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Design and Development of Optimized Hygienic InpuBystems

for Touch Screen Gadgets
Asad Habib

Abstract

This PhD dissertation is multi-dimensional. Wedrte find answers to three questions;
1) Are we using input systems having optimum penfamce? 2) Are these input systems
suitable for touch-screen devices? 3) Are they itiyg’'? In addition, we explored
character level NLP (Natural Language Processipgli@ations. Urdu is used as case
study language for experiments and evaluation opooposed systems.

QWERTY keyboard migrated from typewriters to congpatand then to mobile phones.
It remained the most common mode of input for aglime. The multi-tap T9 keypads
are also in use in mobile phones. However the teoeich screen gadgets boom changed
the course of history. Having their own dynamidsgyt demand designing novel input
systems with better usability, more user friendisand higher performance. The generic
QWERTY replica keypads lack these qualities wheplaed on small devices like
mobile phones, in particular the small touch scrgadgets such as smart phones and
PDA (Personal Digital Assistant) etc.

RSI (Repetitive Strain Injuries), CTS (Carpel Tuni@&ndrome), CTD (Cumulative
Trauma Disorder), ophthalmic endemics and eyesigiatkness etc. are few among many
health hazards caused by regularly improper andompged use of computers. RPA
(Resting Point of Accommodation) and Convergencspects are important design time
considerations. Small screen cluttered with too ynlamttons and icons etc. puts more
strain on eyes due to acute and meager visibiNg.developed and proposed “hygienic”
touch screen keypads that are free from the afargomed shortcomings. We used
“onion skinning” technique to create large enougktdns that put less strain on the eyes
of the user. Character unigram and bigram frequetisiyibutions and properties like
shape of individual letters are used to facilittst, correct and easy composing. Large
buttons and their arrangement on our proposed kisyfsrae the user from bending his/her
wrist on an angle that is risky for his/her heaitlhe long run.

Touch screen gadgets come in various sizes, shplagfrms and other specifications.
Keeping in view the intrinsic parameters of touchesn devices and Urdu language, we
proposed novel and distinct keypads for each oéthall, medium and large touch-screen
devices. Each of these has been optimized for atgueasy, speedy and efficient typing.
We carefully designed our proposed keypads sudtitibg offer better visibility, usability,
extendibility, aesthetics and user friendliness.alg® put users’ health into prime focus at
design time of proposed keypad.

* Doctoral Dissertation, Department of Informationdessing, Graduate School of Information
Science, Nara Institute of Science and TechnoNgyST-1IS-DD0961209, September 17, 2012
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Composing Urdu is a thorny task on modern touckestrdevices. Design and

development of optimal keypads for Urdu is compkdadue to complex orthography and
relatively large letter-set. Our proposed keypa@sogptimized for Urdu but applicable to

Arabic, Persian, Punjabi and other Perso-Arabipsianguages too. With minor changes
in the backend script settings, our proposed keyzaid applicable to non-Perso-Arabic
script languages with larger letter-sets e.g. Hatdi

We carried out evaluation of our proposed keypadsvo ways. Automated procedures
showed improvement by 52.62% over in-the-marketegenkeypads for small screen

gadgets. Medium size screen keypads showed 57 @§¥ovement. We conducted users’
evaluation for real world performance comparisoetdiled results are presented in the
subsequent chapters.

Keywords: touch-screen keypads, smart phones input, Urdwtinpethod editor,
hygienic input systems design, Perso-Arabic sanipat
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Definitions

Optimize

To maximize efficiency and performance in executi@trieval and storage etc.
of a system.

Hygienic

Hygienic is a generic term that carries severarintlated meanings. In daily
life conversation, it means sanitary and healthfldwever, in this dissertation
report, we used the word ‘hygienic’ in the meanitagsmductive to good health’.

In broader sense, hygienic systems refer to systbatsminimize the risk of

health hazards caused by regular and prolongeafusemputer and its sister
devices. Examples of such health hazards are RIS, &d eyesight weakness
etc.

Input System

Any interface with suitable input method or GUIldhgh which users can write
text or enter commands to the underlying deviceapplication software.
Hardware keyboards, soft (virtual) keypads, GUIsmeb/desktop applications
and mobile phone interfaces are typical examplesmft systems.

Touch Screen Gadgets

A device that recognizes and senses the ‘toucliingier or stylus and sends
appropriate signal to a card called controllerrien to translate user’s input into
CPU readable format. Driver is required so thattveafe can utilize the
information from the touch. There are many vargeté touch screen systems
varying in size, purpose and the underlying elett® etc. Smart phones,
laptops, tablet PCs, cameras, GPS devices etareakxamples of touch screen
gadgets.

X1V



Alphabet

Alphabet is any system of signs with which a lamguas written. In this
dissertation, we use it to represent the wholeokéttters in a language e.g. in
English language, all the letters from A-Z (bothsimall and upper case) are
referred to as alphabet. For clarity and easiererstdnding, we also refer to
alphabet as ‘letter-set’ at some points in thiseliation.

Letter

An element of alphabet is called a letter. Consmdean example in the English
language, the letter set {A, a, b, F, m} has 5 ifgletters.

Character

This is a general and broader term that represahtetters in an alphabet,
numeric as well as special characters etc.

Script

Script refers to the continuous natural and natreg of writing text. Ligatures,
words, phrases and sentences are formed based rmectcand appropriate
shapes of individual letters. Collectively all bese are referred to as ‘script’ in
this dissertation.

XV



Chapter 1
1 Introduction

This research is multi-dimensional and covers ntloa® one areas that are summarized
in the following. My dissertation emphasizes onding answers of the following

questions.

1. Are we using the input systems that offer optimwrfgrmance?
2. Are these input systems suitable for touch-scresmcds?
3. Are they ‘hygienic’?

In contrast to theoretical approach, our researctkws mainly of practical nature. In
addition to the above mentioned questions, we algmored various applications of
character level NLP (Natural Language Processimgearch. We proposed novel
soft-keypads for the input systems of computersbhiltagphones and other gadgets.
Soft-keypads are also called virtual keypads ochagcreen keypads. We used Urdu as
the case study language for experiments and ev@huait our proposed systems.

The natural language processing is a vast areasefrch that has many branches, tasks
and applications at different levels. The umbrefidLP has spread so much that some
of its branches became separate fields in their gt e.g. MT (Machine Translation),
NLG (Natural Language Generation) and IR (InformatiRetrieval) etc. There are
numerous levels of text and speech at which natargjuage processing research is
carried out e.g. document, discourse, sentenc@sphmword and character level etc.

This research is related to the applications of [dt.Bharacter level.
1.1 Character Level NLP applications

This research targets the ‘character level’ appboa of natural language processing.
Some important sub-fields that deal with naturalglaage processing tasks at the
‘characters level' include Script Generation, Roipation, Transliteration,
Transcription and Development of IME (Input Methexvironment), different types of

1



keypads and their GUI designs etc. These tasksalateillustrated in the following

Figure 1.1.
| Character Level l
Romani- Translite- | | Transcri- Interface Script ‘
. zation ration ption Design Read/Write

Keyboards Keypads
[covpoaras [kero

u a
Lj E [Multi-tap]_—lTabletSJ

Single
: [Wearable]——[Handed] Smart
Single | Phones

Finger J

Figure 1.1 Character Level applications of NLP

The highlighted part in Figure 1.1 shows that weused on interface design and
development. We developed various types of keypadsmall, medium and large size
touch screen devices. The small size touch screeitas refer to smart phone, PDA
(Personal Digital Assistant) and other small siaadheld gadgets [168]. Large touch
screen systems are those devices that have saqaakto or larger than a standard
Personal Computer [146]. Acer ICONIA laptop is amample of large touch screen
system [10]. Any device that falls between small #arge size systems is referred to
medium size touch screen device [11]. Typical eXampf medium size touch screen
systems are tablet PCs and e-readers etc.

1.2 Motivation

The growth of wireless networks, Grid and Cloud potng have enabled users to
migrate from PCs with high end hardware specifaraito smaller, lighter, low memory,
low power and handy touch screen devices. As dtyesel are witnessing the evolution
and rapid growth of touch screen gadgets. The ispstems of modern touch screen
gadgets and other sister devices have great rooimfiyxovement in their Ergonomics

2



i.e. performance, usability, user friendlinessegsaffrom user’s health perspective) and
aesthetics etc. Similarly improvements can be Udmbuig areas such as reduction of
error rate, compliance of device and the GUI deptbyn it, appropriateness to the
language and flexibility in user’s choice etc.

The current keypads on touch screen devices pestmwer and are prone to errors due
to their poor usability. Speech powered IPA (Ingelht Personal Assistant) are also
introduced lately but still far from users’ satictian [104]. One such example is the IPA
called “Siri” that has been introduced by Apple.Inctheir iOS 5.1.1 for iPhone4s. It
accepts voice input in English language only. Tloe@le Android’s voice input system
called “Voice Actions App” is another voice inputssem that enables users to dictate
text messages and emails in addition to callingamia saved on the phone. However
these applications seems to be still in their iojaf®2]. Nonetheless, in most languages
the users don’'t have any choice other than typexg themselves using the generic
QWETRY type keypad for data input [108]. Urdu is exxception. To-date, there is no
speech recognition system developed for Urdu, Homdany other regional languages.
In addition to that, NLP research in Urdu language its infancy, in particular there is
very thin trace of research at character leveliagpbns.

The existence of the above mentioned issues warjasitification of this research and
emphasizes the high need of finding optimum sohstito those separate but related
problems.

1.3 Research Goals

As mentioned in the preceding sections, the afontioreed existing systems are not at
par with the true potential of input systems immsrof usability, performance, safety
(from perspective of hygiene), user friendlinesstability to a certain languages and
extendibility to others and satisfaction of usatwice etc. [108][112]. The main goals
of this research are to solve these problems. Sithe¥ major goals of this research are
discussed in much detail in the following sub-setdi



1.3.1 Performance of Existing Systems

QWERTY keyboards migrated from typewriters onto pomers [108]. Users
accepted them partially because they looked famalia partly because there was no
other choice [37]. Optimality in performance renena constant and ignored issue
with them. Dvorak layout uses less finger motiotréases typing rate, and reduces
errors in comparison to its QWERTY counterpart [18]]. However, over the years,
production of the latter increased to an extentrehieseemed impossible for the
hardware producers to migrate to the DVORAK keyHdear

1.3.2 Problems

We live in the age of touch screen gadgets booankifito smart phones and tablet
PCs [58][146]. The change in technology has pravige with an opportunity which,
if left un-availed, will turn into a threat that weight continue to use new systems
without optimizing their input system [32][35]. Th&ng ignored issue of
‘performance’ can be solved now [77][99]. This widlquire us to carefully design
and develop keypads that offer optimum performance.

One of the major advantages of hardware keyboatesexistence of home row
[62][146]. Small dots or hyphen-like markers untlez index fingers of both hands
provide tactile feedback to the users. This tadakdback facilitates users to return
fingers to their starting position (home row) aftgping other letters on different
rows. This allows a user to touch-type. The toyghrAg is sometimes referred to as
blind-typing because the user doesn’'t need to labkhe keyboard while s/he is
typing commands or data [11].

At present, the most common layout of hardware &ayis is QWERTY layout

[15][108]. However, this keypad layout is of limiteadvantage when deployed on
touch screen devices [166]. A touch of the scresnlts in typing the corresponding
letter or any other character. Thus there is h@epnhof home row on a touch screen
keypad [10][58]. As a result there is no tactiledback to guide a user to return
his/her fingers to their respective starting lomaton the keypad [23]. Thus we need

4



to come up with and devise faster, accurate and fusadly input schemes and
interfaces for data and text input on touch scaances.

1.3.3 Hygiene in Design and Development

Hygiene is an important factor in GUIs (Graphicaded Interfaces) [6][32][111].
Unfortunately, so far very little attention has bemid towards health hazards caused
by use of technology [41][166]. During design amyelopment of new systems, the
designers and hardware producers take into actbargarameter of hygiene hardly
ever. Prolonged and careless use of computerstsaautausing serious hazards to
the health of users [63][99][106]. Examples of savh¢hese health hazards are RSI
(Repetitive Strain Injuries), CTS (Carpal Tunneln8some), CTDs (Cumulative
Trauma Disorders), Tendinitis and most common camgle. of eyesight weakness
etc. Similarly there are some other syndromes Tikaosynovitis, De-Quervain’s

Disease, Cervical Radiculopathy and Ulnar Nervedpment etc.

The Health and Labor departments of New Jersey, ti$épiled a report on ‘Public
Employees Occupational Safety and Health Progr@9J. [This report provides a
detailed list of health hazards caused by compudads other office gadgets. The
report brings forward the need to create heal#nttly systems and emphasis that
hygiene is of prime importance in prolonged andulaguse of computers. The
above mentioned and other health hazards, origgatiom the “bad” use of
computers and other sister gadgets, and recommenslain their preventions will

be discussed in detail in chapter 3.

1.4 Our Contributions

Our principle contributions through this researdarkvare mentioned in the following.

We explored the vast horizons of modern touch scrgadgets, analyzed their
performance and pointed out their short comingsrtter to solve those shortcomings,
we calculated sorted character unigram, bigramtaghm matrices of a sufficiently



large growing corpus. This raw corpus has beentedeasing more than 16,000
manually collected Urdu Unicode text files of gealggenre containing about 16 million
words and more than 59 million characters. Freguethstribution of about 12,000
unique words is used for experimentation. Basedrogram character frequencies, the
highest frequency characters (Urdu letters) welected as base letters in the proposed
new keypad layouts. Bigram frequencies were usedifiangement of letters on the
base layout such that highly probable pairs oétstare placed as close to each other as
possible. The bigram characters neighborhood statiseveal that the non-alphabetic
arrangement of Urdu letters alone results in aolddti 17% improvement in the
efficiency of our proposed keypad. Based on thelteof the two types of system
evaluations we conducted i.e. automated evaluarmhuser evaluation, we were able
to achieve higher accuracy, speedy typing, betsability and more user friendliness
than traditional QWERTY replica keypads. More dstaif our proposed keypads are

described in the chapter 4.

Our optimized proposed keypads also comply withfitree principles of Ergonomics i.e.
performance, safety, comfort, ease of use, aestheti

Hygienic designs i.e. we advocated and broughtdaivthe long ignored need to keep
users health in prime focus at the time of desgmovel touch screen keypads. The
computer graphics technique called “Onion Skinnirsgtised to ensure that the keypad
require less screen area for “parking”. Using teishnique, we put a new layer on top
of the base keypad when a key is touched. This thetdase version of keypad in the
background and brings a new layer on top of it shgwhe current button expanded
with it's edge characters shown as separate butidnss the same screen area is shared
between the background layer (base version) andotieground layer (active button).
This way the individual button sizes are biggernttany other in-the-market touch
screen keypads. This ensures clear visibility,exassability, low risk of CTS (Carpel
Tunnel Syndrome) and low error rate etc. The clesibility means that there is no
strain on eyes of user while looking at screenldog hours. Easier usability makes it
easier to touch-type (sometimes called blind typiftgvould be considered hallmark of
any system that reduces the risk of CTS to usen&eShe buttons on our proposed
keypads are big enough, so the user doesnt neeBletm his/her wrist at a
discomforting angle. This will certainly reduce thek of CTS. Finally the low error
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rate is also achieved due to bigger size of indiaidbuttons. Hence the overall

efficiency of time saving and errorless typingrisreased.

Our proposed keypads possess another distinct atbastic that their sizes are

adjustable to suit touch screen devices havingmdifft sizes. This makes it easy for
deployment on any type of device. This characierlscomes more important because
the size of touch screen system is not standardinddifferent vendors produce touch

screen gadgets in different sizes.

Our proposed keypad layouts are extendible to P&rabic languages other than Urdu.
Although these are optimized for Urdu, but there ather Perso-Arabic script
languages that share most of letters in their s@ealphabet e.g. Punjabi has only
one letter more than Urdu. Persian has 32 lettedsAaabic has 28 letters and both of
these languages are subsets of Urdu in terms détiees they use. Since all the letters
of both Arabic and Persian languages are includexir proposed keypads, so therefore
we need no amendments in the already developedallsypgSimilarly, with little
additions, languages like Pashto, Kashmiri, Sinethi can also exploit our proposed

keypad designs to create new keypads for eachesétlanguages.

Our proposed keypads are not limited to Perso-A&rabiipt languages. With very little
effort and trifling changes in the back-end codbsy can be used by other languages
e.g. Hindi, Thai and other languages with large bemof letters in their respective

alphabets.

We recommend separate keypads for small, mediumlamgg sized touch screen

devices. However, the keypads can be deployed wnaseother than recommended by
us also, just in case a user wishes to do so. These novel keypads provide users
freedom of choice so that they may be able to seled use their respective favorite

keypads for data input on any device they prefer.

In addition to introducing novel keypads, we algplered some other character level
NLP applications e.g. Romanization and transliteratRomanization is spelling out
words in Roman script. Transliteration is phongtmslation across a pair of languages.
We found various problems in Urdu Romanization ardnsliteration. Different

speakers Romanize and Transliterate in differengswahile writing the same text.
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Another contributing factor is that the existingrRanization is highly polluted by the
incorrect but faster SMS lingo because it requiees number of keystrokes to compose
text. These factors warrant the need to introdueingew and standard Romanization
scheme that is unambiguous, faster in transli@matiunambiguous in reverse
transliteration and that suits mobile phone textyeWe proposed Urdu Romanization
scheme suitable for text entry using mobile pharesother handheld gadgets.

In our proposed Romanization, there is a one-tornapping among Roman and Urdu
letters and strings of letters. The case sensithaambiguous Romanization makes the
data entry fast and accurate. Once mastered, opoged Romanization can help and
guide the foreign learners of Urdu language inrfleay correct pronunciation of Urdu
words. More detailed discussion is presented iptend.

Our proposed Romanizing technique makes the pradesansliteration as well as the

reverse transliteration fast, unambiguous and meegs friendly. To date, there is no

research work reported on reverse transliteratiobrdu. Reverse transliteration and

making appropriate applications for it is challengin any pair of languages because of
its intrinsic lossy nature. Urdu is no exceptiorur@roposed Romanization technique
provides a firm basis for tasks like reverse tridgergltion etc.

Before this research, there was no choice of keypad Urdu or other Perso-Arabic
script languages except the traditional QWERTY iogplkeypad on touch screen
devices. For non-touch screen systems, multi-tageypads are also in use. However,
they also have great room for improvement. We psedahree novel keypads each of
which is most suited for small, medium and largectoscreen devices respectively. Our

proposed keypads offer optimum performance in ofguiat as well.

Our proposed keypad for small touch screen syssebs.62% faster than in-the-market
generic keypads. Medium size screen keypads sh&xeab% improvement. These
results, some other results and the way we reachidm will be discussed in detail in

the subsequent chapters.

We made another major contribution. According t® Mational Language Authority of
Pakistan, Urdu alphabet contains 58 letters. Makirkggypad for languages with large
letter-set is challenging. In order to create oed keypad designs, we reduced the
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Urdu letter-set from 58 to 38 letters. However, tiser can still type all the letters in
Urdu. Section 2.1 in chapter 2 provides a detailsajht on this and other issues related

to Urdu scripts.

Our proposed keypads are optimized for Urdu butiegipe to Arabic, Persian, Punjabi
and other Perso-Arabic script languages too. Wiinomchanges in the backend script

settings, our proposed keypads are applicablerneR®wso-Arabic script languages.

1.5 Dissertation Outlines

The remainder of this dissertation is organizetblsws.

Chapter 2 is literature review. It is divided into two maiections namely ‘Urdu’ and

‘Keypads’. In ‘Urdu’ section, both the linguistima input system related issues are
discussed. We describe the history, size, sceptigrset and contextual shape of Urdu
letters etc. Other similar regional languages dair tsizes are also touched upon. We
describe how our proposed designs are applicalleegi®ndible to other languages. In
‘keypads’ section, we discuss the contemporary &dgptheir limitations and the need

for designing and developing novel keypads.

Chapter 3is dedicated to the need and importance of Hygi8ggtems. In this chapter
we advocate why hygiene is of foremost importangeng the design phase of any
novel system. Different types of health hazard edusy regular and prolonged usage of
computer and sister gadgets are discussed. “Premantbetter than cure”. The causes
and possible prevention for muscular syndromes eyakight problems caused by
computers and screens of various devices are eeplas case studies. Health friendly
‘Ergo Keyboards’ are also introduced.

Chapter 4 is divided into two sub-sectionSection 4.1lintroduces the generic multi-tap
T9 keypads that are used with conventional nonktscireen mobile phones. It provides
knowledge on the basic technique of multi-tappidde flaws in the existing

in-the-market linear ordering based input schengepminted out. This technology is
fading out. However at present, the non-touch scraalti-tap mobile phones are the
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leaders in terms of number of users. Thereforegadni performance frequency based

keypad layout has been proposed and explained.

Section 4.2throws light on various types of touch screen deviand groups them into
three categories; a) medium size devices e.g.tt#tfls b) large size touch screen
devices e.g. Acer ICONIA PC and c) small size toscteen devices e.g. smart phones
etc. We propose optimized novel keypads for eactlihete categories. Results of
evaluation are also shown in this chapter. Lastienecategory C is about small touch
screen devices and their intrinsic data input issuel characteristics. We argue that the
traditional QWERTY replica keypads don'’t offer aptzed performance in keying-in
data and commands on small touch screen systemspriéymsed an Ergonomics
compliant keypad with better performance and higtadety from users’ health point of
view. Evaluation of our proposed keypad is dondwon ways; automated and user
evaluation. Both these evaluations are discussgceister detail in this chapter.

Chapter 5 is about Urdu Romanization and transliteration.e Thnambiguous,
case-sensitive, one-to-one Roman to Urdu mappicgmenended in this chapter needs
small CPU and little memory. It is more appropriéde higher layer tasks such as
transliteration, particularly reverse translitevatietc. It is also helpful to foreign
students in learning Urdu. Our Romanizing applaais extendible to other languages

as well.
Chapter 6 concludes this dissertation thesis. Final and lcalieg remarks on our

research contributions discussed in the previowspteins have been presented. The

future directions have also been presented inndeoéthis chapter.
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Chapter 2
Literature Review

This chapter is divided into the following two maapics.

2.1 Urdu

2.2 Keypads

These sections are explained in much detail ifdhawing.

2.1 Urdu

It belongs to the language family of central Indor#n language. Urdu is written from
right to left in Perso-Arabic script [52]. Its gramar is both gender and number
sensitive [78][128]. It has many interesting intdglinguistic features such as rich
morphology, rich phonology, word segmentation ahdracter level NLP applications
etc. Some salient features of Urdu language areiomea here.

2.1.1 Rank of Urdu

It is the national language of Pakistan and arciaffilanguage of numerous states in
India e.g. Uttar Pradesh (India’s most populoute}tdt is the 2nd largest Arabic script
language according to the number of speakers. thesLingua-franca of Indo-Pak

subcontinent and neighboring countries [44]. Dughi® large South Asian Diaspora,
Urdu is spoken in various parts of the world inahgdthe Middle East, Europe and

Americas. Ethnologue by Lewis [79] considered Uathal Hindi as the same language
and ranked it the 5th largest language of the waclbrding to the number of speakers.
The numbers of Urdu and Hindi speakers are givehabje 2.1.
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Table 2.1 Hindi and Urdu Speakers

Native 2nd Total
Speakers Language
Speakers

Hindi 366,000,000 487,000,000 853,000,000

Urdu 60,290,000 104,000,000 164,290,000

Total 426,290,000 591,000,000 1,017,000,000

2.1.2 Urdu Script

The term ‘script’ has several meanings and needanthiguation. It refers to the
continuous natural and native way of writing tekigatures, words, phrases and
sentences are formed based on correct and appeopti@pes of individual letters.
Collectively all of these are referred to as ‘stiipthis dissertation.

Urdu is written from right to left in Perso-Aratscript. Arabic has 28 base letters while
Persian has 32 letters. Both Arabic and Persidéerisets are subsets of Urdu. However,
the exact number of Urdu letters is not agreed ugomumber of articles report
different numbers of letters in Urdu alphabet [86][89]. The NLA (National
Language Authority), Pakistan reported the lardetier set that contains 58 letters
[48][96][154][3]. It is shown in the following Fige 2.1

J'mjjmujz;jm_!}i/c%’ E’,ﬂ?&bﬁ&j&ﬂg ._._.vﬂi:u:.:ﬂ
??ﬂ@’:ﬁ‘uﬁdﬁ’rﬂjuij;ﬂh—jéLBJ’U‘#U#L? 7
_:_ai.'d

Figure 2.1 The 58 letters-set of Urdu alphabets.
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According to Afzal and Hussain Urdu alphabet hadédtérs and 15 diacritical marks
[83]. Hussain [52] reported 41 letters in Urdu.zljand Hussain [87] mentioned 56
letters. We reduced the Urdu alphabet to basi@®8rk. This reduction process and the

benefits achieved from it are discussed in detathiapter 5.

2.1.3 Contextual shape changes of Urdu letters

Urdu letters change their shape based on theirecésp positions inside a word. A
letter can have up to four different shapes i.eebanitial, medial and final shapes [52].

Example:

A letter is in its base shape when it appears a&ena disjoint letter e.g. the letter™
pronounced as “jim” with IPA (International Phomefilphabet) “[&]”. This letter is
shown at serial number 8 in Table 2.2. Apart frown lbase shape of z* the rest of its
three possible contextual shapes are shown in &@yar.

2 + ': . *
Final Medizl Initial

“__”

Figure 2.2 Contextual shape changes of letter “z

Initial shape refers to the shape of a letter whappears in the beginning of a ligature.
Medial shape of a letter is written when it is gihby both the preceding and the
following letters inside ligature. Final shape aggewhen a letter marks the end of a
word or ligature. Durrani and Hussain [105] dis@gsshis property of Urdu letters in

much detail.

2.1.4 Ligatures and Diacritics

Designing optimized Urdu keypads for small screetgets is a knotty problem [10].
Relatively large letter-set and no agreement okertotal number of letters in Urdu
alphabet make the problem more complex. In additotihe 58 letters shown in Figure
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2.1, Ligatures and Diacritics are also borrowednfidrabic in Urdu. Ligatures are fixed

blocks of letters each represented by a single ddieid71][162]. Diacritics are another
set of low frequency characters. They are smallramatike characters normally used to
show the correct pronunciation of letters in a wdddth the Ligatures and Diacritics

are used mostly in religious texts that have becpar¢ of Urdu but they have been
originally borrowed from Arabic and Persian. Theguam frequencies of Ligatures and
Diacritics are very low. Therefore we allocatedntha single button on our proposed
keyboard layout. Since these ligatures are compo$éndividual letters so our keypads
are still able to produce these ligatures.

2.1.5 Input mobility to other languages

Urdu alphabet is a superset of Persian and Ardlpicabets comprising 32 and 28
characters respectively [11][40]. We developed a mgut system called JaPak IEOU
(Japan-Pakistan’s Input English Output Urdu) foeespy and easy Urdu Romanization
using mobile phone keypads. It is explain in ddataithapter 5. It is equally applicable
to Persian and Arabic languages because their ladphare subsets of Urdu alphabet.
By the same token, it is germane for all other lexgges with alphabets as subsets of
Urdu alphabet. The proposed technique can be abplith trifling add-ons to some
other major South Asian Perso-Arabic script langsagvhere the alphabets are
supersets of Urdu such as Punjabi, Sidhi and PathtdBesides native Urdu, Arabic
and Persian speakers, JaPak IEOU is expected toséil for over 200 million
inhabitants of the dense populated South Asiancsultinent bringing usability and
convenience particularly to rural population.

2.1.6 Hamza §) and grave accent group

The Hamza {) group contains seven letters. This group comgrafeextremely low
frequency letters [11]. Based on their individualgram frequencies, top three entries
are shown in Table 2.2. Similarly the scarcely t@ntdiacritics are tabulated in Table
2.5. These are written hardly-ever in contempotarys. However they are difficult to
be ignored because of their important role in Upthonology, particularly the correct
pronunciation of Urdu words.
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Table 2.2 The Hamza (s) and grave accent group (sorted by Frequency)

Unicode | Alphabet | PRL | Frequency | Percentage| Example
626 T 'y 665001 1.11884 | A
624 3 ‘W 32614 0.05487 | sk
621 5 ’ 25118 0.04226 | slpd

Diacritical marks are considered important partoflu pronunciation system but their
use in modern written manuscript is highly scar@®].[ The Arabic loan diacritics
(2235 taSdd) represents germination. It is pronounced butterihardly ever. Similarly
! (Hamza under Alif),;: (do-zer) and:: (Khari zer) etc. are also obsolete.

The diacritics serve the same purpose as “ruby't() in Japanese transcripts. Table
2.3 illustrates the three Urdu diacritics that d@ppear in modern texts but sometimes

helpful when short vowels are required to be prowed e.g. the letter “i” in “Pakistan”.
The first and second columns show the DM (Diacriarks) and PRL (Proposed

Roman Letter) respectively.

Table 2.3 Diacritics representing short Urdu vowels

DM | PRL | Urdu | Arabic | Unicode
a zbr fTH 64E
[ zyr ksrH 650
u pysx | dmH 64F

2.1.7 Other Regional Languages

According to the population census organizationyegoment of Pakistan, 67.5% of
Pakistani population lives in rural areas [49]. Yhase local Perso-Arabic script
languages such as Pashto, Saraiki, Balochi, SimdaHandko etc. [50]. Pashto is used
in Pakistan and Afghanistan whereas the other mfenéioned languages are purely

15



Pakistani regional languages. In addition to thevab there are other regional
languages such as Sindhi, Punjabi, Kashmiri ettt dhe spoken on both sides of the
border between Pakistan and India. For that redbese languages are written in two
different scripts in the two countries i.e. Pers@fic and Devanagri script in Pakistan
and India respectively. The Pakistani languages ilustrated in Figure 2.3. Our
proposed input system, JaPak IEOU, is able to daerneed of majority of rural
population in Pakistan and neighboring areas wRemso-Arabic script languages are
spoken. Analogously, it is equally exploitable bipan users.

100 =
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] s
Admin_ugitBural ‘Urban Rural ‘Urban Rural ‘Urban Rural ‘Urban Rural ‘Urban Rural ‘Urban Rural ‘Urban
Pakistan NWFP Balochistan FATA Punjab Sindh Islamabad
@ Urdu 1.48 |20.22| 0.24 | 3.47 | 0.21 | 3.42 | 0.18 | 0.18 | 1.99 |10.05| 1.62 |41.48| 2.33 [14.18
B Punjabi |42.51|47.56| 0.24 | 458 | 043 | 9.16 | 0.18 | 1.85 |73.63|78.75| 2.68 |11.52|83.74|65.36
O Sindhi |16.46| 9.2 | 0.02 | 0.11 | 5.27 | 6.57 | 0.01 0 0.15 | 0.09 |92.02|25.79| 0.08 | 0.81
O Pushto | 18.06| 9.94 | 73.98|73.55(32.16|21.61]|99.15| 97 | 0.87 | 1.81 | 0.61 | 7.96 | 7.62 [10.51
M Balochi| 3.99 | 2.69 | 0.01 | 0.03 |57.55|45.84| 0.04 0 09 (014 | 15 | 274 | 002 | 0.08
@ Saraiki [12.97| 546 | 3.99 | 3.15 | 1.87 | 4.16 0 0 (2144|838 |032|171| 03 | 153
| B Others | 4.53 | 4.93 |21.52]15.11] 2.51 | 9.24 | 043 | 0.96 | 102 | 0.78 | 1.25 | 88 | 5.91 | 7.53

Figure 2.3 Pakistani Population by Mother Tongue

2.1.8  Summary of Urdu

Syntactically, Urdu is a SVO (Subject Verb Objetdhguage that has very rich
linguistic features. Phonetically, Urdu is quitengar to Hindi. Written Urdu and Hindi
use different and mutually exclusive scripts. Hoarewn spoken form they appear to be
the same language. According to Rai and Alok [11@he man’s Hindi is another
man’s Urdu”. Urdu is written in Perso-Arabic scriphile Hindi is written in Devanagri
script. Many linguists consider Urdu and Hindi a gingle language because of their
essentially identical linguistic features and codt¢hat they are made as two different
languages for socio-political reasons.
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Urdu shares syntax, morphology, and the core vdaapwith Hindi. Thus Urdu is the
lingua-franca of the dense populated South Asias lindergoing gradual growth in
countries like United Arab Emirates and Saudi Asalbihere mostly informational
signage is written in Arabic, English and Urdu. Wrd also used in United Kingdom
and other parts of the world due to large Diaspditaus we expect that a large
population of users will benefit from our research.
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2.2 Keypads

In this section, we discuss various types of coptaary keypads that are commonly
used these days. We bring forward their limitatiansl usability issues etc. We point
out the need for designing and developing novelpkdg and suggest possible
improvements in the existing keypads.

2.2.1 Mechanical keyboard

A mechanical keyboard is the hardware keyboardislta device that uses an
arrangement of buttons or keys, to act as mechami@ectronic switches. A keyboard
layout is any specific mechanical, visual, or fumeal arrangement of the keys, legends,
or key-meaning associations. Mechanical layoutrsefe the placements of keys on a
keyboard. Visual layout is the arrangement of tbgehds i.e. labels, markings and
engravings which appear on individual buttons orskef a keyboard. Functional layout
means the arrangement of the key-meaning assowaltias determined in the software

for a keyboard.

Typically the keys on a mechanical keyboard areuged into sections with different
types of keys. e.g. character or letter keys, nigneravigation, function, editing,
modifier, lock and system and GUI keys.

Most of the generic computers come with mecharkeglboards. There are a large
number of national variants in keyboards that aeduin different countries of the
world, optimized for their respective languages &igglish, Spanish and Japanese etc.
The QWERTY type keyboards are the most common type of mechhkeyboard.
However there are other variants in use also @WERTZ, AZERTY, DVORAK and

those developed for non-Latin scripts.

Mechanical keyboards became the main input dewcedmputers after punch cards
and paper tapes declined in their use. We livdnvéndge of touch screen systems now.
The generic keyboards, mainQWERTY type, have migrated from mechanical to
virtual keypads that are used on touch screenmgstéhe lack of tactile feedback is a
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major handicap of generic keypad that stops it femmieving the same performance of
input as that of the hardware keyboard. Moreovertthditional mechanical keyboard
replica on small touch screen systems would regiasice much of screen space for
‘screen parking’. Thus we are at a turning pointime which require us to think of

potent techniques that would particularly suittinech screen systems.

We borrow the assessment method of virtual keydeat®s the physical hardware
keyboards evaluation technique. This comprise of mvajor parameters; a) the easiness
to learn and b) efficiency [126]. The former paréenetakes into account the time
needed for a novice to become a veteran with tlgbdad whereas the latter parameter
refers to the composing speed by a skilled usersea well familiar with the system
under study.

Design constraints are not limited to certain tgbelatforms, languages, devices and
their respective inherent features [11]. Theresamae additional design issues also that

are summarized in the following sub-sections.

At present, more and more data is being generatdduploaded using touch screen
smart gadgets [58]. These gadgets come in varibapes and screen sizes such as
tablet PCs and mobile phones etc. Recently, thave been zero button touch screen
laptop systems in the market e.g., the Acer ICONI@]. The current trends and types
of new gadgets being introduced in the market ssigtfee growth of touch screen

systems in the days to come.

2.2.2 Virtual Keypads

Virtual keypad is also called soft keyboard [128R15]. Unlike the physical hardware
keyboard(s), a virtual keypad shows up on the scréaus it consumes no physical
space in the real world. However, it needs a muebkipus resource i.e. the screen area
and uses some part of the same screen where dgpedsi.e. the editor [5]. This gives
rise to new concerns such as position, size, amhtation etc. of the virtual keypad

w.r.t. the editor. We can make the virtual keypadtext sensitive so that it is visible
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only when the user wants to input or edit text [L63Theoretically we can show
several distinct keypads at the same time, noretbel single user is expected to use
only one virtual keypad at a single time.

2.2.3 Contemporary and proposed keypads

Apart from the conventional QWERTY and Dvorak keghis, there are a number of
keypads used for text entry e.g. Multi-tap T9, odten-like, touch-and-flick, Septambic
keyer and Twiddler etc. [28][112][114][145]. Vari®types of input systems are used in
touch screen systems. Software solutions such ashddahave been developed
[33][54][118]. Dasher is a computer accessibilibpltthat enables users to write text
without using a keypad [34][41]. The concept isenicecause of it novelty but in
practical it is very difficult to adapt to becausfeits slow speed of writing, particularly
on small screen deviceQWERTY type keypad layout is the most common input
system for most of the languages in the presenflggL08][145]. However, it fails to
offer the desired performance and usability on logcreen platforms. On mobile
phones, Multi-tap T9 keypads have been tried ad.v&me developers rely on
improving the back-end solutions such as word ptemi, word completion, phrase
completion etc. in a bid to speed up the input @ss@and reduce typing effort and time.

We consider that keypad is the most basic and nmopbrtant tool that needs
improvement. An optimized keypad will enhance tkierall input system of any device.
In the following, we explain the generic in-the-ketr virtual keypads, OSKs
(On-Screen Keyboards) and the multi-tap T9 keypads.

2.2.4 Existing On-Screen keyboard

Microsoft Windows comes with a built-in soft keylidacalled theOSK. It supports a

number of languages including Urdu. This virtuayp@d is basically a replica of the
generic and classical QWERTY type hardware keyhod&dth the ‘Base’ and

‘Shift-ON’ layouts of Microsoft Windows OSK are sha in the following Figures 2.4

and 2.5. The ‘Base’ layout means the layout of kegpad when the shift key is not
pressed down while keying-in a certain key/charamtethe OSK.
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@ On-Screen Keyboard l=]E] & ]

File Keyboard Settings Help

F1 | F2| F3| F4 F5 | F6 | FT | F8

5112

F3 | F10 F11| F12] psc sl

ctrl @l | & el T Ll [E]

Figure 2.4 Base layout of Microsoft Windows 7 OSK.

# On-Screen Keyboard [=[E] & ]|
File Keyboard Settings Help

F5 | F6 | F7 | F8 F3 | F10 F11| F12 psc| s

| risfalt | 4%

Figure 2.5 Shift-ON layout of Microsoft Windows 7 OSK.

This OSK has migrated to many touch screen plagamoluding tablet PCs and smart
phones. However, in our research, we reached dusioe that this keypad does not
provide optimum performance and ease of use. [@etaibsults to back up our
arguments are presented in Chapter 4.

2.2.5 Multi-tap T9 Keypads

For mobile phones, Multi-tap T9 replica keypads al® in use. A typical T9 type
keypad for Urdu is shown in the following Figur& 2.

C

| oo Sitve  Jalr
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4&.»” $5h tree

ghi ikl mno

TE g G

tuv

e O+ #%

Figure 2.6 Samsung SGH-C140 Urdu/Arabic T9 keypad.
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The working of Urdu Multi-tap keypad is explained the Table 2.4. The term
Multi-tap means tapping (pressing) the same buteweral times to type a single letter.
For example in Table 2.4 if we wish to type thaédet: then we need to tap the key
with numeric digit 2 as a label. Tapping the samgdn VI i.e. 6 times would result in
producing the lettes on the screen. The key with numeric digit 1 aslatsel is
reserved for typing many special characters on dlame key. This makes typing
cumbersome and time consuming.

Table 2.4 Multi-tap input Table for existing T9 keypads

Numeric Buttons Number of tapsto typean Urdu letter
| I 111 v \% Vi Vi1

@) Qe | a3 Q&
® T O T T S IS
@ G| G| o
® (I A T T T I s T N T
® cl & T | T
@) O 3 |Re| s | &
digle & e o
©) Ll Ele e

Urdu letters are typed using numeric buttons lab&léhrough 9 (encircled digits) on a
multi-tap mobile phone Urdu keypad. The numeriddmutwith labels 0 and 1 are not
shown in Table 2.4 because they are reserved fandyspecial characters. The

22



left-most column shows the encircled numerals as headers that represent the
corresponding buttons of a multi-tap mobile phondukeypad. The column headers,
marked by Latin numerals, represent the Urdu letteat will be typed when the
corresponding button (numeral in row header) ipé¢aipressed a specified number of
times. For example tapping the number 8 button onige will type the Urdu alphabet
“&”. Tapping the same button seven times will resutyping the Urdu alphabet,”.

Both the above mentioned types of keypads arecdlffto use and slow on touch screen
systems. The multi-tap T9 type Urdu keypads havsugie shortcomings. According to
unigram Urdu letters frequencies, the lettef s the 2nd most widely used letter in
Urdu. Ideally high frequency letters should be typeéth single tap (press) of a button.
Table 2.4 shows that typing a single lettef’ tequires four taps of key? . The same

flaw applies to some other high frequency lettewal e.g. “,” on key ® and " on
key @ etc.

In the same way, the full sized QWERTY like keylisaare not free from weaknesses.
They are not feasible for touch screen devicegaiticular devices with small screen
where limited screen area needs to be used astuiélg issue becomes more
challenging when we design keypads for languagdis avilarge number of alphabets
such as Urdu language. The trade-off issues inagideposition of keyboard, editor, and
individual buttons etc. require great care at tegigh time. A good design must comply
with the five principles of Ergonomics; Performanésase, Aesthetics, Comfort and
Safety [165]. This goal becomes difficult to aclddal/large number of keys (for large

number of letters) have to be accommodated on 8 bmiéed screen area.

Keeping the above points in view, we propose né&egpads for touch screen devices
of different sizes. Careful thought process dutimg design phase enabled us to make
individual buttons large enough to be clearly Misiand suitable for easy typing of
Urdu text.

Hygiene is also one of the foremost important desagtors. We tried to develop the
keypads in such a manner that would be healthdiyehaving much visibility and

usability coupled with crafty arrangement of kelyattis ideal for fast, correct, easy and
efficient composing. Our optimization technique farangement of alphabets and
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unique interface for data input is extendable agda#ly applicable to other natural
languages and various sizes of touch screen devibesnext chapter discusses in much
detail, the hygiene and its importance in design.
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Chapter 3
Hygiene in Design

3.1 Introduction to Hygienic design

Different interfaces suit different devices for iss&vho need to input data in different
natural languages [11]. Full keyboard replica desigith base and shift versions e.g.,
QWERTY and Dvorak etc. cause usability problemswa#i as visibility problems
hence not viable for small touch screen system$[32][63]. The handheld touch
screen devices offer very little screen area foypke parking. This means that in
QWERTY type keypads, the individual key size toetyg letter becomes too small to
clearly see and type with fingers. Thus such a &dyp more prone to errors during text
entry. Besides, data input using small screen devizing about health hazards to the
user. Eyesight weakness, RSI (Repetitive Strainrieg) and CTS (Carpal Tunnel
Syndrome) etc. are only a few health hazards caogéechnology/devices that we use
in our daily life [6][63][111][128]. For examplenicase of eyesight, the closer objects
put greater strain on the muscles converging tles egtina [8]. Stress on convergence
system of eyes is crucial factor for strain [57][@806]. Thus we need to keep hygiene
in prime focus during design and development ofitrgystems, particularly for small

touch screen devices.

Repetitive Strain Injuries, Carpal Tunnel Syndror@eimulative Trauma Disorders,
ophthalmic endemics and other health hazards argedaby regular and prolonged use
of computers and its sister gadgets [32][99][1@&Jpan is among countries with the
highest percentage of users of computers and mdbiees. However the number of
Japanese suffering from weak vision and wearingtapkes or contact lenses is also
one of the highest in the world, perhaps due tooWer use of screens and computer
gadgets. According to Kenichi Tanaka [80], morentl#®% of Japanese population
suffers from weak vision and they need to wear tspodes or contact lenses.

Lately small touch screen devices and tablet P@sgaining popularity around the
world. Such devices are among the chief drivingcdaer behind miniaturization of
technology. Graphical User Interfaces (GUI) for Breereen devices are influenced by
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greedy approach i.e. display is cluttered withrimany options on a single small screen
[10]. Tiny icons, buttons and menus put excessirg@rson users’ eyes. Prolong use of
such GUIs expose users to potential ophthalmicrane By proposing novel hygienic
GUIs, we advocate that mammoth attention is requaedesign time so that use of
computers does not procreate hazards to humarhhealt

3.2 Methodology

Systems with hygienic GUIs can be created usingritytechniques of Medical,
Engineering, computer based Natural Language Psoaps(NLP) and Human
Computer Interaction (HCI) etc. We carried out expents on a large general genre
corpus of size 15,594,403 words from real worldadd/e used unigram character
frequencies to choose the base letters and bigharacter frequencies to determine
positions of individual keys on proposed keypads. Mtiuced Urdu alphabet-set from
58 to 38 letters in order to reduce the numberutfoms required on our keypads. This
enabled us to develop clearly visible keypads thdtless strain on users’ eye. Our
proposed new Romanization called JaPak IEOU enspesdy and correct typing.
Onion skinning is also used in creating our keypghds ensures better visibility through
creation of larger buttons that also enable blma:h composing.

We put forth hygiene in prime focus at the desigret Small devices put more strain
on eyes due to acute and meager visibility [4][8][27]. When a user looks at any
close object, his/her eyes do two things; they awnodate and converge. Both of
these can contribute to eyestrain [25]. RPA (RegsBwoint of Accommodation) and
Convergence prospects are among important consiolesaat the design time. These
are explained further in the following.

3.2.1 Resting Point of Accommodation

Resting Point of Accommodation (RPA) deals with geent when the lens capsule
changes shape to focus on a close object [57]. Humges have a default
accommodation distance called RPA. This is theadist at which the eyes focus
when there is nothing to focus on. The RPA aver&feiches for younger people
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and gets farther away with age. In the mid-1980syas thought that people would
have less eyestrain if the monitor were placedhatdistance that coincided with a
person's resting point of accommodation. RPA remanvital design parameter.
However more research has shown that the RPA itheainly consideration.

3.2.2 Convergence

Convergence allows the image of the objects torbgegted to the same relative place
on each retina [8]. Convergence is when the eymsitward toward the nose when we
view close objects. The closer the objects, thatgrethe strain on the muscles that
converge the eyes. Without accurate convergencegweouble images.

3.2.3 Resting Point of Vergence

The visual system also has a resting point of verg¢RPV). It is similar to the resting
point of accommodation, but it's the distance atctvithe eyes are set to converge when
there is no object to converge on. It's also knewmlark vergence which means that in
total darkness the eyes are set to focus at acpkatidistance so that if the lights were
turned on, an object at that distance would bdegarcocus. The RPV averages about
45 inches when looking straight ahead and cometoimbout 35 inches with a
30-degree downward gaze angle. Research by Jasciinkza [57] and Owens and
Wolf-Kelly [104] have shown the stress of convergercontributes more to visual
discomfort than the stress of accommodation.

3.3 Literature Review

In order to investigate the effect of the abovetdex; Jaschinksi-Kruza [57][166]
carried out a research study in which they dividatjects into two groups, near and
far resting points of accommodation. The first fhegroup had RPAs of around 20
inches. The second (far) group's RPAs averageddi@es. Both groups worked on
computers at viewing distances of 20 inches anihdfes. As expected, the near group
had less eyestrain working at 20 inches than th@raup. But both the near and far
groups had less eyestrain at the 40-inch distaBogh groups judged the 20-inch
monitor distance as "too near," and both groupsted the 40-inch distance. Although
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their resting points of accommodation were difféy&oth groups had far resting points
of vergence. Jaschinski-Kruza concluded that "tihess on the convergence system
may be the crucial factor for visual strain.”

When Jaschinski-Kruza measured performance, hedfthiat both groups performed
better at the 40-inch distance than they did aPhénch distance.

Research by Owens and Wolf-Kelly [104] found thiaérmone hour of near work, the
resting points of both accommodation and vergehdéesl to a distance closer to the
eyes. The size of the shifts depended on the gegtoints before the near work:
Subjects who began the session with far restingtptiad the greatest inward shifts.

They found that the greater the inward shift in thgting point of accommodation, the
greater the reduction in visual acuity, or keennedsen viewing a distant target.
Changes in the resting point of accommodation daitlaorrelate with subjective eye
fatigue. On the other hand, greater inward shiftthe resting point of vergence were
associated with greater eye fatigue, but not whidinges in visual acuity.

When a user works at close distances, the visissyadapts by bringing the resting
point of vergence closer. That inward movementadd the visual system's reaction to
fatigue. While continually viewing objects closéah the resting point of vergence has
been found to contribute to discomfort, no studiese shown greater fatigue with
viewing distance farther than the resting pointvefgence. What does this mean in
practical terms? To answer this question, we neefintl answers to the following
question.

3.3.1 How far is adequate?

It's clear that if a user can't read charactertherscreen, the viewing distance is too far.
One of the recommendations can be that insteadowfng the screen closer, the user
should make the characters larger. The guidelirm®mmending close viewing
distances can only encourage the computer industrynaintain relatively small
characters. Those in turn, force closer viewindatises and can perpetuate eyestrain
[26][56].
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The limitation of arm's-length distance from monitanost likely came from
recommendations on monitor placement in cockpi&SA Standard 3000 [99] limits
the displays that have associated controls. THaased on reach distance. While that is
only for displays located close to their associatewirols, the motion of reach distance
has been used in other guidelines [165].

3.3.2 How close is too close?

It is difficult to set an exact limit for a minimumewing distance. If sustained viewing
closer than the resting point of vergence contebub eyestrain, perhaps we should say
that eye-screen distance should not be closerttiemesting point of vergence [111].
The safe ratios for distance of eyes from a genmnitor's screen are tabulated in
Table 3.1.

Table 3.1 Safe ratio for distance between eyesareen

Zone Distance

Inches Cm (~)
Usual <=10 <=25
Occasional 10 To 25 26 To 65
Rare >= 26 65+
IDEAL 18 To 28 45 To 70

The clarification is important that the values memed in the Table 3.1 are not
universally true for all users. The main reasonimelt is that the ‘comfortable and best
viewing distance’ varies from user to user. It isi@st impossible to put an absolute
number on the best distance between eyes and scFben depends on numerous
factors such as font size, screen resolution, zZiewel, brightness, sharpness and colors
etc. It is recommended that a monitor should Heaat 25 inches away from user’s eyes.
Nonetheless, closer-viewing distances do not batbere people.
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For small screen like mobile phones somewhere letweur resting point of vergence
and 6 inches in front of your nose you are goingxperience discomfort. That distance
iIs a combination of gaze angle, how long you'venbeerking at the computer, your

individual visual system's capabilities, and a nemdf other factors.

3.3.3 How far is too far?

Based on visual fatigue considerations farther ingwlistances are better, at least up to
the RPV. For example, if the RPV is 35 inches, yte-screen distance of 25 inches is
preferred to 20 inches. Thirty-five inches is bettean 25 inches. Viewing distances
beyond 35 inches (the RPV in this case) shouldheeihcrease nor decrease eyestrain.

To allow for greater eye-to-screen distances, waslrig/gienic input systems, software
programs and devices. We need industry standardscksar guidelines that force
manufacturers fabricate systems such that they e people to use systems other

than the distances and postures which they areartabfe.

3.4 Musculo-Skeletal Disorders

Eyes are not the only part of human body affectgd\eruse of screens. There are
many kinds of medical conditions that have ergomooauses among office workers,
including muscle disorders, tendon disorders, ardendisorders [124]. These are often
collectively referred to as MSDs (Musculo-skeleRikorders) which describes the
affected tissue rather than the inferred causenefdisorder. RSI (Repetitive Strain
Injuries), CTS (Carpel Tunnel Syndrome), CTD (Cuative Trauma Disorder) and

ophthalmic endemics etc. are also caused by reguidmprolonged use of computers
and its sister gadgets [99][106]. To make the useomputers and other modern
handheld gadgets hygienic, some hardware solutiamsl rule of thumb

recommendations are mentioned in the following.
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3.5 Ergo-Keyboards

Ergo means Ergonomics. It is the science of geretek and principles that guides
designers to develop systems that are compliarit Siprinciples called the 5-golden
principles of Ergonomics i.e. safety, comfort, peniance/productivity, ease of use and
aesthetics [1][8][23][56][116]. Ergonomic Keyboardee hardware keyboards that are
compliant with the principles of Ergonomics. Theimpurpose of Ergo keyboards are
to use different muscles during keying. Maintaihyaienic posture during keying is
important. The main target postures are deviat@de(vays bending at the wrist) or
pronation (working with palms facing the floor). dther important consideration is to
reduce awkward postures of the arms or hands dukewng. A prolong use of
keyboard in a too much bending posture would leadvtist disorder called CTS
(Carpal tunnel syndrome). Thus making an awkwagleaduring typing puts too much
strain on wrist and should be avoided.

CTS or median neuropathy it the wrist is a medicaidition in which the median nerve
is compressed at the wrist, leading to paresthesias is caused mainly by improper
angle of the wrist for long hours repeatedly argufarly. According to The American

Society of Plastic and Reconstructive Surgeons, &ffégts more than 250,000 workers
per year in the United States. If delayed, thettneat for such problems is possible
only through surgery and the user might need tor W8& wrist brace for the rest of

his/her life. A wrist brace or CTS splint is shoimrthe following Figure 3.1.

Yo A ]

Figure 3.1 A carpal tunnel splint to keep the wrist straight!.

1 Image courtesy Wikipedia URL http:/en.wikipedia.org/wiki/File:Carpal_tunnel splint.jpg
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Eyes can tire if a user gazes at something foldng. Eyes need to focus at different
distances from time to time. It's a good idea tthot@ and implement the "20/20
reminder"; every twenty minutes, look twenty feetg for twenty seconds [101][164].
Eyes are strained more by close viewing than btadisviewing. The "right" distance
for computer monitors and documents depends entirehow clearly they can be read
at a given distance. The general rule is to keepvedl material as far away as possible,

provided it can be read easily.

In VDT workstations, the principal factors affegithe ability to see well are glare,
amount of light, distance between the eye and ¢hees object and the readability of
the document. Additional factors are the users’ owigion quality and luminance
between what is being looked at and its immediatérenment.

Last but not the least, it is the responsibilitypoth hardware and software vendors to
develop solutions and systems that make the ussmputers and modern gadgets
hygienic. We took users’ health in prime focus dgrthe design and development of
our proposed touch screen keypads. At the same tme keypads facilitate fast,
correct and easy composing. This makes the ovaskl of composing hygienic, much

safer and with good aesthetics.
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Chapter 4
Proposed Keypads

This chapter is about our proposed keypads. We dilscuss the existing keypads
produced and marketed by various multinational pceds and compare our proposed
keypads against them. This chapter is dedicatedit@ublished research work where
we explain our research methodologies, experimamisfindings. We illustrate various
keypads developed by us and present results on ¢beiparison with the existing
in-the-market keypads. We also discuss our evalndagchniques are also discussed in

this chapter.

We organized this chapter into the following twojonaections.
4.1 Multi-tap T-9 keypads

4.2 Single-line, full keypads and 8-Keys keypad

Each of these sections is explained in detail enftilowing.

4.1 Multi-tap T-9 keypads

Like other countries of the world, the use of gallones has become prevalent in
Pakistan as well. Several cell phone manufacturave incorporated Urdu language
keypads into their cell phone products. This secgves an introduction about the
existing multi-tap mobile keypads. We point out lgems in the existing keypads
and propose an improved counterpart layout of Ugaracter set on contemporary
cell phone 12-buttons multi-tap T9 type keypad.

The generic (non touch-screen) cell phones usaralatd telephone 12-key keypad.
The standard numeric telephone keypad containssddg®, * and # symbols. The cell
phone keypad also contains characters on keys rftarieg text into cell phones.
Several characters are mapped to the same keydsmecdismall number of buttons
available on cell phone keypads. The multi-tap oetis the simplest text entry method

33



in such situation. In multi-tapping, the user pessgach key one or more times to
specify the desired input character. Bilingual kesfals provide the ability to enter text
in different languages. Urdu-English twelve butkayboard is a bilingual keyboard for
cell phones. The smallest alphabet of Urdu cont@8®detters compared to English
language, which contains 26 letters. The larggstaddet of Urdu contains 58 letters
[2][47] [89]. For multi-tap optimized keypad desjgme used Urdu alphabet containing
45 letters [87]. The large number of charactergidu language makes text entry very
slow. Moreover, out of the 12 keys on mobile phooely 8 are used for entering text.
All of the major brand cell phones use a standaagppmg of Urdu characters given in
Table 4.1. The columns show the characters thateityped when the corresponding
key (numeral in row header) is tapped/pressed efggenumber of times mentioned at

column headers.

Table 4.1 Existing 12-button Multi-tap input Table for exisg T9 keypads

Order
Key I | Il Y Vv Vi VI
29 - - & 3 & &
3 } | 3 5 & is
I T - S
5 3 3 5 ) 5 3 5
6 z g C Z
/ O 3 A & £ e
8 — ) < £ J 2 J
9 LI L ¢ E
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Figure 4.1 Nokia 3250 Urdu/Arabic T9 keypad

The existing layout for Urdu language is deriveahirstandard Arabic keypad. This is
implemented on many handsets produced and markstedell-known mobile phone

set producers such as Nokia 3250 and Samsung S@Bl\@lich are shown in Figure
4.1 and Figure 4.2 respectively.

N A

, fo16) 7 ey 3d;|!

abc

& ol o 3

4»\"’%&»-' ]j)'-\é - (el

gh| ]kl mno

$Iad gt ek
7 8 PSSad wXyz

pars tuv

e O+ #%

Figure 4.2 Samsung SGH-C140 Arabic/Urdu T9 keypad

The extended keypad layout for Urdu is implemerigdhandsets such as Samsung
SGHC140 (www.samsung.com) (Figure 4.2). This mappéinefficient in terms of
key strokes per character (KSPC) and key strokesmped (KSPW). The layout of

characters for Urdu language on cell phone keypad e improved based on the
frequency analysis of Urdu letters.
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4.1.1 Frequency Based Character Mapping

Frequency based cell phone keyboard layout has Hesmned and developed for
English language to make typing English text oh glebnes easier and faster. For Urdu
language the optimized layout presented in Tat#lasAbased on | frequency analysis of
16,638,852 words raw corpus. The frequencies awiddal letters in the corpus are
shown in Table 4.3. The ordering of characters achekey was decided based on
digraph frequencies. Figure 4.3 shows the optimizeypad based on unigram letter
frequencies as shown in Table 4.3.

Figure 4.3 Optimized multi-tap frequency based keypad layout

The letters on the keypads in the above Figurésdd#ferent than the existing
in-the-market mobile phone handsets. This arrangeméased on the frequencies of
individual Urdu letters. This means that the lettet is used the most by Urdu users
would be readily available for typing, in most casa a single tap of the key on which
that particular letter has been mapped. The omig@aarangement of letters with their
corresponding keys has been tabulated in Tabldt4s2worthwhile a mention here that
there is no letter that will need 7 taps of a rigly, hence the last column with the row
header VIl is left blank in our proposed optimized frequency based 12 button T-9
type keypad.
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Table 4.2 Optimized 12-button keyboard layout

Numeric Number of tapsto type an Urdu letter
Buttons
I I Il Y \Y \ VI
@ ' ¢ d T E id
@ ¢ < K¢ J J 3
@ S| o | o | oa | 35
@ J Jd Iy d L 5
@ 3 < d d d <
@ o 3] (=] o L]
P K] a | [
® 0| @ | & | b 3

The proposed optimized layout shown in Table 4 Based on the frequencies of Urdu
characters. The layout has been constructed by inamonsecutive characters from
rows of Table 4.3 to cells of Table 4.2.

4.1.2 Evaluation

The proposed keypad layout has been evaluated amaatbr-set and words from the
lexicon derived from Urdu corpus. Table 4.3 shotes tcomparison of keystrokes per
letter for individual Urdu letters on ‘standardytaut and frequency based layout. The
keystrokes per letter for ‘standard’ layout are vehoin column named KSPL-S
(Keystrokes per letter on Standard layout). Theirmol with KSPL-F (Keystrokes per
letter on Frequency based layout) shows keystrpkesetter on frequency based layout
keypad.
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Table 4.3 Keystroke per letter comparison
Uni = Unicode
KSPL-MT = Required key strokes per letter usingtivtap design

KSPL-TS = Required key strokes per letter ustngh screen design
Uni Urdu Frequency| % KSPL-S |[KSPL-F | S-Exp | F-Exp
letter

627 ) 6733610 12.24 1 1 12.24 12.24
6ce 7 5752357 10.45 4 1 41.8 10.4%
6a9 < 3911143 7.11 3 1 21.33 7.11
631 J 3669392 6.67 4 1 26.68 6.67
648 3 3327481 6.05 2 1 12.1 6.05
6¢cl ° 2994305 5.44 5 1 27.2 5.44
6d2 < 2857846 5.19 5 1 25.95 5.19
646 d 2773651 5.04 1 1 5.04 5.04
645 a 2684946 4.88 6 2 29.28 9.76
62a @ 2117669 3.85 3 2 11.55 7.7
633 a7 1987451 3.61 1 2 3.61 7.22
644 J 1915841 3.48 5 2 17.4 6.96
628 < 1492997 2.71 1 2 2.71 5.42
6ba J 1469466 2.67 7 2 18.69 5.34]
62f ] 1431230 2.6 1 2 2.6 5.2
67e ¢ 914273 1.66 2 2 3.32 3.32
62c d 844670 1.53 1 3 1.53 4.59
6be A 800600 1.45 3 3 4.35 4.35
626 I 664594 1.2 6 3 7.2 3.6
6af < 643263 1.17 4 3 4.68 3.51
639 I 636166 1.16 3 3 3.48 3.48
641 o 546973 0.99 1 3 0.99 2.97
642 T 544460 0.99 2 3 1.98 2.97

38



Uni Il;:?eur Frequency| % KSPL-S |[KSPL-F | S-Exp | F-Exp
634 o 532262 0.97 2 3 1.94 2.91
62d z 501602 0.91 3 4 2.73 3.64
632 J 454158 0.83 3 4 2.49 3.32
679 & 420666 0.76 5 4 3.8 3.04
686 z 358159 0.65 2 4 1.3 2.6
62e ¢ 352729 0.64 4 4 2.56 2.56
635 ol 327434 0.59 3 4 1.77 2.36
622 [ 259879 0.47 2 4 0.94 1.88
637 b 220613 0.4 1 4 0.4 1.6
688 3 183081 0.33 2 5 0.66 1.65
691 3 143244 0.26 5 5 1.3 1.3
636 ol 142813 0.26 4 5 1.04 1.3
638 ] 104163 0.19 2 5 0.38 0.95
63a d 100331 0.18 4 5 0.72 0.9
630 3 79372 0.14 6 5 0.84 0.7
62b & 69641 0.1 6 5 0.6 0.5
624 3 32355 0.06 3 5 0.18 0.3
621 s 24930 0.045 5 6 0.225 0.27
6c2 5 4390 0.007 4 6 0.028 0.042
698 3 2522 0.004 7 6 0.028 0.024
629 8 2275 0.004 4 6 0.016 0.024
6d3 P 1479 0.002 6 6 0.012 0.012
Total 55032482 100 154 150 309.7 166.

The last two columns of Table 4.3 show the expectellies of keystrokes for
‘standard’ (S-Exp: Standard
Frequency based layout Expectancy) layouts resfgdgtiThe expectancy values for

layout Expectancy) ainelquency based (F-Exp:

each character have been computed by multiplyingepéage by the number of
keystrokes required by each layout. Total of thpeexancy value of all the characters
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for the ‘standard’ layout i.e. 309.7 is much largean 166.5 for frequency based layout.
As a result, most frequently occurring charactees tgped quickly compared to the
least occurring characters. The layout has alsm lee@luated on 100 most frequent
Urdu words. The total number of keystrokes for 1@@st occurring words in
contemporary existing layout is 917 where as ingraposed layout it is 457 which is
an improvement of 50.16%. The number of keystrokegsiired for a lexicon of 51218
words (excluding the probability of each word) reed by 36.74% KSPW in frequency
based layout KSPW (key strokes per word) whichsgaificant improvement over the
current standard layout KSPW.
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4.2 Single-line, full keypad and 8-Keys keypad

In this section, we introduce different input syssefor different types of devices based
on their sizes as medium screen (Single-line keypadablet PCs), large screen (full
touch screen PCs) and small screen (8-keys kejgadmart phones). We used
separate techniques that suit each of the threestyd devices. We designed and
developed novel keyboard and keypads for text ilgouvarious types of touch-screen
devices. All our proposed keypads are optimized domposing Urdu and equally

applicable to other Perso-Arabic script languageshsas Arabic and Persian etc.
However, after small changes our proposed modefs lm used for non-Arabic

languages also particularly those languages that lexger number of letters in their
respective alphabets.

Urdu is the 2nd largest Arabic script language etiog to the number of speakers [79]
[43]. However its little presence on the internees not qualify its rank [11]. Among its
major causes is the limited platform support andagee interface designs for
composing write-ups in Urdu. Designing optimizeddWrkeypads for small screen
widgets is a knotty problem since Urdu has a neddyi large alphabet set. Various
sources and/or authors report different number ettels in Urdu letter set
[52][83][87][11]. In addition, Ligatures and Diatigs are also borrowed from Arabic in
Urdu but their unigram frequencies are very lowgdtures are fixed blocks of letters
each represented by a Unicode. Therefore we adldctitem a single button on our
proposed keypad layout. Diacritics form anotheraddow frequency characters. They
are small macrons like characters normally useshtonv the correct pronunciation of
letters in a word. Both the Ligatures and Diacsitare used mostly in religious texts
that have been borrowed as it is in Urdu from Acaind Persian.

In line with the growth of touch screen devices, E® (Input Method

Editor/Environment) and on-screen/virtual keypadsehbeen hot areas of research
lately [145][60][5]. Composing Urdu on generic tbuscreen gadgets and PDA
(Personal Digital Assistant) is a thorny job. Mampdern gadgets either lack a good
interface for typing Urdu e.g. Apple iPhone 4, oowpde sluggish, inconvenient and
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hard to use keypads. There is no widely used agrped keyboard or IME for Urdu
[10].

We live in the age of touch screen gadgets boora.fliture trends also show promising
growth for them. Currently available input systedeveloped for standard PCs have
room for improvement in efficiency, visibility angsability etc. The English QWERTY
type keypads are not suitable for data input ofjleges with relatively large letter-sets.
This concern becomes graver for non-Roman scrigdages such as Urdu and other
Perso-Arabic script languages. Although it is spokg a large population (shown in
Table 2.1), the presence of Urdu is quite limitedtlle WWW. Among others, one of
the reasons is the difficulty in composing Urdurandern computers particularly the
touch screen devices. This problem gets more aritic small screen handheld gadgets.

We developed a novel keypad for Urdu that is coamplivith five golden principles of
Ergonomics i.e. Performance, Ease, Aesthetics, Ganaind Safety. Our suggested
keypad has been optimized for accurate, easy, gpeed efficient typing on small
touch-screen handheld gadgets. We carefully dedigune proposed keypad so that it
offers better visibility, usability, aesthetics amder friendliness. Our optimization
technique for arrangement of alphabets and unigfeeface for data input is extendable
and equally applicable to other natural languagiis harge letter-set, in particular the
Perso-Arabic script languages such as Sindhi, KagHPoinjabi, Pashto etc.

At present, more and more data is being generatdduploaded using touch-screen
smart gadgets that come in various shapes andnseiees such as tablet PCs and
mobile phones etc. Recently, there have been zgtorbtouch screen laptop systems in
the market e.g., the Acer ICONIA. The current ieand types of new gadgets being
introduced in the market suggest the growth of ltoscreen systems in the days to

come.

Different interfaces suit different devices for iss&vho need to input data in different
natural languages. Full keyboard replica designth wase and shift versions e.g.,
QWERTY and Dvorak etc. cause usability as well esbility problems; hence not

viable for small touch-screen systems. Besides|lsti@en devices bring about health
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hazards to the user. Eyesight weakness, RSI (Repebtrain Injuries) and CTS
(Carpal Tunnel Syndrome) etc. are only a few heditlzards caused by the
technology/devices that we use in our daily life.

For example, in case of eyesight, the closer objpat greater strain on the muscles
converging the eyes retina [8]. Stress on convegegstem of eyes is crucial factor for
strain [57][99] [106] Thus we need to keep hygiémerime focus during design and

development of input systems, particularly for drit@ich-screen devices.

Thus we tried to develop touch-screen keypads wlwatld be health friendly having
much visibility and usability coupled with craftyrangement of keys which is ideal for
fast, correct, easy and efficient composing. Ouimaigation technique for arrangement
of alphabets and unique interface for data inpeixiendable and equally applicable to
other natural languages and various sizes of teaden devices.

4.2.1 Proposed Virtual Keypads

Apart from the conventional QWERTY and Dvorak keghis, there are a number of
keypads used for text entry e.g. tap, odometer-kikkech-and-flick, Septambic keyer
and Twiddler etc [28].

Existing on-screen Urdu keyboard is replica of Msoft Windows QWERTY type
keyboard. For Mobile phones, Multi-tap T9 replicgykads are in use. The working of
existing Urdu Multi-tap keypad is already explainedhe Table 4.1.

Full sized QWERTY like keyboards are not feasibte fouch screen devices, Iin
particular devices with small screen where limigseceen area needs to be used astutely.
This issue becomes more challenging when we ddsgpads for languages with a
large number of alphabets. The trade-off issuesz@ and position of keyboard, editor,
and buttons etc. require great care at design #ngood design must comply with the
five principles of Ergonomics; safety, comfort, easf use, productivity/performance
and aesthetics [165].
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Keeping the above points in view, we proposed tiwing keypads for medium,
large and small size touch screen devices.

4.2.1.1 Proposed keypad for Tablet PCs
(medium size touch screen devices)

Urdu letters can be grouped based on their shagesrkg their alphabetical order can
still be preserved. The similar shaped letters Haaen grouped on a single button in
our proposed keypad for Tablet PCs. All the letaes arranged in a single line. Thus
we can call this a single line home row keypad.sTairangement eliminated the
homing time, the time required by a user to move#har finger from home row and

then come back to the same position on a hardweyledard or a soft keypad. Homing
time is much longer on touch screen systems as adpto hardware keyboard
because the user cannot touch the screen physi€altyproposed keypad for medium
size touch screen devices is shown in Figure 4.6.
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Figure 4.4 Proposed keypad for tablet-PC
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There are 10 buttons for typing Urdu that show tbheresponding letters in native
alphabetical order with some letters shown on ttiges of buttons. All the letter
typing buttons are shown on a single row called lloene row. Unlike hardware
keyboards, it is very difficult to return fingers Exactly the same position on a
touch-screen keypad. Thus we arranged all thersette a single row so that the user
doesn’t need to lift the entire hand in order tpetya letter. The user will keep both
hands all the time above the single row also cahedhome row. The user just needs to
touch and flick in order to type a certain lettEhe little finger of right hand will type
the rightmost button on the keypad while the lififgyer of the left hand will be used to
type the leftmost button on the keypad. Lettersthanright most edge and left most
edge are too close to the end of the keypad anddfeen. To type these letters, a user
will need to move his/her little finger only 5 pigeon the desired button of the keypad.
The four middle buttons will be typed using theerdingers of both hands. The reason
for this is that the index fingers are the stronggsing fingers [105].

The lower row includes some familiar special bustanth additional button i.e. Lig and

Diac. These terms stand for Ligatures and Diaeritgspectively.

4.2.1.2 Proposed keypad for PCs
(large size touch screen devices)

Figure 4.7 shows our frequency based full keybdaydut for touch screen systems.
The current layout for Urdu keyboard is a replich Microsoft Windows OSK
(On-Screen Keyboard) as shown in Figure 2.4(a)Fagdre 2.4(b) in chapter 2 of this
dissertation report. This keyboard is not frequebaged and has much room for
improvement in that some high frequency letterstgped in combination of Shift-key,
the last thing a user will need. Similarly, the tbons arrangement is not frequency
based. Using Shift version of the keypad, showhRigure 2.4(b), would require double
labor and double amount of time in typing.

We solved these problems and proposed the frequesegd full keyboard layout as
shown in Figure 4.7. Based on the feedback fronvtthenteering subjects, the detailed
performance examination of this keypad was not défwmvever the new layout has
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eliminated the Shift version of Microsoft Windowsptica. We also re-arranged the
position of keys based on the frequencies of imdial letters such that the most
frequent letters should be typed by the stronggsing finger i.e. the index finger.
Another point in this arrangement is that the kelyjsasuitable for alternate hand typing
which makes the typing much faster and easier.dJsittomated procedures to compare
the existing and our proposed keypad would be afomyard.

There are some additional issues related only @atdbch-screen keypads such as the
inter-keys distance and the neighborhood of somedsird keys might also be required
to change. One such example is the neighboring ey “Backspace/Delete” and the
“Enter/Return” keys. If user tries to touch-typéete are chances of touching a
neighboring key by mistake. We suggest that “BaakefDelete” and the
“Enter/Return” keys should be designed and placgdyafrom each other on touch
screens. Also there should be some pixels leftkblzetween every two neighboring
buttons on the keypad to reduce typing mistakes. gboposed keypad for large size

touch screen devices is shown in Figure 4.5
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Figure 4.5 Urdu letters with their corresponding positiors& on QWERTY keypad
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4.2.1.3 Proposed 8-Keys keypad
(small size touch screen devices)

This section presents a deep and detailed insiglauo proposed keypad for small size
touch screen devices such as smart phones and f2fsonal Digital Assistant) etc.
For the sake of brevity, we also call it 8-Keys jpag¢t because it contains only 8 buttons
in its base version. It is worth mentioning thatituser prefers then s/he can use our
proposed keypad on tablet PC and full sized zettmbuouch-screen PC such as Acer
ICONIA laptop etc. However, we recommend this kelypar small sized touch-screen
devices.

Figure 4.4 shows the base image of our proposepldrecy-based keypad for touch
screen mobile phones. The individual letters arecsed based on their unigram
frequencies in 55-million characters corpus. Tharsgement of characters is done on
the basis of their corresponding bi-gram neighbodhtrequencies. The letters in the
base version, as shown in Figure 4.4, are not gecim alphabetical order in Urdu. The
base version of keypad shows the most frequentdy Wdrdu letters. This results in

much faster and more accurate composing of Urdu. tégr the sake of easy

understanding, all the remaining Urdu letters viié shown in small font on the

corresponding 8-edges of each button. The leftinogbn on lower row is reserved for

changing the input language, switching to and ftbennumeric and special characters
keypad or typing Ligatures and Diacritics etc.

Figure 4.6 Proposed keypad for touch screen mobile phone.

The working of our proposed keypad is explained/asn a “button press” event occurs
then a single button gets the focus and expandsansmaller sub-keypad with the
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pressed letter displayed in the center of surroumtbtters. Up to 8 neighboring letters
of the pressed letter are displayed. These 8 niggrdeare displayed on a separate layer.
The newly displayed 8 letters consist of 4 horiabmeighbors and 4 diagonal
neighbors. The user will need to flick his fingarthe direction of a particular letter in
order to type it. In case of typing a base letter flick is required. Only tapping the
base letter will do the typing. Beginners will netedlook at the screen to select the
correct neighboring letter. However experiencedaisan “touch type” in order to type
their desired letter(s). The term “touch type” snetimes referred to as “blind touch”
also. The individual button sizes are big enoughblond touch and/or thumb typing.
The size of buttons and their dimensions are flex#md can be adjusted according to
the device on which the keypad is required to h@dayed. A technique called “Onion
Skinning” is used to show the new layer on tophe base layer. The diagonal and
horizontal neighbors appear on a new layer on fapeobase layer. In practice all the 8
neighboring letters will be visible and availabler fuser to type. The diagonal
neighboring letters can be used by a user justttikehorizontal neighboring letters and
vice versa. The event of a “button press” is illatd in the following Figure 4.7 where
the horizontal and diagonal neighbors are showrarségly for better visibility and
aesthetics.

Horizontal Neighbors Diagonal Neighbors

Figure 4.7 lllustration of a button/key press event

For evaluation of our novel proposed keypad, wéopered two types of evaluations; a)
Automated evaluation procedure b) User evaluatiur. automated experiments on a
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large Urdu corpus reveal more than 52% improvenmesmr contemporary keypads
available in the market. We also carried out readlavanalysis through user evaluation.

Handheld touch screen widgets come in various s@as proposed keypad is flexible
enough to adapt to different screen sizes. Hensepivssible to increase or decrease the
width or length or both to fit the screen dimensiari a specific device on which this
keypad is required to be deployed. For examplé\fiple iPhone 4S, the recommended
dimensions are as follows.

Table 4.4 Recommended size (in centimeters) of proposed keypad for Apple

1iPhone 4S
Width/Height Length
Keypad
(bas%pform) 2.50 5.00
Button
(base form) 1.25 1.25

The above width, height and length are valid whas Phone is in portrait mode.
Recommended size depends on whether iPhone igtiraiponode or landscape mode.
In case, iPhone is in landscape mode then the memted size should be much longer
horizontally. That is also incorporated in our pyeped model.

The experimentation and comparison statistics obua keypads have been tabulated
in the following.

4.2.2 Experimentation

We carried out experiments on a general genre ggwbrpus of size 15,594,403
words. Existing touch-screen systems start wordiptien as soon as the user types the
first letter. For words with length up to two lete this seems to bring hardly any
improvement to the typing speed. On the contrdargnakes the system more complex,
memory hungry and larger in size putting more loadCPU. We recommend that word
prediction should start after the second letter bhasn typed by the user. Out of
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15,594,403 words, 4,784,234 words are less thaguaal to two letters in length. Hence
for the experiments of this study, we used a redlwoepus of size 10,810,169 words.

In practice it is faster to type on touch-screeamtbn multi-tap systems. Research that
studies comparing the performance of touch scredmaulti-tap systems could not be
found. Thus for this study, we assumed “a touchia¢do the “a tap”. This puts bias in
favor of the multi-tap systems.

The base form of keypad shows the most frequestiy Wrdu letters. This arrangement
of letters is done on the basis of the bigram ddtegjuencies. The bigram neighborhood
frequencies reveal that this non-alphabetic arnanege of Urdu letters alone gives
amicable amount of 17% improvement in composingulext. Results on comparison
analysis are shown in the section 4.2.6.

4.2.3 Methodology

The methodology we adopted is mentioned stepwisigeifiollowing.

1. Calculate a frequency distribution for the womdsan Urdu corpus of 15,594,403
words

2. Calculate a frequency distribution for the alpéts in the words i.e. the Unigram
frequency distribution

3. Calculate a frequency distribution for the antvords neighborhood of alphabets i.e.
the characters bigram frequency distribution

4. Based on unigram frequencies, decide whichadets will be on displayed in the
“Base Version” of the keypad

5. Based on bigram frequencies, decide the orfl@pimabets for display in “Base
Version” of the keypad

6. Carefully design the input method keeping imancertain additional factors such as
health issues and Ergonomics

7. Compare the existing and proposed system singble statistical models
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4.2.4 Model Used

In order to measure the efficiency of our propdseypad, we used the model presented
by Mark D. Dunlop and Finbarr Taylor [92].

T(P) =Th + w (KwTk + r(Tm+Tk))

where

Th = 0.40s> homing time for the user to settle down on keydoar

Tk = 0.28s~> time required to press a key

Tm = 1.35s> response time to a word prediction event

Kw = 5.421 (U)-> average length of an Urdu word (our modificationthe original
model)

w = No. of words

r = 1.03- ranked word list selection tifhe

To date, there is no full-fledged Urdu word preigtiIME. In case of English and some
other languages, existing touch screen systemisvatad prediction as soon as the user
types the first letter. For words with length uptwe letters, this seems to bring hardly
any improvement to the typing speed. On the contrirmakes the system more
complex and larger in size putting more overheadC&. We recommend that word
prediction should start after the second letterbbesen typed by the user. In the corpus
we used, out of 15,594,403 words, 4,784,234 woredess than or equal to two letters
in length. Hence for the experiments of this study, discarded the words having
length less than or equal to two character. Thenmeason to do so is; by the time the
system is able to predict the desired word, the wdkhave already typed two letters or
tapped the screen twice. Users’ evaluation showatresponding to a word prediction
event and then tapping the appropriate option thkeger than typing the next alphabet
from the keypad. Reducing the size of corpus gav¢ha extra advantage of using a
smaller corpus of size 10,810,169 words that sub=@ty resulted in the low CPU

overhead and less memory requirement for our pexpogput system.

2 Tm and r are related to word prediction which separate area of research, beyond the scoperefiturork. This
makes the last term in the model zero which hasffieot on calculating the performance of our toscteen keypads.
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4.2.5 Repeating Letters

The bigram character neighborhood matrix of therentorpus gave us with an
additional boost in typing speed in performancen&dJrdu words contain double and
repeating letters. Using our proposed keypad tke nseds to tap the same button twice
in order to type a repeating letter. On the cogtrdre same repeating letter can cost up
to 12 taps in order to type it twice using a mtdf-T9 type of keypad,

We categorized the words with repeating letterthiee different groups. These groups
and their respective examples are presented ifollog&/ing sub-sections.

4.2.5.1 Native Urdu Words

These are purely native single Urdu words. In caimspa to our proposed keypad,
typing this kind of letters i.e. the repeating éett take much longer on the existing
generic multi-tap T9 keypads.

Ju‘ﬂm.ﬁﬁ‘;ﬁu‘%uuf‘iu}.o

4.2.5.2 Native Urdu Words (Compound)

These are Urdu words that are made up of a roodl ¥adlowed by a suffix. In such a
case, the root word ends with a letter whereasstlifex begins with the same Urdu
letter. This results in a repeating letter wherseruypes such a compound word.

o099 ol yma

4.2.5.3 Foreign Words

Sometimes foreign words are written in native Usdupt. Examples of such foreign
words are scorer, lecturer and manufacturer etes& tiypes of words result in repeating
letters when written in native Urdu script. Thusytitonsume less time in typing on our
proposed keypad.

oASEge s
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4.2.6 Results and Comparison Evaluation

We compared the performance of proposed keypad itgithxisting counterparts. The
evaluation was done by two distinct technique#wpmated performance evaluation b)
User evaluation.

4.2.6.1 Automated Performance Evaluation

Pressing a button several times to type a sindterleharacter is called a “tap”. A

“touch-and-flick” refers to a touch followed by Ack for typing a letter on a touch

screen platform. The reduced corpus size and agsmgd “touch=tap” put the bias in

favor of the existing systems because a tap takegel than a touch-and-flick.

However, we still achieved results that show suligthimprovement over the existing
systems. The comparison of time required to tygedbrpus using existing Multi-tap

T9 and our proposed keypads is given in the Talle Phus the proposed keypad is
48.65% faster than its contemporary counterparts.

Table 4.5 Time analysis results chart

Time Multi-tap (existing) | Touch Screen
Seconds 263,380,598 135,249,436
Hours 73,161.28 37,569.29
Days 3,048.4 1,565.4
| mprovement 48.65%

The second parameter for automated comparison agoped keypad with existing
in-the-market keypads is the number of taps/touch@sir proposed keypad
outperformed its counterparts on this measure dlBe.results are tabulated in Table
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4.6. It shows that the proposed keypad achievelS2.improvement over the existing

multi-tap keypad.

Table 4.6 Comparison of number of taps/touches required

to type the corpus

Multi-tap keypad Touch Screen keypad

(existing) (Proposed)
170,580,560 80,818,830
52.62%

| mprovement

A simple everyday life observation reveals thaaj, articularly the multi-tap, takes

longer than a touch-and-flick. Table 4.1 and Tablg explained the input using

multi-tap existing and proposed multi-tap optimizkeypad. For the sake of fair

comparison, we developed the multi-tap touch scmegtica and used it on touch

screen system for evaluation of our proposed keypasmall device. As seen in Table

4.6, typing with the help of Multi-tap T9 keypads®w and time consuming. There are
multiple reasons behind it. Some high frequencyuletters require 4 to 5 taps of a
button to type them. Similarly some of the buttoeed 7 taps to type a single letter. On
the contrary, our proposed keypad requires a maximiu2 taps/touches to type a letter
(supposition; tap=touch=flick). Notwithstandinggtsupposition puts the bias in favor
of the existing multi-tap system, we were ablegduce the typing payload by 46.10%
w.r.t. composing all the letters in Urdu alphaldble 4.7 shows this comparison for
both the existing and proposed keypad layouts.

Table 4.7 Comparison of cumulative typing payload to type all letters in
Urdu alphabet

Multi-tap (existing) | Touch Screen

Total number of taps 154 83

Improvement 46.10%
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4.2.6.2 User Evaluation

The user evaluation was carried out by three nativdu speakers (all males and
volunteers). Their ages ranged from 25 to 32 yebmm users were right-handed and
one was left-handed. All of them were well versathwomputers and experienced in
typing but none of them was a professional typiddwever, all of them had the
experience of using the Microsoft Windows OSK fordW and Multi-tap T9 Urdu
mobile keypad. The Acer ICONIA zero button PC rumgnMicrosoft Windows 7 was
used as a test bed during users’ evaluation. Esehwas allowed to re-size the width
and adjust the width and height of Microsoft's O&é&cording to the size of his hands
and fingers. Our proposed keypad was novel andemnk® all the three participants.
Except for a 10-minutes initial briefing, no traigi sessions were conducted before the

volunteers could start using our proposed keypatlyfing unseen Urdu text.

We conducted 20 typing sessions. A session meahgdlch user was given unseen text
to type on the Microsoft Windows OSK, the multi-té@ keypad and on our proposed

keypad. The order to use the three keypads antextdo type by each user was all

random. The text length was also kept random aedisiers were always given unseen
text to type. This users’ evaluation procedure adagpted in order to prevent the bias in
favor of a particular keypad or user.

Figure 4.8 shows the real world performance analysbugh user evaluation.
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Figure 4.8 User evaluation results chart.

The results have been averaged and illustratedigard- 4.8. X-axis represents the
number of sessions while Y-axis means the typingedpof users in characters per
minute. All the values in the chart are averageslbthe three users who performed
typing in a random order using random order of leelgpand random pieces of text. As
clear from the chart, the learning curve for ouopmsed keypad for small devices
(smart phones etc.) is short and it's easy to memayuickly. This shows that our
proposed keypad is easy to understand and membeneg user friendly.

Evaluation of our proposed keypad for middle siaech screen devices (tablet PCs
etc.) was carried out following the same proceduré in the same timing. The results
of that evaluation are shown by the green curvihénabove Figure 4.8. The blue line
represents the Microsoft Windows OSK performancéh wihich the subjects were
already familiar. As clear from the green and bioe, our proposed keypad for middle
size touch screen devices took only 18 sessiossiffoass the performance of generic
Microsoft Windows OSK.

Since the users were familiar with Microsoft Windo@SK and since they were able to
use both their hands to type Urdu text, therefdre &advantage was in favor of
Microsoft OSK when we started users’ evaluation.n&tbeless, it took our novel
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keypad for small and medium screen only 9 and B8 sisssions respectively to show
better performance than the Microsoft Windows O3Miring evaluation of our
proposed keypads, the users’ evaluation did notwshay significant difference
between the working and performance of the diagandl the horizontal neighboring
letters illustrated in Figure 4.5. Similarly, notable difference was observed between
flicking the upper letters and lower letters ontbns of keypad in Figure 4.6.
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Chapter 5
Transliteration

Kunrei-shiki, Hepburn and Nihon-shiki are majorrgtard Romanization systems for
Japanese language. Apart from minor differencesh sgstem is based on the same
technique where a string of characters has onexorelationship with kana characters
that can be in any of the three scripts i.e. KaHijiragana or Katakana e.g. “e”
representsz. and “ke” is used for I etc. Phonology is the corner stone for Roman
to Japanese mapping and pronunciation of indivitkitdrs is of foremost importance.
The acronym JaPak IEOU refers to compound Phrgsend@akistan's Input English
Output Urdu. The name has been formed accordintpeoOtto Behaghel's “law of
growing members” [65][103] and later contractedading to the de-facto Japanese
abridging convention such as the word Wopro remtasg the compound term
Word-Pracessor. In Urdu, aspirated Jafgede¢>) means “blink”. This is in-line with the
fact that our proposed system will produce outpia blink of an eye.

JaPak IEOU is an input system for Urdu that is Base the Japanese Kana input
technique. It is a novel input system proposed @asndard that composes Urdu
on-the-fly using QWERTY keyboard for English. Thedu alphabets/strings have
one-to-one relation with case-sensitive Englisthalpgets/strings.

51 JaPak IEOU Motivation

Urdu is one of the 10 most influential languagethmworld yet uncommon on Internet.
To date, there are only 10,000+ Urdu articles mdas source of knowledge such as
Wikipedia. The main reason is that composing Urdwcomputers, mobile phones and
other handheld gadgets is a knotty task. Thereoisvidely used keyboard or IME
(Input Method Environments) for Urdu. Several famodaily e-papers are still
collection of images e.g. The daily Express, Thé&dang; The daily Mashriq etc.

In this dissertation, in addition to introducingveb keypads we also explored some
other character level NLP applications e.g. Ronwtiom and transliteration.
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Romanization is spelling out words in Roman scriptansliteration is phonetic
translation across a pair of languaggsls 2>« is a common greeting used in Urdu
and other Perso-Arabic script languages and apppate often in written
communication such as letters or e-mails. A reseatady of over 5,000 e-mails
showed that there are 17 different variations ef $ame greetings when Romanized.
This is an alarming figure and warrants the neethtvbducing a new Romanization
scheme that is unambiguous, faster in transli@matiunambiguous in reverse
transliteration and that suits mobile phone textryeriWe proposed standard Urdu
Romanization scheme suitable for text entry usirapite phones and other handheld
gadgets.

Lately, non-standard way of user defined pollutem@nized Urdu called SMS-lingo

has become a fashion among the youth becauseuitesdess number of keystrokes in
order to write a sentence. An example of SMS limggnglish would be; “U R 2 cloz”

for “You are too close”. The popularity of suchanect SMS Lingo has many reasons.
One of the major ones is that the user wants te tyip/her desired text in the least
number of keystrokes. This becomes more importannobile phone keypads. In our
proposed Romanization, there is a one-to-one mgprimong Roman and Urdu letters.
The case sensitive unambiguous Romanization méleeddta entry fast and accurate.
Once mastered, our proposed Romanization can inelgaide the foreign learners of

Urdu language in learning correct pronunciatiotodu words.

Thus it is high time to standardize RomanizatiotJafiu and other regional languages
shown in Figure 2.5 (Chapter 2). All the above rnmer@d problems are solved using
potent ambiguity free English-to-Urdu characterdobmapping described in Table 5.1.
It enables users to type in English and get theltaast Urdu text in native Perso-Arabic
script, hence the name IEOU (Input English Outprau).
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Table 5.1 Basic 38 Urdu letters and the proposed unambigRausanization

Roman Letters Urdu Letters
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Further main motivations behind our proposed inpystem are mentioned in the
following.
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Urdu has no distinct upper and lower case lettem$o However the Romanization
scheme shown in Table 5.1 is case-sensitive (Rolaeters only). This helps in
distinguishing the correct Urdu pronunciation. Tinght most column shows serial
numbers and represents the alphabetical ordereotdiresponding Urdu letters. It is
shown on the right side because the table is aedhhgy reading from right-to-left in
order to comply with the native Urdu writing andcadeng style. In the leftmost and
middle columns, each Urdu letter is mentioned aldtsy respective letter for
Romanization. Lower-case Roman letters represenpitbnunciations exactly similar to
their respective pronunciations in English. Uppasec letters represent similar but

non-equal English pronunciation for the same letter

The small case Roman letters correspond to Urdarsethat have exactly the same
phoneme as in English. Lower case English lettefgresent Urdu letters whose
phonemes produce the same sound as those of Engligh), < (p), < (t), z (j) etc.
are examples of such phonetic pairs. On the conteach of the upper case English
letter represent Urdu letter that has similar bott the same sound as that of English
letters e.g. « (T), 2 (D), <« (S)etc.

5.2 Reduced letter-set

It is worth mentioning that our reduced letter san still write all the letters in Urdu
language. We reduced letter set mentioned in Fidguie by 22.62% to 38 basic
alphabets set [82][153] which is shown in Table. Shis reduction was achieved by
eliminating compound lettered aspirated consonf88k mentioned in Table 5.2. We
also grouped some very low frequency Urdu lettera new group of letters called ‘the
Hamza €) and grave accent group’. It is shown in Table &Bthese letters share a
property that Hamza is used as a diacritic on égttdr, hence the name ‘Hamza group’.
Thus all the 58 letters mentioned in Figure 2.1 banwritten using our proposed
reduced letter set. As a result, there is no neethdlude the following aspirated
consonants in our proposed system as distinctdetttence they are dropped out in our
reduced letter set. This reduction made our jobde¥eloping keypads easier and
enabled us to design bigger individual keys on hagareen keypads (already explained
in Chapter 4).
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Table 5.2 Urdu Aspirated Consonants

22 [D"] | 2L [1"]
22 [P"] | 25["]
5 [1"] S [K"]
25 [1"] S [2"]
= [&"]| o [1"]
2= [6"] | go [m"]
22[d" | ¢ [0"]
23 [d"]

53 Benefits of JaPak IEOU

Apart from better keypad designs, we were ablectoeae the following benefits from
our novel and potent input system i.e. JaPak IEOU.

5.3.1 Mobility

Mobile phones and other hand held devices havegathoomputing paradigm radically.
Our proposed system needs very little memory aondgssing power. Thus it is more
suitable for deployment on mobile phones and hdddig@dgets. It is equally good for
desktop and web environments of computing. A tipgrating system resident process
can ensure availability of Urdu input in all startlaapplication software without
installing additional software or hardware.

5.3.2 Online communication

Online communication is mostly restricted to ASGily environments where not only
Urdu alphabet but some Roman letters with diagriice also unavailable. Even when
Urdu, Arabic or Roman characters with diacritice available, they are often hard to
type. The lack of appropriate IMEs makes the pnobferther severe. This problem is
faced by most speakers of Perso-Arabic script laggs who use non-Roman alphabets.
An ad-hoc solution consists of using Arabic nungenahich mirror or resemble the
relevant Arabic letters in shape e.g. “3” mirrorsdl Alphabet ¢” and “7” resembles
“z”. The former has been included in JaPak IEOU daesig
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5.3.3 Ambiguity free

Its Romanization scheme helps protect contaminatibrrdu Romanization. This

would be useful in Urdu machine transliteratiortioalarly reverse transliteration [63].

The same can help foreign students learn and woitgdose Urdu faster. It requires no
deep knowledge of English hence predominantly Blatéor users from rural areas
where English medium education and ICT (Informatiand Communications

Technologies) infrastructure are not well developeately, the use of mobile phones
and SMS (Short Message Service) has amplified dreatlst in urban as well as rural

regions of Pakistan and neighboring countries.

5.3.4 Projection of utility

JaPak IEOU is proposed to function using genericERNY keyboard and also work

with any Urdu enabled IME. The typing speed for Wid estimated nearly equal to
English because Urdu letters map to single uppéower case letters in English. The
Urdu character set along with our Proposed unanobiguRoman characters are
described in Table 5.1. A major advantage of the-tw-one mapping would avoid

various hard-to-type circumflexes or macrons &.d\, T, i and $ etc. These are found
mostly in old written Romanized texts.

5.3.5 Handheld gadgets support

Due to lack of Urdu typing support, mobile phonerssdevelop their own user defined
SMS-lingo for Romanizing Urdu and other regionalgaages. Our proposed system
can be a strong candidate for replacing that nandstrd Romanization. Mobile clients
can benefit from it by the same token as deskt@psusithout compromising much on
typing speed. Our Romanization method is case tbamsit times, it may be slower to
type capital letters on mobile phones. Nonethehggiser layer HCI (Human Computer
Interaction) compliant interface design improvernsembuld make it fast.

5.3.6 Foreign learners

The phonetically unambiguous English-to-Urdu magpimmakes it considerably quick
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and trouble-free for Non-native learners to utilRemanization. JaPak IEOU can make

learning process of Urdu easier and faster botktddren and foreign students.

Table 5.3 The Hamzas) and grave accent group (sorted by Frequency)

Unicode | Alphabet | PEC | Frequency | Percentage| Example
626 i 'y 665001 1.11884 | Ass

624 3 "W 32614 0.05487 | sk
621 s ' 25118 0.04226 | &) i

670 & ‘A 22738 0.03826 | 538 jelide Mas
672 i 'a 15896 0.02674 | Sacl g8
6c2 5 'H 4416 0.00743 | Ak

6d3 o Y 1492 0.00251 | &\

Diacritical marks are considered important partoflu pronunciation system but their
use in modern written manuscript is highly scaiee Arabic loan diacritics (w3
tasdd) represents germination. It is pronounced but amithardly ever. Similarly
(Hamza under Alif) ¢: (do-zer)and :: (Khari zer) etc. are also obsolete.

The diacritics serve the same purpose as “rublyt]) in Japanese transcripts. Table
5.4 illustrates the three Urdu diacritics that d@ppear in modern texts but sometimes
helpful when short vowels are required to be prowed e.g. the letter “i” in “Pakistan”.
The first and second columns show the DM (DiacriMarks) and PEC (Proposed

English Characters) respectively.

Table 5.4 Diacritics representing short Urdu vowels

DM | PEC| Urdu | Arabic | Unicode
a zbr | fTH 64E
i zyr | ksrH | 650
u pysx | dmH | 64F
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5.4 Frequency distribution

A sufficiently large growing raw corpus has beeeated using more than 16,259
manually collected Urdu Unicode text files of gealegenre containing 1,09,64,150
words and 5,94,36,661 characters. Frequency disiib of 12,137 unique words is
used for experimentation. There were almost 675dsv@nd 3,660 characters per file.
The highest rank dozen of words are tabulated IodeTa.4. For typing speed assessment,
Urdu words and their corresponding required KSPW\(&trokes Per Word) are shown.
All the words show exactly the same number of Uadd English letters. However on
some occasions, the short vowels become necesshgywritten e.g. “i” in “Pakistan”.
This reduces typing speed to 94% in comparison yfung speed for English.
Nonetheless, Urdu words can be Romanized usingspigequal number of letters for
the pair of languages. It will make Urdu typing egel00% equal to that of English.
This is possible by skipping the extra “i” or “uhdt represents the diacritical marks
representing short vowels and shown in Table H.4adt, they are not written in native
Urdu text anyway. However, this practice is recomdssl after a user becomes well
familiar with this input system. Examples of su¢taxacter elimination process is also
present in the Japanese system i.e. the Japan@ssbet “>” can be written either
typing “tsu” or “tu”. The later shows that characte’ has been skipped. Writing>”

in this manner is a regular practice for experient@panese users.

Table 5.5 A dozen highest frequency Urdu words

JaPak No. of
Unique Frequency | IEOU Characters
Frequency
words (%) Roman )
o Urdu | English
ization
= 628367 3.73 kY 2 2
UM 571471 3.39 myN 3 3
S 534508 3.17 Ky 2 2
= 451820 2.68 HY 2 2
ST 390082 2.31 awr 3 3
— 342591 2.03 sy 2 2
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JaPak No. of
Unique Frequency | IEOU Characters
Frequency
words (%) Roman )
o Urdu | English
ization
[ 319255 1.90 ka 2 2
S 278639 1.65 ko 2 2
ol 245028 1.45 es 2 2
= 224643 1.33 ny 2 2
o 219845 1.31 HyN 3 3
~S 209872 1.25 kH 2 2

5.5 Experimentation and Error Analysis

Our bi-directional Urdu-to-English Romanizer pragrarashed at locations where it
encountered inaccuracies or inconsistency in Ueet! Typically such crashes occurred
on words with frequency lower than 93. We contintled automated Romanization
process down to word frequency limit equal to S@rafvhich the program encountered
an error at least every alternate word. Thus weualinchecked further low down the

word frequency distribution.

3,59,543 out of 1,68,42,403 words were found ewase It means that Urdu typists
make a mistake every 46.84 words. This high ratmistakes shows the difficulty of
typing Urdu text. Several errors that came to s@faluring our experiment are
described below.

55.1 Alien letters

The automatic Romanization halts as soon as itwariecs an alphabet other than Urdu
e.g. ui «wa <J and « etc. These are not legal Urdu alphabets desp#e tHose
resemblance with Urdu alphabets. JaPak IEOU has tyetmized for Urdu but it can
be easily extended to other Perso-Arabic scrigidages having larger alphabet-sets.
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5.5.2 Obsolete Diacritics

Some diacritics have already gone archaic elggHamza under Alif) <: (do-zer)and
=+ (Khari zer) etc. There are others that are pronedrut not written such as some of
those as mentioned in Table 4.15.

5.5.3 Incorrect Spellings

Our program found an interesting problem. The $eéoc two Urdu alphabetss and

~ both displayed the same word-t . However frequency of on both instances of
“« A " was different i.e. 60,508 and 231 respectiv@lyus our program detected two
distinct words. This is because of incorrect spghBi by the user. Due to orthographic
style used in computers this problem is not visiblauman eye.

5.6 Comparison with GT (Google Transliteration)

An authentic document on transliteration states$iofgetic translation across pairs of
languages is called transliteration”. Accordingthds fact it can be concluded that
Google Transliteration _(http://www.google.com/triiesate/urdy does not perform

transliteration. On the contrary, it is merely ankRmization tool based on ambiguous
mapping. Apple, mango, rose, karaoke, abandon, UW&ico etc; all these words
produce incorrect corresponding Urdu words.

The GT Urdu-to-Roman character mapping has beeateamtey trial and error method
and enlisted in Appendix 1. It uses many-to-maniati@nship between pair of
languages i.e. a single Urdu alphabet can be repied by multiple (upto 10)
corresponding Roman strings. The same holds vicgavét seems beneficial from the
point of view of users. But it produces poor resudtg., the common worel-& (name
for females) could not be produced on GT usingfdhese strings; myra, maira, maera,
maaera, mayra, maaira, mera, mira, myara. Surghsil these produced the word
s (mine). Similarly, results were not encouraging dother common word such as
d (poetry verse or a couplet). GT also failed todpige common wordsa i «aila

s\ adi (el calie) (el etc. It has been concluded that GT performs pamtlglphabets

. - H |
1) c& B ¢ ) e X3
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JaPak IEOU has only one, straightforward and easyuess possible Roman
notationfor every Urdu word, e.ge+ and 'us= map to English strings “mwH” and
“myra” respectively. Similarly there is always otweene relationship i.e. Urdu letters
map to single upper or lower case letters in Ehglisd vice-versa. JaPak IEOU system
is proposed to operate on-the-go on character-byacker basis so that Roman alphabet
is converted into Urdu letter as soon as it is typg the user. The advantage of this
method is that users can see the output words \ilinélg are being typed. Any errors
encountered during Romanization can be correctesbas as they occur. It will make
the typing precision and speed considerably adequathis is converse to GT which
produces a word after the space bar has been dgrbgse user. The cost can be too
high for words like those discussed earlier.

5.7 Algorithm

The following algorithm explains operation of ouoposed input system. It generates Urdu
letters and forms words on-the-fly as the usergyipdividual characters. The character
mapping is done according to Appendix 1, preseati¢ite end of this dissertation.

1 Get next English character

2 IF current character member of ambiguotisriset

3 True: PUSH current character on stack

3.1 Goto step 1

3.1.1 IF current character equais “

3111 True: POP two characters from stack

3.1.1.2 APPEND two characters // form a paiRoman letters
3.1.2.3 Print corresponding Urdu letter forrdiinput characters
3.1.1.4 False: Goto step 3.2

3.2 False: Print corresponding Urdu letter for singit@man character
4 Goto step 1

5 Exit

There are two nested checks in the above algorifrst the input letter is checked if it
belongs to any of the five pair-represented lettrs , Tx ,Zx ,Sx ,sx} or § & b (ya

68



«wa «4 }] or not. The Urdu output letter is delayed urttile next letter has been
received. After this the inner check is performed d¢hecking one of the two possible
pair types. If next character is lower case “X’rtt@n appropriate Urdu letter out of the
Six ¢ & b ua ua () is displayed. Else Table 5.1 provides appropriagéput
single letter.

5.8 Methodology

The approach employed for English-to-Urdu crosgl@age mapping of alphabets is
phonetic. This makes Romanization more naturaly eéaspredict and fast to learn.
Lower case English letters represent Urdu lettensse phonemes produce the same
sound as those of Englisk: (b), ¢ (p), < (1), z (j) etc. are examples of such
phonetic pairs. On the contrary, upper case Enddttbrs represent Urdu letters that
have similar but not the same sound as those digbnigtters e.g. < (T), ¢ (D), <
(S)etc.

English-to-Urdu and vice versa mapping has beeaoritbesl in Table 5.1, Table 5.3 and

Table 5.4. The letter-pairs representing aspirat@usonants in Table 5.2 have been
removed as the proposed system is capable to prdtiose without assigning distinct

Romanized counterparts. The goal is to avoid phom@ebbiguity so that unambiguous

phonetic English-to-Urdu mapping can be achieved.

Both the Arabic lettergaaandhaaare split into two in Urduyaahas been split intaqs
and < whereashaahas been split inte and & . Theyaavariant ¢ (cha7 ye)is
used at the end of words for sound /i/. Simildrga variants® (chai he)is used to
indicate the aspirated consonant as shown in TaleSome letters which represent
distinct consonants in Arabic are conflated in RexsThe same has spilled over to
Urdu also e.g. theerebral consonants /d/ 3 (dal) and f/ & (te) are added. This was
accomplished by placing a superscrpt(to'e) above the correspondirajveolar /t/ <
and /[d .

The process of Romanization becomes challengitighas e.g. the three letterse <«
« & produce the sound /s/ and are candidates for $ndgitter “s” as clear from
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Appendix 1. The closest to English phoneme isiét@ hence assigned lowercase “s”
in Table 5.1. &” is the next closest so mapped to uppercase “8t. gdal is to keep
mapping clean from phonetic ambiguity. This goal ba achieved by making a pair of
English letters to represent4’. The candidates are “s or S” followed by anylof two
English letters “v’ and “x” because both thesedetthave not been used in our
Romanization scheme. The letter “X” is the besti@gince neither it has a counterpart
Urdu alphabet nor a phoneme. Thug™is represented by the pair “Sx” where “X” is
considered silent. Other four letter-pairs havenbeeated in similar fashion to resolve
ambiguity.

Words in Urdu retain Arabic and Persian spellings with many irregularities. The
alphabet ¢” (the glottal stop character) is an Urdu lettearled from Arabic. It mirrors

the number “3".

Urdu Alphabets (va'o) has been represented by three English letterg and o in
Table 1. The letter&s andv can be used exactly alternatively. This has bdewed to
give users more liberty in Romanization without arsk of ambiguity. This alphabet
sounds /v/ thus represented Wyor v when it appears in the start or middle of a word
otherwise it is pronounced &3¥ and accordingly represented byThus the wordey
can be written in either waysyh andvh. Similarly, the word,s! can be romanized

equally in two waysawr andavr.

5.9 User Evaluation

Figure 5.1 shows the user evaluation of our proghddemanized input method JaPak
IEOU compared with the existing Urdu soft-keyboeaed the Microsoft Windows OSK.
The latter was already included in the graph iruFeégs.8 in the previous chapter where

we compared it with our proposed small and mediiz® lseypads.
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Figure 5.1 User evaluation results chart of Japak IEOU

Three native Urdu speakers volunteered for our egaluation tests. The touch screen
Acer ICONIA PC running Microsoft Windows 7 was usesithe touch screen hardware
platform for conducting user evaluation tests. Mafg¢he conditions for user evaluation

were kept the same as already described in theomseehapter. However, this time the
subjects were asked to test our proposed JaPak EyStem using QWERTY keyboard

on touch screen system. The average values on cmpand the difference between
the two systems is presented in Figure 5.1.

X-axis represents the number of sessions whilei¥-stxows the typing speed of users
in characters per minute. All the values in therchese averages of all the three users
who volunteered for our user evaluation. The clshdws that our proposed system
performs better than the existing mode of Urdu inftnis result is inline with our
argument that our proposed JaPak IEOU system ig #msmemorize, faster in
performance and more user friendly.
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Chapter 6
Conclusion
This chapter summarizes and concludes this disseartaport.

Different people prefer different input systems different types of devices. Keeping
that in view and keeping users health in prime $game proposed multiple types of
keypads and input systems each of which has bestadteand compared with the
existing generic counterparts. Our proposed salgtghow a great deal of improvement
of the existing in-the-market systems.

The frequency based Urdu characters layout on iibyphone keypad reduces the
keystrokes per word significantly as compared ® titaditional and existing keypad
layout. The probabilistic analysis of 51218 wordsf the Urdu corpus shows that the
proposed frequency based layout reduces keystinkd$% compared to the standard
keyboard layout. Keeping in view the large numbérleaiters in Urdu alphabet

compared to the number of keys available on theilen@bone, memorizing the layout

is worthwhile and practical.

For different types of touch screen devices, w@psed different types of keyboard and
keypads. The comparison analysis showed promisasglts. In addition to great
amount of improvement over existing keypads, ouwppsed designs are flexible
because the size and dimensions of keypads, buttmts editors can be adjusted
according to the device on which the keypad is @ggl. Similarly our keypads offer
greater usability because Urdu letters includetladl letters of Arabic and Persian.
Hence these layouts are equally usable by the Al Persian users. The keypads are
optimized for Urdu though. With minor additions,raaput systems are extendible to
other Perso-Arabic languages as well.

For small handheld touch screen devices, we prapas®vel keypad. The comparison
analysis were performed on two distinct tracks; #womated procedures and by
detailed user evaluation. Both the evaluation netebowed promising results. In
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addition to a significant amount of improvement oegisting keypads, our proposed
keypad design is flexible because the size and mbioes of keypads, buttons, and
editors can be adjusted according to the devicavloich the keypad is intended and
required to be deployed. Similarly our keypad affgreater usability because Urdu
letters include all the letters of Arabic and Pamsialphabet. Hence our keypad is
equally usable by the Arabic and Persian usersetletess, the keypad is optimized
for Urdu. With minor additions, our input systemestendible to other Perso-Arabic
script languages.

We also proposed a novel unambiguous Urdu Romamizaéchnique. The exiting
Romanization is ambiguous hence difficult for usewsadopt. It contains special
characters like macrons that are almost imposdiblevrite on devices with small
memory low power CPUs. We presented a discreteoapfrfor typing Urdu on any
device having ASCII support with any English keylibal' he lack of clear and distinct
rules makes the task of developing an automatedaR@&r more difficult and complex.
This low overhead, light weight, fast and precisput mechanism is expected to be
well received. It has the potential to open newnares of research and development in
Urdu computation.

The system has been optimized for Urdu but itkevlise practical for users of Arabic
and Persian because the alphabet sets of both kwegeages are subsets of Urdu
character set. It is also easily extendable torotbgional languages such as Punjabi,
Pashto and Sindhi etc. As a result, it will be mooastructive for users from majority
rural regions.

The Way Forward

Krestensson [105] said, “If we don't search, wel wdver know if we are currently at a
local or global optimum”. Hardware keyboard desigwsailable today have room for
improvements. Using our proposed systems togethieriCI compliant designs can be
an interesting future direction. On screen inputhods and console systems can also
be exploited in the days to come. Most popular modmdgets like iPhone, iPad and
other modern touch-screen systems are still wailimgoptimized input interface for
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Urdu language. If the vendors desire, our propaeystems are ready for deployment on
above mentioned and other commercial platforms.

We intend to extend our keypads to include othesd?Arabic script languages such as
Punjabi, Pashto, Dari and Potohari and Kashmiri Btore thorough testing of our
keypad by a larger score of human subjects is watcAnother possibility to exploit
our work can be in the design of a single hand aipdrkeypad (separate designs for
each of the left and right hand), single fingerraped and two fingers operated keypad
designs suitable for numerous touch screen devices.
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Appendix 1: Urdu alphabets with proposed Romanization, corresponding

NLA Phonemic representation and comparison with Google Transliteration

Letter | Letter PEC | Phonemic representation (in | GT Romanization list
Name IPA) alphabet/string
V| Alifmad |~ long vowel a, aa
V| AL ale | /1/,/vl,/el,/al depends on | a, aa, e, i, 0, 00, u, ao
diacritic
< | Be B b/ b, ba, bi, be, bu
¢ | Pe P Ip/ p, f, pa, pi, pe, pu, fa, fi,
fe, fo, fu
ol Te T /t/ (alveolar) t, tt, ta, te, ti, tu
& re T  |/t/ (cerebral) t, tt, te, ti, tu
& Se S /s/ s, se
¢ | Jim J /dz/ j, ja, je, ji, ju
g| Ce C 1eS/ ¢, ch, cha, che, chi, chu
¢ | Bari he H /h/ h, ha, hi, hu
t | Khe K /x/ k, kh, kha, khe, khi, khu
s| Dal D | /d/ (alveolar) d, da, de, di, du
5| dal d 14/ (cerebral) d, da, di, du
s Zal Z lz/ Z, 74, 7€, 71, Zu
J| Re r fr/ T, ra, re, ri, ru
5 re R It/ (cerebral flap) R
3| Ze z lz/ Z, 77, 74, Ze, 7Zi, Zu
5| Zhe J I3/ J, Z, je
o | Sin s s/ s, sa, se, si, su
J | shin sx 1f1 s, X, sh, sha, she, shi, shu
wa | su'ad Sx /s/ s, 8a, se, si, su
wa | zu'ad Zx lzl J, Z, ]a, je, za
L| Toe Tx | /t/ (alveolar) t, ti
5| zoe zX lz/ Z, 7Ze, Zu
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e | ‘ain 3 /la/ after a consonant; | a, e, i, o, u, shu
otherwise /?/, /o/
¢ | ghain G Iy/ gh, gha, ghe, dhi, ghu
< | Fe f Javk p, f, pa, pi, pe, pu, fa, fi,
4| Qaf lq/ q, qa, qe, qi, qu
< | Kaf k Ik/ ¢, k, ca, ce, ci, cu, ka, ke,
ki, ku

< | Gaf g lg/ g, g4, ge, gi, gu

Jd| Lam 1 1/ 1, 1a, le, Li, Iu

# | Mim m /m/ m, ma, me, mi, mu

¢ | Nan n n/ n, na, ne, ni, nu

o | Nanghunna | N /n/ nasal vowel N

3| vao wivio | [v/, lul, [ul, lo/ 0, 00, U, UU, vV, W, au

ae | chotihe |h /h/; at end of word /a/ a, aa, h, ha, he, hi, hu

s | choti ye y nl, lel, lel e, 1,1, w,y, ai
< | ye Y le 1/ e, ee,y, al

3| hamzavao |’w low/ 0, U, V, W

& | hamzachotive |’y le1/ i, ee, i1, iy

& | hamzabarive | 'Y lee 1/ Ay

3| Golte t 1t/ Not found

s | hamza he 'h /le/ used in compound | Not found

¢ | hamza ’ /o/ allograph Not found

|| dozabar |’a /an/, schwa followed by | Not found

5 | kharazabar | A long vowel Not found
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