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Abstract

With the advent of head-mounted devices (HMD) like Google Glass, there is a new
upcoming trend hitting the market. HMDs are devices mounted in front of the eye
consisting of a non-transparent or semi-transparent display, and capable of wireless
communication with other mobile devices. Uses of current generation HMDs are
very limited however, mostly due to a lack of adequate input modality. Most HMDs
use a small-area touch sensitive surface, voice commands or a complementary
smartphone as input. This limits HMDs text input to be performed with the
help of a smartphone, since voice commands in public places and even in personal
quarters tend to be awkward and quirky, and the small built-in touch surface
provides very little room for text input. For HMDs to grow as an independent
device rather than a supplementary device for a smartphone, a text input system
that does not use voice commands or an onscreen keyboard is necessary. For this
research we have considered the use of one-handed gestures to work as a character

input modality for use with such devices.

Gesture recognition can be performed using depth sensors that can be attached to
the user’s wrist or chest, allowing text input without having to wear or hold any
device in the hand. In addition, by using one-handed gestures for character input,
users would be able to perform text input on devices such as HMDs with little
hindrance to daily activities. It would also allow users to maintain their awareness
of surroundings without having to look at an input device, which is crucial during
walking in public or driving. In this research, a number of hand gesture frameworks
have been designed for use in such an input system. The focus of the study was
to design gestures that use subtle yet distinct and recognisable finger motions.
This is meant to provide users with a gesture framework that is easy to learn and
efficient in terms of input speed. Although due to technical limitations in terms
of accurate and consistent hand-tracking equipment, a complete system has not
been developed for this study, experiments have been performed to evaluate the

effectiveness of these frameworks from a design perspective.
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From the results of the study, we have concluded that, although not on par with
conventional input solutions, the framework designs still proved to be decently
effective and easy to learn, and can become prospective candidates for use with

gesture-based character input solutions for HMDs in the future.
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Chapter 1

Introduction

1.1 Mobile technology

1.1.1 Cell phones

Cell phones have been around for as long as since 1973, and was an evolution from
analog radio communications used in ships and trains. The earliest cellphones
were relatively big hand-held devices with physical buttons, and used primarily
for wireless verbal communication over a cellular network without any function-
ality for text messages. It was two decades later that SMS was introduced to the
public. SMS are short messages consisting a maximum of 160 characters. SMS
was a cheaper form of communication compared to the other forms, and thereby
gained popularity amongst cell phone users [1]. However, cell phones in those days
used a telephone keypad layout for the keyboard. Compared to regular keyboards
used with personal computers, the telephone keypad was a much slower alterna-
tive. However, due to lack of available space for a full sized keyboard, this layout
seemed to have the most commonly accepted at the time and people gradually
became to familiarize themselves with this layout. Even today there are many
people opting to use this layout due to familiarity. And although, miniature-sized
physical QWERTY keyboards were eventually implemented within cell phones, it

was quickly overshadowed by the advent of smartphones.

Smartphone was the evolution from traditional cell phones. It had no physical but-

tons for the keypad or keyboard, but instead implemented an onscreen keyboard
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usable via touch interaction. It also offered better computational capabilities al-
lowing the cell phone to have a wide range of functionalities, which opened up a
wider range uses for the cell phone. Due to the intuitive nature of browsing on a
touch screen, use of cellular internet popuralized and text-based communication
methods using emails and text-messaging services began to come into play. Text-
based communication (also commonly known as texting) became the cheapest and
most unrestricted form of communication, and eventually garnered huge popular-
ity especially amongst young adults [2]. Cell phones eventually became the most

commonly used communication terminal for the general people.

Whether for browsing the internet, writing emails or texting, it is neccessary to
have an adequate character input system. The onscreen keyboard on smartphones
was a huge change from the keyboard used in traditional phones. The first smart-
phone, the iPhone had a 3.5 inch screen, which meant the space allocated for the
keyboard was very small. This caused the keyboard to be very cramped. Coupled
with fact that the touch keyboard had no haptic feedback, the keyboard was not
the easiest to use. However, larger screens and improved keyboard interface on
more recent smartphones have alleviated this problem to a large extent. There has
also been ongoing research on providing haptic feedback on touch screens [3] [4] [5]
to make typing experience more intuitive. However, although onscreen keyboards
might be adequate for use with smartphones, there is yet another upcoming trend

that might require a different system.

1.1.2 Head-mounted devices

Head-mounted display (or HMD) are devices attached to the head, consisting of a
non-transparent or semi-transparent display infront of the eye. There have been
a number of HMD devices on the market till now, but it is with the upcoming
release of devices such as Occulus Rift and Google Glass that it has began to
garner popularity. HMDs such as the Google Glass, that are designed for mo-
bile use, allows the users different smartphone functions without compromising
awareness of surroundings, thus allowing for a better and more intuitive environ-
ment for performing multiple tasks. Although, HMDs might eventually take over
smartphones, current generation mobile HMDs are not independent devices, re-
quiring connection to smartphones for network connectivity, processing, storage or

user input. With gradual improvement of mobile technology future HMDs might
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eventually become self-sufficient in the first three sectors. User input, however,
will require an alternative to the methods used in current generation HMDs. The
Google Glass, for instance, allows user input either through a small-area touch
surface or voice commands as the built-in input methods. This requires use of
a smartphone for typing, since the area of the touch surface is insufficient and
the voice commands are too quirky to use, especially in crowded areas. For this
research, I have considered the use of hand gestures to be an alternative character
input system primarily for use with HMDs. Using hand gestures, users do not
have to rely on a smartphone for text input on HMDs. In addition, gestures do
not require the user to look at a separate keyboard, and thus will not compromise

users’ awareness of surroundings.

1.1.3 Sensor technology

Sensor technology has undergone massive improvements in past couple of years.
Nearly every current generation smartphone is equipped with sensors like ac-
celerometers, magnetometers and gyroscope thanks to their miniature dimensions
and low cost of production. Low cost sensors like these led to a boon in research
on gesture recognition and tracking of different body parts [6] [7]. These low cost
sensors however are not adequate in their current state for precise motion tracking.
In comparison, recent availability of low cost infra-red (IR) cameras have given rise
to several consumer-market motion tracking devices like Kinect, Leap Motion and
DepthSense. However, this technology is still in its state of infancy, and current
generation devices are unable to provide a consistent tracking and gesture recog-
nition solution [8]. To provide a gesture-based text input system, this technology
has to mature first and devices capable of consistent hand tracking have to emerge.
Therefore, in this research I have omitted the technical aspects of this system and
instead focussed on the design aspect of the framework of gestures that can be

used.

1.1.4 Gesture framework design

In this study, a number of one-handed gestures have been designed to implement
character input. A proposal is made of a system using a depth-sensing camera to

be used as the sensor device for hand tracking and gesture recognition. By not
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using any gloves or other accessories to track finger movements, users are allowed
to perform daily activities with their hands without hindrance. The basic gesture
design involves using the tip of the thumb to tap, flick or swipe on fingers of
the same hand to make selection of desired input character. This provides the
user with a haptic feedback that is more natural than using touch-based onscreen
keyboards. Also the haptic feedback allows users to perform text input without
having to look at their hands. It is also meant to train the muscle memory of
users to get familiar with the layout of the design, and with practice to make

faster inputs using the gesture system.



Chapter 2

Methodology

2.1 Operation

In this research, we propose the use of one-handed gestures for character input
on a HMD. Users should be able to use either the right or left hand for input.
A depth-sensing camera can be used to capture these gestures for processing and
recognition. The gestures can be used either when the user is stationary or in
motion. This allows the user to type while performing other actions with minimum
hindrance. The gestures are not affected, and thus independent of the orientation
or motion of the user as a whole. To prevent accidental typing and recognition of
unintended gestures, a simple initiation system can be implemented using voice
commands. By issuing this command, the input system will initiate and start

tracking hand motion for character input.

2.1.1 Proposed setup

The proposed system involves a depth-sensing camera to capture the motion of the
gesture hand. The motion images are then digitally processed to provide real-time
hand-tracking and gesture recognition. We propose two different setup options for
the camera. The camera positioned either under the wirst of the gesture hand (see

figure 2.1a), or infront of the user’s chest (see figure 2.1b).

If positioned under the wrist, it can be attached to the underside of a wristwatch

or a bracelet and should be facing forward along the direction of the arm towards

5
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Sensor

module

Sensor

module

(A) Sensor module positioned underneath (B) Sensor module positioned on the
the wrist, attached to a bracelet chest, hung as a necklace

FIGURE 2.1: The sensor module used for hand tracking can be positioned either

on the underside of the wrist (A), or on the chest (B). If positioned underneath

the wrist, users can perform text input using hand gestures regardless of hand

position or orientation. If positioned on the chest, users have to raise their hand
to chest level and perform hand gestures infront of the chest.

the hand. This setup will allow the user to use gestures reagardless of orientation
and position of the hands. However, to prevent occulusion of fingers, the user has

to bend the hand slightly inward while performing the gestures.

The second setup involves the camera to be positioned on the chest, facing for-
ward. The camera can be setup as a necklace device, hung from the neck. This
setup will require the user to lift their hands to chest level while performing the
gestures. Althoug, this setup might cause an unnatural and slightly awkward feel
while performing the gestures, the occulusion of fingers in this setup is relatively

minimal.

Both of these setups are proposals for setups that can be used in this system. In
this research, we ommitted the technical aspects of this system and focussed solely
on the design aspect of the gestures in order to test the usability of one-handed

gestures in such scenarios.

2.1.2 Gestures

One-handed gestures are performed to select a character for input. For this re-
search, we used modern Roman alphabets as the alphabet system. While perform-
ing the gestures, the tip of the thumb acts as the pointer. Selection of a character
is made by either tapping, swiping or flicking with the tip of the thumb on the

top or front side of a finger on the same hand. The character is selected according
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Tip of the thumb
used as pointer

Index

Each finger divided
into 3 regions

FIGURE 2.2: The figure shows the layout structure imposed on the hand. Each

finger is divided into three regions, with each region consisting of a character

group. The tip of the thumb is used a pointer to make selections of a character
within a character group.

to a layout that is imposed on the fingers of the gesture hand, where each finger
has three regions allocated to it, the regions being separated at the joints of the
finger (see figure 2.2). Each region has a group of characters, hereafter reffered
to as character groups, allocated to it, from which the selection is made. Two
different layouts have been used in this study, with different methods of selection

in order to test and evaluate a suitable candidate.

The reason for choosing a one-handed gesture framework instead of a two-handed
one is to allow users to type with relatively less hindrance while performing other
functions such as cooking, driving, etc. This gesture system also does not require
long travel distance for fingers during input, and is meant to reduce fatigue on
fingers thus allowing for relatively longer sessions of typing and also improve typing
speed. In addition, in this system, no gloves or other wearable accessories such as
rings need to be worn on the hand, thus allowing the hands to perform regular
activities while providing haptic feedback on each input to train muscle memory

and allow for more precise, natural and faster typing with each iteration of use.
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2.2 Frameworks

In this research, four frameworks have been designed and used for the study, con-
sisting of two layouts (Q WERTY layout, and the Traditional keypad layout),
with each employing one of two methods of selection (Swipe method, and Flick

method) (see figure 2.3).

Each layout has a different character group allocated to each region of the fingers,
and one letter amongst each character group is chosen to be the base letter of
that character group (represented as bold letters in the figure 2.3). To select a
base letter, the user has to use the tip of the thumb to tap on the region which has
the character group the base letter belongs to. A non-base letter character from a
character group can be selected by placing the tip of the thumb on the region the
character group belongs to, and then either swiping along the finger, or flicking

inward or downward depending on the method of selection used.

For both layouts the regions on the little finger have the same character groups (see
section 2.2.5). The regions in this finger allows the user to access basic punctuation
marks, spaces, backspaces and return, in addition to a button for toggling between
capital and small letters, and switching layout with ones containing additional
punctuation marks, numbers and symbols. The gestures used to access these
functions are different from the ones used to select alphabets. These gestures have
been explained later in this section (see section 2.2.5). Due to this study being
focussed primarily on input for Roman alphabets, layout for punctuation marks,

numbers and punctuation marks have been omitted.

2.2.1 QWERTY layout

This layout is based on the standard keyboard layout used in QWERTY keyboards.
The QWERTY keyboard has been around for decades, and the reason for choosing
such a layout is to use the familiarity of this layout to make it easier for the
general people to acclimitize to such a gesture system. This layout maps the
entire QWERTY keyboard to the regions on the index, middle and ring finger,
with the exception of Q (see figure 2.3a and 2.3b). All the other alphabets are
mapped to the regions on the fingers, with each character group consisting of a

maximum of three letters. For each character group to have a maximum of three
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Q WER(TYU (IOP

asp [ FaH [ JkL

(¢) Traditional keypad (Swipe) (D) Traditional keypad (Flick)

FIGURE 2.3: The four frameworks designed for the study. The base letters
are different for each method of selection in order to suit the modality of each
method.

letters without compromising the layout design, the letter Q has been instead
mapped to the tip of the index finger. The letter Q is selected by tapping on
the tip of the index finger with the tip of the thumb, regardless of the method of

selection used with the layout.

The reasoning behind imposing the allocation of a maximum of three letters per
character group has been explained later in the section (see sections 2.2.3 Swipe
method and 2.2.4 Flick method).

2.2.2 Traditional keypad layout

This layout is based on the telephone keypad layout used in telephones and on older
generation cellphones. This keyboard layout has also been around for decades, and
a large number of people have adequate familiarity with this layout due to extensive

use on past generation cellphones. The telephone keypad also has the added
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benefit of congruity with the 3 x 4 layout structure (i.e. 4 fingers with 3 regions
per finger) used in this gesture system, allowing for a more familiar transition for
users of the telephone keypad layout. In this layout, the letters are distributed
amongst the character groups in the index, middle and ring fingers, in alphabetical
order, starting from the first region on the index finger (see figure 2.3c and 2.3d).
Although, the allocation of the starting point to the second region of the index
finger would seem like a more natural implementation of the telephone keypad,
the change has been made to make sure each character group has a maximum of
three letters allocated to it, similar to that in the QWERTY layout. The reasoning
behind this has been explained later in the section (see sections 2.2.3 Swipe method
and 2.2.4 Flick method).

The reasoning behind this has been expained later in the section

2.2.3 Swipe method

In the Swipe method, base letters are selected by tapping on the corresponding
region with the tip of the thumb, as explained before (see section 2.2). In this
method, each character group consists of a maximum of three letters, and the
base letter is set to be the n' letter in the character group, where n represents
the region number the character group belongs to. For instance, the base letters
of the second region on the index, middle and ring fingers are the second letter
of the corresponding character groups, and similarly, the base letters of the first
region on these fingers are the first letter of the groups (see figure 2.3a and 2.3c).
The exception to this is for the third region on the ring finger, which has only one
letter(for the QWERTY layout) or two letters (for the Traditional keypad layout)
allocated to it. The rightmost letter in this character group has been chosen as

the base letter.

To select a letter other than the base letter in a character group, the user has
to place the tip of the thumb on the corresponding region and swipe along the
finger. If the user wants to select the n'" letter letter in a character group that
does not happen to be the base letter of the group, the user has to place the tip of
the thumb on the corresponding region, and without removing the thumb, swipe
along the finger to the n'" region of the finger. The exception to this is yet again
the third region on the ring finger. Since there is only one letter allocated to it
for the QWERTY layout, the selection of the letter is made like that of other base
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letters. For the Traditional keypad layout, the rightmost letter, being the base
letter, can be selected like other base letters, whereas to select the first letter, the
user has to swipe to the second region of the finger. Some example scenarios have

been shown in figure 2.4.

For this method to work, character groups cannot have more than three letters,
since each finger consists of three regions and users would be unable to select a

fourth letter in a character group.
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2.2.4 Flick method

In the Flick method, similar to the Swipe method, base letters are selected by
tapping on the corresponding region with the tip of the thumb, as explained before
(see section 2.2). In this method, each character group consists of a maximum of
three letters, and the base letter is set to be the first letter in each character group.
Selection of the second letter in a character group can be done by placing the tip of
the thumb on the corresponding region, and flicking inward or downward once on
the same region (see figure 2.5a). Similarly, to select the third letter of a character

group, the user has to flick twice (see figure 2.5b).

2.2.5 Character groups on the little finger

The three regions on the little finger consist of unique character groups called
action buttons (or AB) (see figure 3.3). Regardless of the method of selection
used for the layout, characters or functions allocated to an action button can be
accessed using the tip of the thumb and performing either a single tap, a double
tap, a flick in the direction of the tip of the finger, or a flick in the direction of the
palm of the hand.

As a sidenote, cycling through layouts changes the layout of the index, middle
and ring fingers to access input of numbers, additional punctuation marks and

symbols. The character groups on the little finger, however, remain the same.

Button | Single tap Double Flick towards | Flick towards
tap tip palm
AB1 Space Return Backspace Tab
AB2 Comma (,) Period (.) | Exclamation Question mark (7)
mark (!)
AB3 Toggle Caps | Cycle lay- | None None
on/off outs

TABLE 2.1: The table shows the functions and characters in each action button
on the little finger and their selection methods
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2.3 Comparison to past works

HMD is still a relatively new technology, and there has not yet been many research
on input systems for the HMD especially using hand-gestures. Regarding research
works on gesture framework design for input on cellphones however, there have
been several works the field. In a research, for example, tilt sensing was introduced
to a telephone keypad to select letters using a single tap on a key, the selection
made being based on the tilt angle of the phone [9]. The tilt albeit an interesting
idea, might not be very practical for hand-based gesture frameworks, since the
continuous rotations of the arm might cause fatigue and also cause attention in

public places.

Another mentionable research was done on a system using a glove to map the
telephone keypad directly on the fingers called The Finger-Joint-Gesture palm-
keypad [10]. Selections were performed by tapping with the tip of the thumb
on the inner faces of the fingers. Quite similar to the Traditional keypad (Flick)
framework used in this study, the reasoning behind using flick instead of taps was
to use flicks only for selection, and touch or tap with the tip of the thumb to be
used for visual feedback for verification of character groups present on the regions
of the fingers. In addition, flicks are more pronounced and relatively more easily
recognizable by hand-tracking devices than taps. The Traditional keypad layout
used in this study, instead of being a direct transition of the telephone keypad,

has been altered to garner to the need of the methods of selection used.
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Place tip of thumb and
swipe to first region

R1.<—‘ R2

ASD‘ FGH( JKL

Selection result T

(A) For the QWERTY layout, to select the first letter of the character

group in the second region on the index finger, T, the user has to place

the tip of the thumb on the region and swipe to the first region on the
finger.

Place tip of thumb and
swipe to third region

RZ‘ »OR3

JKL ‘ IVINO( PQR

Selection result F

(B) For the Traditional keypad layout, to select the third letter of the

character group in the second region on the index finger, F, the user

has to place the tip of the thumb on the region and swipe to the third
region on the finger.

FIGURE 2.4: The figure shows some example scenarios while using the Swipe
method
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Place tip of thumb and flick
inward or downward, once

‘RZ

Q(WER'TYU [ 10

AsD( FGH | JKL

Selection result Y

(A) For the QWERTY layout, to select the second letter of the char-

acter group in the second region on the index finger, Y, the user has to

place the tip of the thumb on the region and flick inward or downward,
once.

Place tip of thumb and flick
inward or downward, twice

R1

/)

:'DEF{GHI

JKL |MNO( PQR

Selectionresult = (C

(B) For the Traditional keypad layout, to select the third letter of the

character group in the first region on the index finger, C, the user

has to place the tip of the thumb on the region and flick inward or
downward, twice.

FIGURE 2.5: The figure shows some example scenarios while using the Flick
method
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FIGURE 2.6: The figure shows the layout imposed on the little finger. AB
refers to action buttons, and are special character groups with unique method
of selection.
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Study experiments

A study was performed to evaluate the difficulty curve involved in learning and
the speed of character input that can be performed using the different frameworks
designed. A complete gesture-based character input system using Leap Motion
as the sensor device was meant to be developed for this study. However, hand-
tracking with the Leap Motion device involving acute finger movements proved
to be inconsistent at times, and thereby prompted us to abandon development of
the complete input system and instead opt for a more forgiving visual feedback
application (see section 3.1.2). The visual feedback application is a rudimentary
application developed that uses the Leap Motion to track the thumb’s position
and display different character groups on a finger when the thumb hovers near
that particular finger. This proved to be adequate for the study, since the aim of
this study was to evaluate the effectiveness of the design of the frameworks instead

of the technical aspects of the input system.

The study consisted of two types of experiments, and was performed on a group
of three male and two female (a total of 5) participants. After the experiments,
the participants were asked about their impressions on each framework used in the
experiments. All of the participants were in the age group 20-35 years old, with
adequate grip on english language vocabulary. The particants were regular smart-
phone users and had ample familiarity with the onscreen QWERTY keyboard as
well as former users of the telephone keypad in older cellphones. The participants

had no prior experience with gesture-based text input systems.

17



Study experiments 18

3.1 Instruments and applications used

3.1.1 Instruments

For this study, a Leap Motion sensor has been used to track hand motion. A Mac
mini computer with 3rd generation i7 processor, built-in Intel graphics and ssd
harddrive and a 27 inch screen has been used for processing and visual onscreen
feedback. A Galaxy Note 3 was used as a camera to record videos of the partici-
pants performing the gestures. A digital stopwatch has been used to count time

during the experiments.

3.1.2 Visual feedback application

A rudimentary application has been developed using Python to provide a visual
feedback for the participants during the experiments. This feedback is triggered
when a hand is placed infront of the Leap Motion camera, and the tip of the thumb
hovers near a finger. The application Ul shows an image of the mapping of the
characters for the framework, with the characters on the finger closest to the tip of
the thumb being highlighted (fig. 3.1). This allowed the participants to associate
and familiarize with the frameworks, and provided visual cues to the participants

during the experiments.

Although the sensor used in Leap Motion is able to detect slight changes in posi-
tion, in our experience the hand-tracking implemented in the Leap Motion’s curent
software development kit (as per version. SDK 2.1.3) proved to be quite inconsis-
tent.Despite the sensor being capable of detecting slight change in hand position,
change in hand posture, however, sometimes gave abrupt results, which could
cause a number of rogue inputs and thus hamper the results of the experiments.
This led to our decision of omitting a fully functional gesture-based character in-
put system using the Leap Motion, and instead opt for a more forgiving visual
feedback system. In this system, the application infers the finger closest to the
thumb, and is triggered when the distance between a finger and the thumb is less
than a threshold value that has been designated beforehand. This threshold value
has been determined after several trial and errors until a suitable value has been

obtained.



Study experiments 19

Visual Fesdback Applcation - QWERTY (FLICK)

ASD FGH JKL

(A) Visual feedback application Ul for the QWERTY (Flick) frame-
work (left), obtained when the tip of the thumb is hovering near the
middle finger (right).

Visual Foedback Aoploation - Tradtional SWIPE)

(B) Visual feedback application UI for the Traditional keypad (Swipe)
framework (left), obtained when the tip of the thumb is hovering near
the index finger (right).

FIGURE 3.1: The above figure shows the visual feedback application Uls for two

different frameworks. In the UI, the letters are grouped together to represent

association to the same character groups, and the layout showed is a direct

image of the layout mapped on the fingers for that particular framework. In

addition, the letters with larger, bold fonts represent the base letters of the
corresponding regions.

While using this feedback application, although hand-tracking inconsistencies still
led to incorrect feedbacks at times, the effect on the results were not as detrimental

as would have been if a complete input system was used instead.

3.1.3 Setup

The Leap Motion was attached to the user’s chest facing forward, and was con-
nected to the computer via usb. The participants were asked to sit in a chair
infront of the computer screen and perform the tasks for the experiments. For
each experiment a list of random sentences were shown to the participant, dis-
played on the left side of the screen, and the visual feedback application displayed

on the right. The participants were given clear instructions on the task to be
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performed before each experiment, and provided with one to two minute breaks

inbetween each experiment.

During the experiments, videos of the participants performing the gestures were
recorded from a close distance with a clear view of the gesture hand and fingers.
The videos were captured in high-definition 720p at 60 frames per second, and were
later analysed to determine the number of correct and wrong gestures performed

during the experiments.

3.2 Procedure

Two experiments were performed for each layout: Familiarity, and speed. For each
layout, the familiarity experiment was performed first and then the speed exper-
iment for the same layout, before moving on to the next layout and performing

these experiments in the same order.

3.2.1 Familiarity experiment

The purpose of the familiarity experiment was to determine the difficulty of the
learning curve involved for each layout. It also serves as a way for the participants
to familiarize themselves with the layouts in order to perform the speed experi-
ment. In this experiment, an adequately long list of randomly generated sentences
were displayed on the screen. The participants were then asked to tap on the
region on their fingers that corresponded to each letter in the sentences. Instead
of performing swipe or flicks to make character selections, the participants were
instructed only to point the region where a particular letter belonged to. The rea-
son for this was to strengthen the muscle memory of the participants to increase

their familiarity with the layout.

This experiment was performed for 5 minutes, and iterated over 3 trials for each
participant, with small breaks inbetween iterations. The results obtained from the
videos were later analysed to determine the number of successful hits (i.e. regions

pointed correctly) by each participant in the given time frame for each trial.
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3.2.2 Speed experiment

The purpose of the speed experiment was to determine the speed and reliability
with which a participant can use a framework for text input. This experiment
is performed twice per layout, one for each method of selection. Before each of
these experiments, participants were provided with a list of 10 randomly gener-
ated sentences, and instructed to take their time and type those sentences correctly
using the corresponding framework. The reason for this was to familiarize partic-
ipants with each method of selection before the experiment. In the experiment,
an adequately long list of randomly generated sentences were again displayed on
the screen. Participants were then asked to use the corresponding framework, to
input the letters in the sentences shown. They were asked to complete as many
sentences as possible in a 2 minute timeframe. They were instructed not to correct
any errors (i.e. missed inputs) but instead to continue typing the next letter. For
the sake of emphasising on the alphabets, punctuation marks are omitted from
the sentences, although space and newline functions are taken into account. In
addition, letter case was also not taken into consideration, and participants were

asked to perform similar gestures for both upper case and lower case letters.

Each experiment is iterated 3 times, with small breaks inbetween each iteration.
The results obtained from the videos were later analysed to determine the number
of inputs attempted and errors made for the participants. The number of correct

inputs was then deduced with the following equation:
Number of correct inputs = Number of attempted inputs— (Number of errorsx 3)

The reasoning behind this is that every error costs three inputs to be made; one
being the missed input, another being a backspace, and the last being a correct

input.

3.3 Evaluation

During the experiments, high-definition videos of the participants’ hands were
captured while performing the given tasks. The videos were later analysed to
evaluate the number of correct and missed inputs performed by the participants

during the experiments. The lack of an automated input system prompted us to
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do this evaluation in person by watching the videos and checking for the number
of correct and missed inputs performed by the participants. To make this process
easier, we first converted the random sentences provided to the participants into
gesture codes. In the gesture code, each character is represented using three

numbers (for example, 332), and these triplets are separated using hyphens.

The gesture code for a character defines the gesture to be performed to input
that character, and, as a result, varies with the framework being used for input.
The first number of the triplet signifies the finger on which the gesture has to be
performed; “1” used to indicate the index finger, “2” for the middle finger, “3”
for the ring finger and “4” for the little finger. The second number indicates the
region of the finger on which the character exists; “1” indicating region 1, “2” for
region 2, and “3” for region 3 (see fig. 2.2 for illustration on “regions”). The third
number of the triplet has two different definitions depending on the method of

selection used.

For the swipe method, the third number indicates the region number on which
the swipe has to end on. For example, in the QWERTY (Swipe) framework, to
select the character “T”, the user has to press on the region 2 of the index finger,
then swipe to region 1 and release (see fig. 2.4a). In this case, the third number
of the code would be “1”7, and the gesture code for the character would be “121”
(fig. 3.2a).

For the flick method, the third number indicates the number of flicks the user
needs to perform to select the character. For example, in the Traditional keypad
(Flick) framework, to select the character “C”, the user has to flick 2 times on
region 1 of the index finger (see fig. 2.5b). In this case the third number of the code
would be “2” and the gesture code for the character would be “112” (fig. 3.2b).

For characters that only reqire a tap to select, the third number would be “0”.

The only exception to this coding rule is the character “Q” on the QWERTY layout
which is defined by the code “100”. In addition the code for the function “space”

is “400”, and for the function “newline”, the code “401” has been used.

The conversion of the sentences used in the experiments into gesture codes was
done using an application, gesture code generator, that has been developed to
generate codes from alphabets in a text file. The generator outputs the gesture

code and saves it in another text file. It was developed using Python and require
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QWERTY (Swipe)

Character Gesture code
T — 121
Index finger Press on 2" Swipe to 1%
(i.e. 15t finger) region region

(A) Gesture code example for QWERTY (Swipe) framework

Traditional keypad (Flick)

Character Gesture code
cC — 112
Index finger Press on 15t Flick 2 times
(i.e. 15t finger) region on region

(B) Gesture code example for Traditional keypad (Flick) framework

FIGURE 3.2: The above figure illustrates the format of the gesture code using
two examples.

QWERTY (Swipe)

Gesture code

121-223-131-212-400-131-212-400-
211-323-400-211-133-133-233-112

Sentence

THIS ISAN APPLE =~ =——>

FIGURE 3.3: The figure shows an example of gesture codes generated for a
given sentence for QWERTY (Swipe) framework.

Python to be installed on the computer to be able to use it. In addition, alphabets

in the input text file have to be in roman capital letters for the application to work.

After the experiments, the gestures performed by the participants were analysed
by watching the videos and simulatneously comparing the gestures with the cor-

responding code to evaluate if the gestures were correct or not. This method of



Study experiments 24

evaluation turned out to be quite time-consuming and stressful, however, lack of

alternatives in the given timeframe prompted us to use this method.



Chapter 4

Results and discussion

4.1 Results

4.1.1 Familiarity experiment results

After analysis of the videos obtained in the familiarity experiment, the mean
number of successful hits performed by the participants for each trial has been
calculated and plotted on a graph (fig. 4.1). The results show significant increase
in number of successful hits with each successive trial. For the QWERTY layout,
the number of successful hits went up by 51% over the the three trials, and that
of the Traditional keypad layout went up by 42%.

25
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Familiarity experiment

. QWERTY
£ 60
E 55 —
o Traditional
£ 50
= 45 keypad
2
2 40
(9]
S 35
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a 30

25

20

1 2 3
Trial number

FIGURE 4.1: The above figure shows the results obtained from the familiarity
experiment. The x-axis represents the trial number, while the y-axis represents
the average successful hits for the participants.

4.1.2 Speed experiment results

Similarly, for the speed experiment, after analysis of the videos obtained during
the experiment, the mean number of correct inputs performed per minute by
the participants has been calculated and plotted on a graph (fig. 4.2). The results
again show increase in speed for the QWERTY layout compared to the Traditional
keypad layout. On the other hand, the Flick method is found to be faster compared
to the Swipe method.

Speed experiment

N 404 42.8
‘g 40
~
4
@ 30
Q
o
£ 20
o
10
0
Traditional keypad Traditional keypad QWERTY QWERTY
(Swipe) (Flick) (Swipe) (Flick)

FIGURE 4.2: The above figure shows the results obtained from the speed ex-
periment. The graph shows the average input speed of all participants for each
framework.
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4.1.3 Participant impressions
4.1.3.1 Layouts

Three of the five participants stated the QWERTY layout to be more natural
and easily recognizable of the two layouts. A general consensus was that, in
the Traditional keypad layout, the leftward shift in alphabet positions from the
telephone keypad was slightly unnerving to the participants.

4.1.3.2 Methods of selection

All the participants stated the flick method to be the most easy to learn of the
two methods. The swipe method was stated to be a bit complicated and difficult
to master, however 4 of the participants said that the swipe method caused less
stress on the fingers compared to the flick method and might be suitable for longer

period of use.

4.2 Discussion

From the results obtained in the experiments (see fig 4.1 and 4.2) and individual
impressions of the participants, the QWERTY layout proved to be the more nat-
ural and easily recognizable of the two layouts. This might be a result of frequent
use of QWERTY onscreen keyboards on smartphones and computer keyboards by
the general people. From the the familiarity experiment results, both the layouts
showed significant increase in number of successful hits with each successive trial
showing that people can get familiar with the layouts in very short time. Accord-
ing to the results and participant impressions, the QWERTY layout in particular
seemed to be more easiliy recognizable, and although due to the small scope of
the study only three trials were attempted for each participant, the results showed
promising results with regards to easy adaptation to a gesture system using this
layout. Regarding the speed experiment, although the increase in speed for the
QWERTY layout over the Traditional keypad layout did not seem that sginificant,
this can be attributed to the lack of familiarity with the individual methods of

selection giving rise to the inconsistency.
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As for the method of selection, participants seem to find the flick method to be
faster and easier to understand than the swipe method. Although the input speed
of flick method appears to be faster than the swipe method, participants stated
the swipe method to less stressful. This a valuable point since long stretches of
input might fatigue the user, especially if the user is involved in other activities
that are already stressful to the hand or arms (manual labour for example). In
addition, participants stated it was rather the learning curve and not the act of
performing the gesture itself that was difficult. This means that although the
method is difficult to get used, it might be a faster alternative in the long run
since theoretically motions required per input are have less travel and thereby

cause less stress.

Figure 4.3 shows the results obatined in the speed experiment in terms of word
count instead of character count compared to currently used text input solutions.
This provides a better perspective of how a gesture system using these frameworks
might fare against a full-sized physical or smartphone onscreen keyboard. Com-
pared to a smartphone onscreen keyboard (with an average typing speed of 21.8
words per minute [11]), even the QWERTY (Flick) framework with the maximum
speed obtained in the experiments, is less than half of that speed. However, when
we consider the average typing speed on full-sized physical QWERTY keyboards
(around 64 words per minute [12]), even the smartphone onscreen keyboard pro-
vides a fraction of the speed. However, this gesture system, just like the onscreen
keyboard on smarthphones is not designed for long stretches of typing but instead
for the text input used in short mails, text messages, browsing and so on. For such
a purpose this speed might be considered acceptable especially when used with
HMDs which currently do not have any proper text input modility other than a

smartphone.
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Typing speed comparison

25

21.8
20
9.7

10 8.9

79 8.4
| I I I
0
Traditional Traditional QWERTY (Swipe) QWERTY (Flick)  Smartphone

keypad (Swipe) keypad (Flick) onscreen
keyboard [11]

=
(%]

Words / min

FI1GURE 4.3: The above figure is a derived representation of the results obtained

in the speed experiment compared to smartphone onscreen keyboards. In this

figure, character count from the speed experiment results has been converted

to word count with 5.1 characters per word as can be considered an average in
the english language [13]
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Conclusion

In this research, we proposed the use of a one-handed gesture system for character
input on HMD. We then designed four gesture frameworks for use with such a
system. Using layouts already being used on conventional text input systems such
as the physical QWERTY keyboard and traditional mobile phones, we tried to use
the familiarity of the layouts in a one-handed gesture based input scenario. The
results show that the familiarity of the layouts indeed led users to perform input
at decent speed. The QWERTY layout in particular stood out as being more

familiar due to frequent daily use both on smartphones and physical keyboards.

In addition, we also evaluated the effectiveness of two different methods of selection
designed for the layouts. Among these, the Flick method seemed to be easier to
learn and use, although participants of the experiments did report Swipe method
to be less stressful on the hand. This leads to our conclusion that the Swipe
method might be a better choice for prolonged use provided users can take their
time in familiarizing with the method. The Flick method, on the other hand, is

the easier method to learn and readily usable even for beginner users.

Due to the short time involved in the research, and a lack of device capable of con-
sistent hand-tracking, a full-scale implementation and study of such a system could
not be not accomplished. Given the promising results from the design evaluation,
if such a system could be implemented with consistent and precise hand-tracking,
we believe it can be a suitable character input solution for use with HMDs, and
by doing that, enable HMDs to be one step closer to becoming an independent
mobile device. Therefore, as for future works on this subject, we wish to futher

the study and implement a suitable hand-tracking solution for the system. In

30
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addition, we need to further investigate into improvements on these frameworks,
or testing completely new ones on a full-scale system with real-time hand-tracking

and proper visual feedback on a HMD.
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Appendix A

Source code: Visual feedback

application

The following shows the code used for the visual feedback application for the QW-
ERTY (Flick) framework. Visual feedback applications developed for the other

frameworks were similar to the one showed below, with the only difference being

the images files used in lines 21 to 25, and the title of the Ul in line 72.

import sys, math

sys.path.insert (0,”../1ib”) #Directory for the Leap Motion library
files

from PIL import Image, ImageTk

from Tkinter import Frame, Canvas, YES, BOTH

import Leap

class SampleListener (Leap. Listener):
finger_closest = 0
init =1
prev_im = Image.open(’3.jpg’)

im = prev_im

def on_init (self, controller):

print ”"Initialized”

def on_connect(self, controller):

print ”Connected”
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def draw(self , position):
if position = 1:
self.im = Image.open(’vfa_qf_01.jpg’)
elif position = 2:
self .im = Image.open(’vfa_qf_02.jpg’)
elif position = 3:
self .im = Image.open(’vfa_qf_03.jpg’)

# 7vfa_qf_01.jpg”, "vfa_qf_02.jpg” and "vfa_qf_03.jpg” are images
highlighting the character groups on first , second and third
finger respectively , for the QWERTY (Flick) framework. Similarly ,
image files like these were prepared beforehand for use with the
other frameworks

if self.prev_im != self.im:
self .refresh ()
self .paintCanvas.image = ImageTk.Photolmage (self.im)
self .paintCanvas.create_image (0, 0, image=self.
paintCanvas.image, anchor="nw’)
self.prev_im = self.im
def set_canvas(self , canvas):
self .paintCanvas = canvas
def refresh(self):
self.paintCanvas.delete (7 all”)
def on_frame(self, controller):
frame = controller.frame()
for hand in frame.hands:
pointer = hand. fingers [0].bone(3).next_joint
op-minDist = 55
# 7op_minDist”: Distance between thumb and finger must be closer
than this distance for feedback to trigger
hand_id = hand.id
confidence = hand.confidence
for a in range((hand_id x 10) + 1 , (hand_-id * 10) + 5):
finger = hand. finger (a)
for b in range(1l, 4):
bone = finger .bone(b)
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if confidence > 0.5:
if pointer.distance_to ((bone.next_joint+bone.
prev_joint)/2) <= op-minDist:
op-minDist = pointer.distance_to ((bone.
next_joint+bone. prev_joint) /2)
self.finger_closest = finger.type()

self .draw(self.finger_closest)

class VFA(Frame):

def __init__( self ):
Frame. __init__( self )
self .leap = Leap. Controller ()
self.vfa_listener = SampleListener ()
self.leap.add_listener (self.vfa_listener)
self.pack( expand = YES, fill = BOTH )
self . master. title( ” Visual Feedback Application — QWERTY (
FLICK)” ) # VFA for QWERTY (FLICK)
self . master.geometry( ”800x500” )
self . paintCanvas = Canvas( self, width = ”800”, height = 7500
7))
self.paintCanvas.pack ()
self.vfa_listener.set_canvas(self.paintCanvas)
def main():
VFA() . mainloop ()
if __name__ = " __main__":
main ()
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Appendix B

Source code: Gesture code

generator

The following shows the code used for the application for generating gesture codes
out of text files containing random sentences prepared for the study experiments
(see section 3.3). The file “task.txt” (line 82) corresponds to the input file, and
the file “gc.txt” (line 80) corresponds to the output file containing the codes.

Matrix = [[[0 for x in range(3)] for x in range(3)] for x in range(3)
]

try:
mode=int (raw_input (’Enter —\n 1 for QWERTY (Swipe)\n 2 for QWERTY
(Flick)\n 3 for Trad (Swipe)\n 4 for Trad (Flick):\n’))

except ValueError:

print "Not a number”

if mode — 1:

Matrix [2][2][2] = "M’
elif mode — 2:

Matrix [2][2][0] = "M
elif mode =— 3:

Matrix [2][2][1] = "Y”

Matrix [2][2][2] = 727

elif mode =— 4:
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Matrix [2][2][0] = "Y”
Matrix [2][2][1] = 72"
if mode =— 1 or mode — 2:
Matrix [0][0][0] = "W’
Matrix [0][0][1] = "E”
Matrix [0][0][2] = "R”
Matrix [0][1][0] = "T”
Matrix [0][1][1] = "Y”
Matrix [0][1][2] = "U”
Matrix [0][2][0] = "1”
Matrix [0][2][1] = "O”
Matrix [0][2][2] = "P”
Matrix [1][0][0] = 7A”
Matrix [1][0][1] = "S”
Matrix [1][0][2] = "D”
Matrix [1][1][0] = "F”
Matrix [1][1][1] = "G"
Matrix [1][1][2] = "H”
Matrix [1][2]][0] = "J”
Matrix [1][2][1] = "K”
Matrix [1][2][2] = "L”
Matrix [2][0][0] = 727
Matrix [2][0][1] = "X”
Matrix [2][0][2] = "C”
Matrix [2][1][0] = "V”
Matrix [2][1][1] = "B”
Matrix [2][1][2] = "N”
elif mode =— 3 or mode —
Matrix [0][0][0] = "A”
Matrix [0][0][1] = "B”
Matrix [0][0][2] = "C”
Matrix [0][1][0] = "D”
Matrix [0][1][1] = "E”
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Matrix [0][1][2] = "F”

Matrix [0][2]][0] = "G”
Matrix [0][2][1] = "H”
Matrix [0][2][2] = "1”

Matrix [1][0][0] = "J”
Matrix [1][0][1] = "K”
Matrix [1][0][2] = "L”

Matrix [1][1][0] = "M’
Matrix [1][1][1] = "N”
Matrix [1][1][2] = 707

Matrix [1][2][0] = "P”
Matrix [1][2]][1] = "Q"
Matrix [1][2][2] = "R”

Matrix [2][0][0] = "S”
Matrix [2][0][1] = "T”
Matrix [2][0][2] = 7U”

Matrix [2][1][0] = "V”
Matrix [2][1][1] = "W’
Matrix [2][1][2] = 7X”

if Matrix [0][0][0]!= 0:
file = open(”gc.txt”, "wt”) # Output text file with generated
gesture code
file . truncate ()
with open(”task.txt”) as f: # Input text file (text file
containing random sentences provided to the participants)

while True:
¢ = f.read (1)
if not c:
print " Done”
break

for nl in range (3):
for n2 in range (3):
for n3 in range(3):
if ¢ = Matrix[nl][n2][n3]:

if mode — 1 or mode — 3:
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file . write ("%d%d%d—"%(nl1+1,n2+1,n3+1)

else:
file . write ("%d%d%d—"%(n1+1,n12+1,n3))

if c=77:
file . write (7400-")

elif ¢ = ”\n”:
file . write (7401-")

elif mode = 1 or mode = 2:
if ¢ = 7Q:

file . write (7100—")

file . close ()




Appendix C

Familiarity experiment data

Familiarity experiment

Traditional layout

Candidate
Mean per candidate Mean (HPM) Trial no.
C1 c2 C3 c4 C5
174.4 34.88 T1 186 171 158 167 190
2176 43.52 T2 226 224 198 210 230
247.2 4944 T3 253 261 223 241 258
QWERTY layout
Candidate
Mean per candidate Mean (HPM) Trial no.
C1 c2 C3 c4 C5
216 432 T1 231 223 197 208 221
284 56.8 T2 291 294 268 279 288
326.4 65.28 T3 329 344 299 325 335

*HPM: successful hits per minute
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Speed experiment data

Speed experiment
Trad Swipe
Mean (GPM) Total characters in 3 iterations (6 min)
Candidate C1 Cc2 C3 Cc4 C5
Total 290 279 245 258 275
404 Errors 14 6 8 7 10
Correct 248 261 221 237 245
Trad Flick
Mean (GPM) Total characters in 3 iterations (6 min)
Candidate C1 Cc2 C3 C4 C5h
Total 314 306 277 276 309
456 Errors 12 5 7 6 8
Correct 278 291 256 258 285

*CPM: characters per minute
Mean = Total correct characters / (5%6)
i.e. b participants, 6 minutes

FIGURE D.1: Speed experiment : Traditional keypad layout
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Speed experiment
QWERTY Swipe
Mean (CPM) Total characters in 3 iterations (6 min)
Candidate C1 Cc2 C3 c4 C5
Total 288 300 258 267 291
428 Errors 11 8 5 6 10
Correct 255 276 243 249 261
QWERTY Flick
Mean (CPM) Total characters in 3 iterations (6 min)
Candidate C1 C2 C3 C4 C5
Total 329 326 300 306 323
496 Errors 10 5 5 6 6
Correct 299 311 285 288 305

*CPM: characters per minute
Mean = Total correct characters / (5%6)
i.e. 5 participants, 6 minutes

FIGURE D.2: Speed experiment : QWERTY layout
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