feedback from the customers and then helps the developer to know the
expectations of the customers of the final product. In addition, Prototype Model is an
interesting approach that helps in developing complex and huge systems where there is
no existing system or manual process to assist the developers in determining the
requirements (Verma, 2015). The Figure 4-2 below shows the general steps of the
Prototype Model.
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Start Requirement
Gathering and Quick Design Building a Prototype
Analysis
End
Produce the Final
Product

Refining the

Customer Evaluation
Prototype

Figure 4-2: The general steps of the Prototype Model

There are 6 general steps of the Prototype Model as shown in Figure 4-2 above

which include:

1.

Requirement Gathering and Analysis — The developer will collect the
requirements from the customers first. Then, the requirements will be analysed,
and the product requirement documents will be prepared.

Quick Design — The developer will start to design the prototype based on the
requirements given by the customers. However, the preliminary design is not a
detailed design, but it includes all the main aspects of the system which it will
give an idea to the customers.

Building a Prototype — A prototype is developed from the preliminary design.
The prototype will give an idea to the customer what the final product will
probably look like.

Customer Evaluation — Then, the prototype will be sent to the customer and
let them evaluate the prototype. After evaluating, the customer comments and
feedbacks will be recorded for the developer to improve the product.

Refining the Prototype — During this step, the comments and feedback from
the customer will be studied and discussed. The developer will try to refine the
product based on the comments and feedback and then go back to the Quick
Design stage. If the customer satisfies with the prototype, then the developer
only can proceed to the next step.

Produce the Final Product — The actual product will be developed based on
the prototype.
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4.2 Hardware Components

4.2.1 IR LED Transmitter and Receiver

An infrared light emitting diode is a solid-state lighting device that emits infra-
red light. The transmitter will transmit the infrared light when the voltage is supplied to
the transmitter. The receivers are connected to the ADC inputs of the CT-UNO and the
changes of the ADC values for each receiver will be used to determine which
intersection point is pressed by the user. The IR LED receiver and transmitter are shown

in Figure 4-3.

Receiver

"/ Transmitter

Figure 4-3: The IR LED receiver and transmitter
The IR LED is very suitable for this project since it is low cost and energy
consumption is low as well. Finally, the IR LED is chosen as a component to build the

input device.

4.2.2 10K ohm Resistors

The resistors used in this project are the 10K ohm resistors as shown in Figure

4-4 below.

Figure 4-4: The 10K ohm resistors
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4.2.3 Arduino Header Pin

The header pins are used in this project and the pins are soldered into the
infrared text entry board to let the board can stack on top of the Arduino or other

Arduino Shield. The Figure 4-5 below shows the header pins used in this project.

Figure 4-5: The header pins

4.2.4 CT-UNO Development Board

Arduino is an open-source platform that used to build electronics projects.
Arduino has its own IDE to write, edit or upload codes to the microcontroller board.
Arduino platform is famous because its IDE uses the C++ programming language rather
than Assembly Language compared to the older development board. The Cytron
version of Arduino Uno (CT-UNO) is chosen for this project. Cytron company is based
in Penang, Malaysia. They sell a series of development boards, modules. In addition,
the company developed their version of Arduino UNO called CT-UNO. The CT-UNO
is a more economical selection compared to the usual Arduino Uno. Besides, the CT-
UNO included mostly all the features that are available in the Arduino UNO. The CT-
UNO board is shown in Figure 4-6 below.
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Figure 4-6: CT-UNO
CT-UNO is based on the SMD ATmega328P microcontroller and it offers some
features like 14 Digital 1/O pins with 6 PWM pins, 6 Analog inputs, UART, SPI, 12C,

and external interrupts and of course, a reset button. The technical specifications of the

board are shown in Table 4-1 below.

Microcontroller SMD ATmega328P
Input Voltage DC7-15V

5V Voltage Regulator (Maximum) 1A

3.3V Voltage Regulator (Maximum) 500mA

Digital I/O Pins 14 (6PWM outputs)
Analog Input Pins 6

Flash Memory 32 KB

Clock Speed 16 MHz

Table 4-1: Technical Specifications of CT-UNO
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4.2.5 Cytron Bluetooth Module and the Cytron XBee Shield

There are 2 options to make the system works wirelessly by transferring the data
to the computer wirelessly using Bluetooth or Wi-Fi. After some consideration, by
using Bluetooth technology is more than enough in this system. Hence, a Cytron
Bluetooth Module is used to allow the CT-UNO to communicate wirelessly with the

PC and laptop. The Cytron Bluetooth Module is shown in Figure 4-7 below.

Figure 4-7: Cytron Bluetooth Module

This module is based on the CSR BC04 chipset with Bluetooth version 2.0 +
EDR. It operates in an operating frequency within 2.4 to 2.8GHz. It can transmit within
a range of 20m to 30m in free space with no obstacle. The maximum transfer rate for
asynchronous transmission is 2.1Mbps download, 160kbps upload while the module
can achieve maximum 1Mbps download and upload speed. The baud rate can be
adjusted from 1200bps to 1382400bps.

To fit in the Bluetooth module into the CT-UNO, an Arduino shield is required.
The Cytron XBee Shield is chosen for this system. The purpose of this shield is to
mount the Bluetooth module on top of it and mount to the CT UNO. The shield is shown

in Figure 4-8 below.
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Figure 4-8: Cytron XBee Shield
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4.2.6 The Infrared Text Entry Board (PCB)

The Infrared Text Entry Board is developed using the PCB design software,

EAGLE, which will be discussed later. The schematic and the board diagram of the

Infrared Text Entry Board are shown in Figure 4-9 and Figure 4-10 respectively.
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Figure 4-9: The schematic diagram of the infrared text entry board

Figure 4-10: The board diagram of the infrared text entry board
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4.3 Hardware Development Tools

4.3.1 Arduino IDE

The open-source Arduino IDE makes developers life easier to write code and
upload it to the board. It runs on Windows OS, Mac OS X, and Linux OS and it can be
used with any Arduino board. The environment is written in Java and other open-source
software. To run this Arduino IDE, the computer must install the Java Runtime
Environment first. Arduino IDE will be used to upload codes to the CT-UNO. The IDE
can verify the correctness of the codes first then only it can compile and upload to the
CT-UNO board. The IDE also includes the serial monitor without having the need of
downloading another software such as PuTTY. Figure 4-11 below shows the interface

of the Arduino IDE software.

o sketch_mar06a | Arduino 1.8.5

File Edit Sketch Tools Help

sketch_mar06a

L:ij setup () { A

// put your setup code here, to run once:

void loop() {

// put your main code here, to run repeatedly:

Arduino/Genuino Uno on COM3

Figure 4-11: The interface of the Arduino IDE
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4.3.2 EAGLE Software

The schematic and the board diagram of the Infrared Text Entry Board is
designed the software EAGLE. The software EAGLE is a PCB design software, it can
let the user design the schematic diagram of the PCB first then convert to board diagram.
Then, the software can export the board diagram to Gerber file format (.gbr) to be sent
for fabrication. The Figure 4-12 shows that the interface of the EAGLE software.

= 1 Schematic - C\Users\Wailum\Documents\eagle\New_Project\untitled.sch - EAGLE 8.6.0 free [OFFLINE]

File Edit Draw View Tools Library Options Window Help

|60 @(Bwn ARG QQQ Q- (O |0 [~ (@]
IEH %] VvV w4H

— Sheets  # * n.1inch(5.53.7) | [ ~
0 o

Bk

Bl

S| 1

S o

o

L

¢1 &

4]

5

T e

ol

O I =

#»

Left-click&drag to define group (or left-click to start defining a group polygon)

Figure 4-12: The interface of the EAGLE software
To add the components such as resistors and IR LED into the schematic diagram,
the user can search for the required components on the Library Manager. Then, the
components can be added to the schematic diagram. Figure 4-13 shows that the

interface of the Library Manager of the EAGLE software.

W Library Manager ? X

In Use Available

Name h Author Version Description

resistor EAGLE PCB 1 Resistors, Capacitors, Inductors

resistor-bourns EAGLE PCB 1 Bourns Resistor Networks

resistor-dil EAGLE PCB 1 Resistors in DIL Packages

resistor-net EAGLE PCB 1 Generic Resistor Netwarks

resistor-power EAGLE PCB 1 = Vitrohm Power Resistors

resistor-ruf EAGLE PCB 1 =] Ruf Resistors

resistor-shunt EAGLE PCB 1 (=] Isabellenhuette SMD Shunt Resistors

resistor-sil EAGLE PCB 1 a2 Resistors in Single Inline Packages
Browse... |res\smﬁ

Remove
Update

Edit

Working offline

Figure 4-13: The interface of the Library Manager
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4.4 Software Development Tools
4.4.1 Visual Studio 2013

In this project, the software GUI program is built using the C Sharp (C#)
programming language to get the data from the device, and then output the text. C#
programming language is a general-purpose programming language that designed to
develop apps on the Microsoft platform and it requires the .NET framework on
Windows to work. Besides, C# is commonly used to develop Windows desktop
applications and games too. Hence, C# programming language is used to develop the
GUI program in this project.

Apart from choosing the programming language, a powerful IDE needs the
ability to build C# program, editing the C# source code and a debugger. A debugger
can help to test and debug the program. In this project, the Microsoft Visual Studio
2013 is chosen as the IDE in building the GUI program. Microsoft Visual Studio is an
IDE developed by Microsoft and the IDE is written in C++ and C# and it supports many
different programming languages other than C#. The logo of the Microsoft Visual
Studio IDE is shown as in Figure 4-14 below and the interface of the Visual Studio
2013 with the project opening is shown in Figure 4-15 below.

pq Visual Studio

Figure 4-14: The logo of the Microsoft Visual Studio

0 WindowsFormsApplicationt - Microsoft Visual Studi Y:s O P - B x
FLE EDT VIEW PROSCT BULD DEBUG TEAM TOOLS TEST ARCHTECTURE ANALYZE WINDOW HELP signin ©
Bt > Start - Release = Any CPU - Aowmfi s N

2 | € GUIFor Wireless Based Infrared Tex Entry System (=)

ts
0 12 3 Status:  Disconnected
Connect

Function

JKL MNO Disconnect

Caps Lock:  Off
6 78 9 Shift.  Off
PQRS TUVv WXYZ Elapsed Time: 0's

Character Typed: 0

- x

Ready n826 Col 74 74 INS

Figure 4-15: The interface of the Visual Studio 2013 with the project opening
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CHAPTER 5: Implementation and Testing

After implementing the hardware device and the software GUI, some tests are
done to verify and test the functionalities of the text entry system. In addition, the typing
speed of the text entry system will be determined through the usage of the text entry
system. Besides verifying the functionalities of the system, the power consumption of
the text entry system will be calculated as well to see whether the system can operate
for a long hour or not.

5.1 Final Product

The final hardware implementation part of the text entry system is shown in

Figure 5-1 and Figure 5-2 below.

Figure 5-1: The top view of the hardware part of the text entry system

Figure 5-2: The side view of the hardware part of the text entry system
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The final software GUI program interface implementation part of the text entry

system is shown in Figure 5-3 below.

. O GUI For Wireless Based Infrared Text Entry System S b

Ports CON4 ~
0 1 2 3 Status: Disconnected

ABC DEF GHI

Connect
4 Function o
JKL MNO
Caps Lock: Off |
6 7 8 9 shitt Off |

PQRS TUV WXYZ

Figure 5-3: The interface of the Software GUI program of the text entry system
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5.2 Functions

Other than inputting alphabets in lowercase and uppercase using this text entry
system, other functions such as ‘Space’, ‘Tab’, ‘Backspace’ and ‘Enter’ can be done
using this system as well. Besides, the functions such as ‘Copy’, ‘Cut’, ‘Paste’ and
‘Select All’ are included too. In addition, this text entry system can be used as a mouse
too. In order to ensure the system is working, the test plan is needed to evaluate the
system. The Table 5-1 below shows all test cases done using the text entry system.

No. Test Case Details

1 Lowercase alphabets and

‘Space’

2 ‘Copy’, ‘Cut’, ‘Paste’,
and ‘Select All’

3 ‘Backspace’
4 Uppercase alphabets and

‘Tab’

5 Numbers, Punctuations,
‘Shift” Key and ‘Enter’
Key

6 Mouse Function

To input text with lowercase

alphabets and ‘Space’

- To test the ‘Copy’, ‘Cut’.

‘Paste’ and ‘Select All’
functions
To remove a word from the

text

To input text with uppercase

alphabets and ‘Tab’

- To input the numbers and
punctuations

- To test the ‘Shift’ key and
the ‘Enter’ key

- To move the mouse pointer
using this function

- To issue left click, right
click and middle click like

the ordinary mouse

Example ‘
the quick brown fox jump

over the lazy dog

the quick brown fox jump

over the lazy dog

the quick brown fox jump
over the lazy dog

THE QUICK
BROWN FOX JUMP
OVER THE LAZY DOG

Hi! T am Adam, my
number is 0123456789.
10+5-3

Coffee/ Tea?

- To control the mouse

pointer and open the

program
- To test the ‘Left Click’,
‘Right Click’ and

‘Middle Click’ using the

program

Table 5-1: The test plan for the text entry system
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5.2.1 Test Case 1: Lowercase Alphabets and ‘Space’ Key

To complete the Test Case 1, the following text, “the quick brown fox jump
over the lazy dog” is used as an example to input to the computer using the text entry
system as the text contains all the 26 alphabets and some spaces. The details and the

results of the Test Case 1 are stored in Table 5-2 and Figure 5-4 below respectively.

Test Case Example Expected Result Actual Result

Lowercase alphabets | the quick brown fox All the letters of the text | Same as the

and ‘Space’ jump over the lazy and the ‘Space’ key are | expected result
dog inserted successfully.

Table 5-2: The details of the Test Case 1

B8 GUI For Wireless Based Infrared Text Entry System

Ports COM4 v
0 12 3 Status: Connected

4 Function 2 Disconnect
JKL MNO

Caps Lock: Off

6 7 8 9 Shift  Off

PQRS TUV WXYZ

v

File Edit Format View Help

the quick brown fox
jump over the lazy
dog

~

Figure 5-4: The results of the Test Case 1
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5.2.2 Test Case 2: ‘Copy’, ‘Cut’, ‘Paste’, ‘Select All’

To complete the Test Case 2, the following text, “the quick brown fox jump
over the lazy dog” from the previous test case is used. The text on the “Notepad”
program is highlighted using the ‘Select All” function. Then, the text is copied from the
“Notepad” program and paste into the “Microsoft Word” program. Next, the sentence
is being cut from the “Microsoft Word” program and paste it to another program called
“Notepad++" using the ‘Cut’ function and the ‘Paste’ function. The details of the Test

Case 2 are stored in Table 5-3 below.

Test Case Example Expected Result Actual Result
‘Copy’, ‘Cut’, the quick The ‘Copy’, ‘Cut’. ‘Paste’ and | Same as the
‘Paste’, ‘Select All” | brown fox ‘Select All’ are tested | expected result

jump over the successfully.
lazy dog
Table 5-3: The details of the Test Case 2

The Figure 5-5 below shows the text on the “Notepad” program is highlighted

and copied.

& GUI For Wireless Based Infrared Text Entry System

Ports (COM4 v
0 12 3 Status: Connected

ABC DEF GHI

4 Function 5 Disconnect
JKL MNO

Caps Lock: Off

6 7 8 9 Shift: Off

PQRS TUV WXYZ

Lche quick brown fox

jump over the lazy

Figure 5-5: The text on the “Notepad” program is highlighted and copied
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Then, the Figure 5-6 below shows the copied text is pasted into the “Microsoft

Word” program.

B GUI For Wireless Based Infrared Text Entry System

Ports COM4 v
0 1 2 3 Status: Connected

ABC DEF GHI

T =

Connect
4 , 5 ‘
JKL Function MNO Disconnect
Caps Lock: Off
6 7 8 9 Shift: Off
PQRS TUV WXYZ
= [ g

jl Untitled - Notepad

File Edit Format View Help

the quick brown fox

jump over the lazy

the quick brown fox jump over the lazy dog

| Pagetof1 gweords [£ B B - ] +  100%

Figure 5-6: The copied text is pasted into the “Microsoft Word” program
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Next, the Figure 5-7 below shows the text in the “Microsoft Word” is being cut

and paste into another program called “Notepad++”.

= GUI For Wireless Based Infrared Text Entry System

Ports COoM4 w
0 12 3 Status: Connected
ABC DEF GHI
Connect
-+ 5 ———
Function Disconnect
JKL MNO |
Caps Lock: Off
6 7 8 9 Shift:  Off
PQRS TUV WXYZ
w3 3 :
]
Page 1of 1 0 words EE _. E B + 100%
g “new 1 - Motepad++ = [ *
File Edit Search View Encoding Language Settings Tools Macro Run
Plugins Window ? X
sIHB R GE 4 Wk D e @ x| BE
Fol. 7]
1 the guick brown fox jump over the lazy dog
Ln:1 Col:43 Sel:0|0 Windows (CR LF) UTF-8 INS

Figure 5-7: The text is being cut and paste into another program called “Notepad++”
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5.2.3 Test Case 3: ‘Backspace’ Key

To complete the Test Case 3, the following text, “the quick brown fox jump

over the lazy dog” from the previous test case is used and the word “dog” is to be

removed from the text to test the ‘Backspace’ function. The details and the results of

the Test Case 3 are stored in Table 5-4 and Figure 5-8 below respectively.

Test Case Example Expected Actual Result
Result
‘Backspace’ the quick brown fox jump over | The “dog” Same as the
the lazy dog word is expected result
removed.

Table 5-4: The Details of the Test Case 3

& GUI For Wireless Based Infrared Text Entry System

12 3
DEF

Function

7 8 9
TUV

Ports

COM4 W
Status: Connected

File Edit

Format View

Help

MNO Disconnect
Caps Lock: Off
Shift: Off

WXYZ

the quick

brown Tox

jump over the lazy

Figure 5-8: The Results of the Test Case 3
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5.2.4 Test Case 4: Uppercase Alphabets and ‘Tab’ Key
To complete the Test Case 4, the following text, “THE QUICK BROWN FOX
JUMP OVER THE LAZY DOG” is used as an example to input to the computer using

the text entry system. Besides, the ‘Tab’ key will be added before the text. The details
and the results of the Test Case 4 are stored in Table 5-5 and Figure 5-9 below

respectively.
Test Case Example Expected Result Actual
Result
Uppercase THE QUICK BROWN | All the letters of the text | Same as
alphabets and ‘Tab’ | FOX JUMP OVER THE are added and the ‘Tab’ the
LAZY DOG key is added before the expected
text. result
Table 5-5: The Details of the Test Case 4
B GUI For Wireless Based Infrared Text Entry System = X

Ports COM4 ~
0 12 3 Status: Connected

ABC DEF GHI

4 Function S Disconnect
JKL MNO
Caps Lock: On
6 7 8 9 Shift: Off
PQRS TUV WXYZ
3| Untitled - Notepat - | >

File Edit Format View Help

THE QUICK
BROWN FOX JUMP OVER
THE LAZY DOG

Figure 5-9: The Results of the Test Case 4
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5.2.5 Test Case 5: Numbers, Punctuations, ‘Shift’ Key and ‘Enter’ Key

To complete the Test Case 5, the digits from 0 to 9 and punctuations are inserted

into the computer using the text entry system. Besides, the ‘Shift’ key is tested too by

capitalizing the first letter of the first word. In addition, the ‘Enter’ key is tested as well

to input the carriage return. The details and the results of the Test Case 5 are stored in

Table 5-6 and Figure 5-10 below respectively.

Test Case Example Expected Result Actual
Result
Numbers, Hi! I am Adam, my | - All the numbers and Same as
Punctuations, number is | punctuations are inserted the
‘Shift’ Key and 0123456789. successfully expected
‘Enter’ Key 10+5-3 - “‘Shift’ key and ‘Enter’ key result
Coffee/ Tea? function well

Table 5-6: The Details of the Test Case 5

B GUI For Wireless Based Infrared Text Entry System == 1 X

Ports COM4 v
0 1 2 3 Status: Connected

ABC DEF GHI

4 Function 5 Disconnect
JKL MNO

Caps Lock: On

6 7 8 9 Shift: Off

PQRS TUV WXYZ

File Edit Format View H

Hi! I am Adam, my
number 1is
0123456789.
10+5-3

Coffee/ Tea?

Figure 5-10: The Results of the Test Case 5
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5.2.6 Test Case 6: Mouse Function

To complete the Test Case 6, the mouse function is used to move the mouse
pointer of the computer using the text entry system. Besides moving the mouse pointer,
the mouse function can also use to issue ‘Left Click’, ‘Right Click’ and ‘Middle Click’
like the ordinary mouse. Hence, a small program is developed to detect the ‘Left Click’,
‘Right Click’ and ‘Middle Click’ event. The details of the Test Case 6 are stored in
Table 5-7 below.

Test Case Example Expected Result Actual
Result
Mouse Function - To control the mouse | All the functions are Same as
pointer and open the | working the
program expected
- To test the ‘Left Click’, result
‘Right Click’ and ‘Middle
Click’ using the program

Table 5-7: The Details of the Test Case 6
The Figure 5-11 below shows the program is launched by controlling the mouse

pointer using the text entry system.

| B R =] Application Tools.  Release = | X
Home Share Wiew Manage (7]
— 1+ « Projects > WindowsFormsApplication3 > WindowsFormsApplication3 > bin > Release v  SearchRelease P
£ Name Date modified Type Size
# Quick access
Wi P oplicati K&
B Deskicp + = WindowsFormsApplication3.exe Application 9K
| vr:l ‘WindowsFormsApplication3.exe.config 1KB
| Downloads - _
& GUI For Wireless Based Infrared Text Entry System = x
Ports | COM4 v
Left T nght Status: Connected
Click Click
Click Me!
= = Disconnect
Caps Lock: Off
Middle Shift: Off
: l Back
Click

Figure 5-11: The program is launched by controlling the mouse pointer using the text

entry system
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The program is to test whether which mouse button is clicked. To start the test,
the mouse pointer is moved to the center of the program. Then, the “Left Click” mouse
function is pressed. The Figure 5-12 below shows the result of the program after the

“Left Click” mouse function is pressed.

& GUI For Wireless Based Infrared Text Entry System

Ports | COM4 v
Left nght Status: Connected
Click f Click
«— = D‘tsconnect-
Caps Lock: Off
Middle Shift:  Off
Click ! Back
| oy Form - — 1 x
b

Left Mouse Button is Clicked!

oK

Click Me!

Figure 5-12: The result of the program after the “Left Click” mouse function is
pressed
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Next, the “Right Click” mouse function is pressed. The Figure 5-13 below

shows the result of the program after the “Right Click” mouse function is pressed.

& GUI For Wireless Based Infrared Text Entry System

Pots |COM4  +
L'Bft nght Status: Connected
Click f Click
Connecl
Caps Lock: Off
Middle Shift: Off
Click l Ak
i Form’ - 1 N

Click Me!

Right Mouse Button is Clicked!

!ox

Figure 5-13: The result of the program after the “Right Click” mouse function is
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Then, the “Middle Click” mouse function is pressed. The Figure 5-14 below

shows the result of the program after the “Middle Click” mouse function is pressed.

& GUI For Wireless Based Infrared Text Entry System

Ports |COM4 -
Left nght Status: Connected

Click I Click

Connect

I\gﬁgll(e | Back Shift:  Off

o Form1 = ] >,

Middle Mouse Button is Clicked!

oK

Click Me!

Figure 5-14: The result of the program after the “Middle Click” mouse function is

pressed
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5.3 Speed

In order to determine the text entry speed of the system, a special version of the
software GUI program is developed, with all the functions from the original software
GUI program, but it will record down the elapsed time, characters typed, character per
minute (CPM), words typed and words per minute (WPM). CPM and WPM are good
methods to explore the typing capabilities and efficiency of the text entry system. To
calculate the CPM of the system, the number of total characters typed is multiplied by
60 seconds and then divided by the elapsed time. The calculation of the WPM is almost
the same with the calculation of the CPM where the number of words typed is
multiplied by 60 seconds and then divided by the elapsed time.

The number of words will be identified from the characters typed by the users
automatically by the program. One of the ways to detect the words is by detecting the
space entered by the user. The words are separated by spaces. Hence, when a space is
detected, the characters typed before the space would be considered as a word. Besides,
normally, the last word entered by the users will end with punctuations or without
punctuations. Eventually, the program will count it as a word.

The Figure 5-15 below shows the interface of the special version of the software

GUI program.

® GU| For Wireless Based Infrared Text Entry System ) x

Ports COoM4 v
0 1 2 3 Status: Connected

ABC DEF GHI

4 Function 9 Disconnect
JKL MNO

Caps Lock: Off

6 7 8 9 Shift:  Off

PQRS TUV WXYZ Elapsed Time: O s

Figure 5-15: The interface of the special version of the software GUI program
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The timer starts when the user presses the ‘Connect’ button, and when the user

has finished typing the text and close the program, there will be a pop-up message

showing the elapsed time, characters typed, CPM, words typed and WPM. The Figure

5-16 below shows the pop-up message after the user typed the text “the quick brown

fox jump over the lazy dog” and close the program or press the ‘Disconnect’ button.

@ GUI For Wireless Based Infrared Text Ent _. '
Information ® |
Elapsed Time: §7 s |
0 1 2 3 o E;:{r:aztserﬂyped:ﬁ
ABC DEF GH wes
4 Function d
JKL MNO
Caps Lock: Off
6 7 8 9 Shift:  Off
PQRS TUV WXYZ Elapsed Time: 97 s

L

_‘ “titl.. o O
View

File Edit Format Help

- the

g

quick

[
brown

fox jump
over the
lazy dog

Figure 5-16: The result of the elapsed time, character typed, CPM, words typed, and

WPM

The Table 5-8 below shows the CPM and WPM for 10 times by typing the

same text “the quick brown fox jump over the lazy dog”.

No. of attempts CPM WPM
1 22 4
2 23 5
3 23 5
4 24 5
5 24 5
6 26 5
7 26 5
8 26 5
9 26 5

10 27 6

Table 5-8: The CPM and the WPM for 10 attempts by typing the same text
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Based on the text entry method proposed by Felzer, T. and Rinderknecht, S. on
2011, as discussed in Chapter 2.2, the entry rate of the mentioned text entry system has
an entry rate ranging from 0.8 WPM to 2 WPM compared to the Infrared Text Entry
System in this research which has an average of about 5 WPM.

Besides, based on the BrailleKey text entry method proposed by Subash, N.S.,
Nambiar, S. and Kumar, V. on 2012, as discussed in Chapter 2.3, the entry rate of this

text entry system is shown in Figure 5-17 below.

® VoiceOver BrailleKey

25

2 1
I L
. ]
05 1
il
1 2 3 4

User Index

WPM

[

Figure 5-17: WPM for each participant
Based on the Figure 5-17 above, the entry rate of the BraileKey text entry
system is about 2 WPM among the 5 participants. As a result, the entry rate of the

system is lower than the Infrared Text Entry System.
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5.4 Power Consumption

The power consumption of the text entry system needs to be calculated to know
its efficiency. First, the current drawn by the system is calculated using a power supply,
a multimeter, and a breadboard. The power supply is set to supply +5V and the
multimeter is switched to measure current mode since the multimeter can measure thr
voltage and the resistance also. Then, the 5V positive wire is connected to the red probe
of the multimeter while the black probe of the multimeter is connected to the Vin port
of the CT-UNO. Next, the ground wire from the power supply is connected to the GND
port of the CT-UNO. The Figure 5-18 shows the setup on how to measure the current
drawn by the system.

Figure 5-18: The setup on how to measure the current drawn by the system
After the current drawn by the system is determined, the power consumption of
the text entry system can be calculated by multiplying the current drawn by the system
with the supply voltage. The measurement of the current drawn by the system is shown

in Figure 5-19 below.
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Figure 5-19: The measurement of the current drawn by the system

The calculation of the power consumption is shown below.
Power (P) = Current (I) x Voltage (V)
Voltage Supply =5V
Current Drawn by the System = 0.34A
Power Consumption of the system per hour = 0.344 x 5V = 1.7W

From the calculations above, the results show that the power consumption of
the system is only about 1.7W. If the user powers the text entry system using a
10000mAh power bank, the maximum operating hour of the text entry system is shown

below.

10000mAh
340mA

Maximum Operating Hour = ~ 30hours

Hence, the system can operate close to 30 hours long with a 10000mAh power bank.
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CHAPTER 6: Conclusion

In this chapter, the objectives of the project that has been achieved will be
discussed here. Besides, the issues and challenges faced during the development of the
device and the GUI program will also be explained here. Furthermore, the personal
insight into the total research experience of the researcher is added in this chapter. In
addition, the novelties and the limitations of the system are discussed in this chapter
too. Lastly, this chapter will discuss the possible future enhancement of the system.

6.1 Project Review

The main objective of this project is to provide a suitable and low-cost text entry
system for the handicaps to let them communicate simultaneously with others. This
objective is achieved because the hardware components used in this project such as the
IR transmitter and receiver are cheap. There are 5 sub-objectives of this project which
is to make the device portable, lightweight, long operating hour, has a wireless
connection and user-friendly are achieved too. The device is portable and lightweight
because the dimension of the device is about 7cm x 5.5cm x 5.5cm and it is very light
to hold. Besides, the device can last for a long time even by using the power bank. In
addition, the device can connect wirelessly to the computer. It means the user does not
need to connect the device to the computer via the USB cable to operate. Furthermore,
the device is user-friendly as the GUI program will guide the user throughout the text
input process and the user only needs minor instruction and memorisation to operate
the device.

During the hardware implementation of the text entry system, there are many
issues and challenges happened. One of the issues is about the components. Some
components such as the IR LEDs are broken. Hence, before the soldering process of
the components into the PCB, the components need to be checked first to ensure the
components are functioning.

In addition, after the soldering of components into the PCB, some components
are actually not fully soldered into the PCB. Hence, the system may not work properly
and further checking on the soldered components need to be done and extra time is
consumed.

Besides, the designation of the PCB become one of the issues. The idea of
designing the PCB instead of using the ordinary breadboard and jumper wires is
because the PCB has no jumper wire at all. This is to keep the text entry system less
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complex and simple. Due to zero knowledge of designing the PCB, some studies are
needed on how to design a PCB. It takes extra time to design the system.

Furthermore, the development of the GUI program become an issue. The GUI
program is developed with the Microsoft Visual Studio 2013 IDE using C#
programming language. Due to zero knowledge of developing the program in C#
language, the best and fastest way to learn the language is to search the tutorials
available online. It takes extra time in developing the program.

Besides, the program needs to be set to constantly check for the signal sent from
the device unless the user clicks the “Disconnect” button to stop the program. The
program would hang because the program will have stuck in the infinite loop checking
for the signal sent by the device. Hence, the system threading of the C# programming
language is implemented here. Another thread is created to monitor if the “Disconnect”
button is clicked. Then, the thread will inform the main thread to exit from the infinite
loop and stop the program.

Despite a lot of difficulties and challenges happened during the development of
this project, fortunately, those issues and challenges can be solved and overcame. Hence,
many new pieces of knowledge such as designing a PCB and developing a C# program
are gained.

6.2 Novelties

One of the novelties of this project is that the text entry system is developed
using only low-cost components such as IR transmitter, IR receiver and some resistors
only. Besides, a PCB is used to fit all the components together rather than using a
breadboard. This is to reduce the number of jumper wire and to keep the device as
simple as possible.

6.3 Limitations of the System

The CT-UNO microcontroller has only 32KB of flash memory for the users to
store their program. Due to the limited memory space of the microcontroller, more
functions cannot be implemented to the device because after the sketch is uploaded to
the microcontroller, there is not much space left for the memory.

Besides, the infrared text entry board may not identify the intersection points
pressed by the user correctly as the finger size of every user is not the same. Hence, the

device may need to be optimised to suit every user.
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Chapter 6: Conclusion

6.4 Future Enhancement

Further improvement can be made to solve the limitation of the system
mentioned above. One of the enhancement is to replace the microcontroller with a
larger memory space. Arduino Mega 2560 is a better alternative compared to the CT-
UNO which only has 32KB of flash memory. Arduino Mega 2560 has 54 digital I/O
pins and 256KB of flash memory. Hence, more functions can be provided to the device
with this large amount of flash memory, but it may increase the development cost.

Besides, further enhancement can be done by further reducing the cost of the
development material. The price of the Cytron XBee Shield with the Bluetooth module
is more expensive as compared to the CT-UNO microcontroller. Hence, cheaper
Bluetooth module is needed in this project.

For this project, the text entry system can only work on the Windows computer
with the GUI program. Hence, the device can be improved so that the device can be
used on other operating system such as Linux or even on mobile devices such as

Android or i0S.
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Conclusion: This project is developed using Arduino C language for the hardware part and C# language

for the software part. Besides, this project will definitely help the handicaps to enter text more efficiently.
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