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Abstract

In order to leverage the use of various modalities such as audio-visual-touch in instilling
learning behaviour, we present an intuitive approach of annotation based hapto-audio-
visual interaction with the traditional digital learning materials such as eBooks. By in-
tegrating the traditional home entertainment system and respective media in the user’s
reading experience combined with haptic interfaces, we examine whether such augmen-
tation of modalities influence the user’s reading experience in terms of attention, enter-
tainment and retention. The proposed Haptic E-Book (HE-Book) system leverages the
haptic jacket, haptic arm band as well as haptic sofa interfaces to receive haptic emotive
signals wirelessly in the form of patterned vibrations of the actuators and expresses the
learning material by incorporating audio-video based augmentation in order to pave ways
for intimate reading experience in the popular eBook platform. We have designed and
developed desktop, mobile/tablet based HE-Book system as well as a semi-automated
annotation authoring tool. Our system also supports multimedia based diverse quiz aug-
mentations, which can help in learning tracking. We have conducted quantitative and
qualitative tests using the developed prototype systems. We have adopted the indirect
objective based performance analysis methodology, which is commonly used for multime-
dia based learning investigation. The user study shows that, there is a positive tendency
of accepting multimodal interactions including haptics with traditional eBook reading
experience. Though our limited number of laboratory tests reveal, that haptics can be
an influencing media in eBook reading experience, but it requires large scale real life

tests to provide a concluding remarks.
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Chapter 1

Introduction

1.1 Background and Motivation

According to a research article by Harrison [25], French visionaries Robida and Uzanne
stated the future of books in 1895. Their prognosis was that written book contents would
soon be transferred into sound wave and be played in gramophone and subsequently
gramophone would evolve to become pocket-sized player. In contemporary research,
MagicBook [§] project was an early attempt to bring augmented reality display in book
reading experience, where a user could see 3D virtual models out of the pages. This
scheme also supported multiple user immersion in the same scene. In order to replicate
physical metaphors used in real books, Chen et al. [15] introduced a new design of dual
display for e-book reader and various supported interactions like folding, flipping, and
fanning in their system.

Recently, handheld mobile devices are widely adopting tactile feedbacks in their touch
screen based interfaces [9]. With the growing popularity of the haptic sensory feedbacks
in the mobile handheld devices [20], the challenge is now to find new avenues to intu-
itively incorporating the feature into popular applications so that interactive storytelling
becomes more appealing to the users. To satisfy the demand of ubiquitous computing
age, Park et al. [44] suggested a book evolution framework in their survey which identifies
three dimensions of book evolution: digitalization, augmentation and hypermediation.
They also recommended three research and business development directions: 1) Open
Hypermediation, 2) eBook Augmentation, and 3) Mobile-Device Based Augmentation.
According to the authors, hypermediation will evolve from internal links to external

links and from closed (proprietary) links to open links. They have also shown that, there



will be an evolution from e-book into augmented e-book or augmented book into digi-
talized augmented book. All of these evolutions are targeted to enhance learning and
entertainment experience of the book readers.

Reading is a complex cognitive process, which intends to decode meanings from text
by relating words with one existing knowledge-base and understanding. According to
Dale [16], more use of modalities ensures effective learning. He described our learning
phenomenon numerically 10% of what we read, 20% what we hear, 30% of what we see,
50% of what we hear and see, 70% of what we say and 90% of what we both say and
do. Though these numerical labels are not widely accepted but the theory of ”Cone of
Learning” is mostly acknowledged in the research communities relating to analysis of the
reading behaviours.

Our ways of readings are continuously moulded with the advent of new technological
innovations, devices and platforms. For example, e-book is continuously challenging the
existence of print book and at times e-books are replacing the former in schools [3§].
In our daily life, we are getting more and more explored to electronic materials than
printed books as now-a-days most of the advanced hand held mobile devices provide
e-book reading facilities [57]. Mangent [38] depicted that, ”Haptic perception is of vital
importance to reading, and should be duly acknowledged. The reading process and expe-
rience of a digital text are greatly affected by the fact that we click and scroll, in contrast
to tactilely richer experience when flipping through the pages of a print book”. As today’s
user community is widely accepting haptic interfaces; the effect of tactile feedbacks from
the reading materials has started to form a new genre of research interest. Currently,
many e-book reader devices have introduced tactile haptics as well as sound feedbacks
while flipping a page. Haptics is considered to be both as independent and supplemen-
tary medium of communication channel [46]. Physical contacts are fundamental needs to
mental and psychological development and hence their applications in various cognitive
applications have attracted attention of many researchers around the world [24].

Considerable research efforts [8][62][22][11] have been put on to reduce the gap be-
tween the real book and virtual reality in the past few years. We find from [44], that
several works on augmented books has explored relationship between real and digital
books, their various interaction techniques and technologies, audio-visual augmentation
methodologies etc. But the limitation of most of the existing researches on augmented
books lies in the requirements of specific and unpopular computer interface such as head
mounted display, ARToolkit, bar code scanner, projector with cameras etc. As well as,

all these research works mostly explore the opportunity of visual immersion let alone



the opportunities of haptic immersion with the e-book materials. This is particularly
significant, as tactile (Haptic) feedback has been present in most of the handheld devices
now-a-days [20].

Motivated by some of the above works and research opportunities, we present a
new e-book reading platform which reflects the direction of Park et al.[44] by combin-
ing the concept of hypermedia and e-book augmentation in various platforms such as
desktop/handheld devices to evaluate suitability of user’s acceptance to tactile feedbacks
from e-book reading materials. We have elaborated our system to support broader view
of multimedia rather than hypermedia only. We have augmented our e-book reading
system with traditional multimedia (audio, video) as well as haptics to analyze the effect

of multimodality on immersive reading experience.

1.2 Research Problems

From the contemporary research, we find that most of the research works targeted mixed
reality, where virtual reality is augmented with the real book. Many different versions of
such systems are being designed and developed where a normal user need to use addi-
tional head mounted display or projector with cameras types of devices to enjoy visual
immersion. However, there is hardly any work which explains the effect of haptic im-
mersion in reading experience. To the extent of our knowledge, no research article has
explored the possibilities of augmenting haptics with eBook reading materials intuitively
and explained the effect of such modality in immersive reading experience. As well as,
there is no such eBook reading platform which leverages the advantage of a ubiquitous
smart space where there is haptic devices (i.e. jacket, sofa, arm band), multimedia enter-
tainment systems (i.e. TV, Sound system). It is worth to be noted that eBook platform
is supported in all computing platforms and already considered as next generation of
book. Besides, current world is adopting numerous handheld mobile devices (i.e. Smart-
phone, Tablet) which have the necessary computing capabilities, can also communicate
ubiquitously with their surrounding devices. We also need to explore the usefulness of
haptics modality combined with already accepted modalities such as text, sound, video
etc. for the purpose of immersive and effective reading. Such eBook platform has to be
designed such that it can adopt the needs and dimensions of future books. As a result,
we need a generic framework for eBook platform which can adopt to multiple modalities,
and which can meaningfully convey the information to target devices as well as extended

to support additional features used in learning experience tracking.



1.3 Objective and Contributions

Our focus is on ubiquitous environment supported e-book augmentation rather than real
book based augmented reality using non-popular visual devices. For example, in a home
entertainment scenario (Fig. , where a father is reading out his travel notes using
his iPad, he can choose to show recorded video of the visited places automatically to his
wife and the kid, by using the home multimedia screen (e.g. television screen) as well
as incorporate them with immersive experience by using haptic enabled devices. Here,
haptic sofaﬂ and haptic jacket [53] will provide content dependent vibrotactile feedbacks
such as boat or train movements. It is also possible to augment such experience with
background music playing in the surrounding stereo system. In order to deliver such total
(visual, audio, haptic) immersive experience, there is a need to propose Haptic E-Book
(HE-Book) which is an e-book reading platform, capable of delivering content related
traditional and additional multimedia such as audio-video, vibrotactile feedbacks to user’s
reading experience. The system architecture should be easily extendable to support other
available media such as smell, taste etc. A semi-automatic hapto-audio-visual annotation
method is needed in order to support the annotation author. In addition to, user’s
acceptance of the system using standard usability tests, measurement methods need to
be evaluated in order to derive and understand the effect of such framework on immersive

reading experiences.

HDMI
Enabled
) S—
Multimedia
Sound
Haptic | | System
Jacket ) o
ablet
Based
Haptic | HE-Book
Sofa

Figure 1.1: Multimedia Home Entertainment Scenario

The research in this thesis has been performed by leveraging several existing tech-

'Haptic sofa, http://d-box.com/en/home-theatre/d-box-ready-seating/
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nologies. However, the idea of hapto-audio-visual augmentation, e-book based multime-
dia quiz annotation, necessary generic system architecture, semi-automatic annotation
methodology, possible interaction methodology, prototype implementations, and detail
experiments are original works. The contributions of this research provide an intuitive
mechanism of integrating different useful modalities in eBook reading platform which is
found to leverage immersive reading experience. Overall contributions can be summa-

rized as the following:

1. Proposal of annotation based haptic-audio-visual feedback integration in traditional

digital text contents in order to leverage total immersive experience.

2. Design and development of a generalized framework for such a Human-Computer-
Interaction application that can annotate various multimedia data with eBook

contents as well as interact with the ubiquitous environment.

3. Design and development of a multimedia ordering algorithm to meaningfully convey

various media to the reader.

4. Design and development of multimedia quiz augmentation method in the proposed
HE-Book system. Such quiz can be extended to any types such as Multiple Choice

Questions, fill in the blanks, anagrams, crosswords, word searches etc.

5. Design and development of a semi automatic hapto-audio-visual annotation scheme
by analyzing the text scenarios of the e-book content. For this purpose, we have
developed noun phrase based video-audio search and rule based emotion detection

methodology.

We also extended an open source based e-book reader to support HE-Book based
extension and e-book authoring facilities. The annotation methodology used in the
prototype allows the creation and storing of separate annotation file and corresponding
multimedia resources in remote annotation repository. This will help to easily extend
existing eBook platforms to our proposed HE-Book enabled platform. Finally, we present
various analysis of the quantitative and qualitative test results carried using the prototype
HE-Book systems.



1.4 Scholarly Output

In addition to meet its objectives as described above, this research undertaking has also

lead to a variety of scholarly publications, as listed below.

1. Papers in Referred Journals

(a)

(b)

Kazi Masudul Alam, Abu Saleh Md Mahfujur Rahman, and Abdulmotaleb
El Saddik, "Mobile Haptic Ebook System to Support 3D Immersive Reading
in Ubiquitous Environments”, Accepted (In Revision), ACM Transactions on

Multimedia Computing, Communications and Applications, April, 2012.
Faisal Arafsha,Kazi Masudul Alam, Abdulmotaleb El Saddik, ” Towards

Consumer Centric Affective Haptic Clothes”, To be submitted, Journal of

Multimedia Tools and Applications, Springer, June, 2012.

2. Papers in Referred Conferences

(a)

Kazi Masudul Alam, Abu Saleh Md Mahfujur Rahman and Abdulmotaleb
El Saddik, "HE-Book: A Prototype Haptic Interface for Immersive E-Book
Reading Experience”, IEEE - World Haptics Conference (WHC), pages 367-
371, 2011, Istanbul.

Abu Saleh Md Mahfujur Rahman, Kazi Masudul Alam and Abdulmotaleb
El Saddik, ” Augmented HE-Book: A Multimedia Based Extension to Support
Immersive Reading Experience”, International Conference on Autonomous
and Intelligent Systems (AIS), LNCS, pages 321-330, 2011, Burnaby, BC,

Canada.

Abu Saleh Md Mahfujur Rahman, Kazi Masudul Alam and Abdulmotaleb
El Saddik, ” A prototype Haptic E-Book system to support immersive remote
reading in a smart space”, pages 124-128, Haptic Audio Visual Environments
and Games (HAVE), 2011 IEEE International Workshop.

Kazi Masudul Alam, Abdulmotaleb El SADDIK,Sandro HARDY, Aysha
AKTHER, "SMS Text Based Affective Haptic Application”, Proceedings of
Virtual Reality International Conference (VRIC 2011), 6-8 April 2011, Laval,

France.



(e) Kazi Masudul Alam, Md. Abdur Rahman, Abdulmotaleb El Saddik, Wail
Gueaieb, "Adding Emotional Tag to Augment Context-Awareness in Social

Network Services”, IEEE International Instrumentation and Measurement
Technology Conference (I2MTC),pages 1-6, 2011

(f) Faisal Arafsha,Kazi Masudul Alam, Abdulmotaleb El Saddik, ” EmoJacket:
Consumer Centric Wearable Affective Jacket to Enhance Emotional Immer-
sion”, In Press, IEEE Innovations in Information Technology, 2012, March
18-20, UAE

(g) Aysha Akther, Kazi Masudul Alam, Heung-Nam Kim, Abdulmotaleb El
Saddik, ”Social Network Assisted Personalization with User Context for Rec-
ommender Systems”, In Press, IEEE Innovations in Information Technology,
2012, March 18-20, UAE

1.5 Thesis Organization

The remainder of this thesis is organized as follows:

Chapter 2 presents an overview of the background literature and related studies.
Background literature contains the importance of book in education, how e-book has
emerged and taken the space of real book. Also, we describe the types of eBook readers
available and the devices that support eBook platform. Next we discuss about multime-
dia augmentation and ubiquitous computing. Then, we present overview of the closely
related research works that motivated our proposed system.

Chapter 3 presents our proposed system architecture and provides details about the
component architecture and their interaction methods. Next we discuss about our semi-
automatic eBook annotation scheme. It also includes emotion detection based recom-
mendation phase which helps in the annotation process.

Chapter 4 gives a detailed description of the implementation process of this system.
It explains the system setup upon which we have developed our prototype systems. Next
we describe the software development details of the prototypes and the emotion detection
model including some sample user interfaces. Finally, this chapter provides a section on
the problems faced and lessons learned during the implementation phase.

Chapter 5 provides evaluation results and corresponding findings. We have divided
the evaluation phase in qualitative and quantitative measurements to determine useful

involvement methodologies with the users. Next we have conducted detail user study to



measure the influence of our system in immersive and effective reading experience.
Finally, in chapter 6 we summarize the overall contribution of our research and draw
a path to possible future work to enhance the system and make it more intuitive to

common user practice. We also discuss few research venues.



Chapter 2

Background and Related Works

2.1 Literature Review

In this section, we present a review of the literature related to E-Book system. Here
we draw comparisons among existing eBook file formats and popular eBook hardware
platforms. We also present short reviews about multimedia (text, image, sound, video,
haptics) representation, immersion, multimedia authoring tools, multimedia augmenta-

tion and ubiquitous computing.

2.1.1 E-Book System

An Electronic-Book (variously, e-book, ebook, digital book) is a book-length publication
in the digital form, consisting of text, images, or both, and can be viewed on desktop
computer, laptop, tablet, smartphone or e-book reader [21]. During travel, we can store
a large number of e-books in portable units, which can dramatically reduce weight and
volume compared to paper. As well as, electronic bookmarks make referencing easier,
and e-book readers can allow the user to annotate pages.

The inventor and the title of the first e-book is not widely agreed upon. It is said that
Thomas Aquinas created the landmark of the e-book in 1940 with his heavily-annotated
indexing to the works. Alternatively, electronic books are considered by some to have
started in the mid-1960s, with the NLS project headed by Doug Engelbart at Stanford
Research Institute (SRI), and the Hypertext Editing System and FRESS projects headed
by Andries van Dam at Brown University [59][60][4]. Yet others believe that the inventor
of the e-book is Michael S. Hart through the Project Glutenberg in 1971 [3I]. One early

e-book implementation was the DynaBook e-book reader for notebook in 1970.
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The major problem with e-books is the many formats competing for prime time, in-
cluding Adobe PDF, iBooks, eReader, Mobipocket Reader, EPUB, Kindle and Microsoft
Reader. However, in the late 1990s a consortium was formed to develop the Open eBook
format as a way for authors and publishers to provide a single source document that
could be handled by many book-reading software and hardware platforms. Table
shows a comparisonﬂ of features supported by some of the eBook file formats. Followings

are the most widely used formats for eBook systems.

e HTML Hyper Text Markup Language (HTML) is the markup language used for
most web pages. In this case, web browsers are used to read E-books written in
HTML. World Wide Web Consortium (W3C) provides the specification of HTML

format without any charge.

e Kindle In 2011, Amazon.com released Kindle Fire Reader. It included the next
generation eBook file format Kindle Format 8. Both HTML5 and CSS3 are sup-

ported in .kf8 file format. Amazons older Kindle eBook readers use proprietary
format, AZW.

e Microsoft Reader Microsoft also has their own bites in the eBook market.
Their proprietary Microsoft Reader Program supports Digital Rights Management
(DRM) protected LIT files. LIT file format is somehow similar to CHM file format

from Microsoft.

e EPUB International Digital Publishing Forum (IDPF) has created an open stan-
dard for the eBooks which is called .epub. EPUB file format has gained rapid
popularity since its publication and by 2011 it has become the most widely sup-
ported vendor-independent XML based eBook format.

e Portable Document Format (PDF) Well known Adobe Systems also has their
participation in the eBook space. Their PDF' file format was first initiated to
provide a standard form for storing printable documents, but now it is widely used
as eBook file format. This format is derived from PostScript. It supports additional
features like compression, passwords and Digital Rights Management (DRM) but

not language features like loops.

'Wikipedia (Comparison of e-book formats), http://en.wikipedia.org/wiki/Comparison_of_e-
book_formats
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Format Image | Sound | Open Embedded Video | Haptics
Sup- Sup- Standard | Annotation | Sup-
port port Support port
HTML Yes Yes Yes No Yes No
Kindle Yes Yes Yes Yes Yes No
Microsoft Yes No No Yes No No
Reader
EPUB Yes Yes Yes Yes Yes No
Portable Yes Yes Yes Yes Yes No
Document
Format
(PDF)
eReader Yes No No Yes Yes No
Mobipocket | Yes No Yes Yes Yes No

Table 2.1: Comparison of features supported by various eBook file formats

e eReader eReader is a freeware program for viewing Palm Digital Media electronic

books which use the pdb format used by many Palm applications. Versions are
available for iPhone, PalmOS (not webOS), Android, Symbian, BlackBerry, Win-
dows Mobile Pocket PC/Smartphone, desktop Windows, and Macintosh.

e Mobipocket The Mobipocket e-book format is based on the Open eBook standard
using XHTML and can include JavaScript and frames. It also supports native SQL

queries to be used with embedded databases.

2.1.2 Popular E-Book Platforms

Many millions of eBook readers are using the following list of popular eBook platforms

(Figure in their everyday reading experience. These devices are widely accepted in

the existing readers’ community and table shows the range of file formats supported

by these ebook reading devices.

e Amazon Kindle Fire The Kindle Fird’] is a tablet computer version of Ama-

zon.com’s Kindle e-book reader. It was announced on 28 September 2011, which

2Wikipedia (Kindle Fire), http://en.wikipedia.org/wiki/Kindle_Fire
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has a color 77 multi-touch display. It supports IPS technology and uses a forked

version of Google Android Operating System.

Reader PDF EPUB | HTML MobiPocket | eReader| Kindle | Open
eBook

Amazon Yes Yes Yes Yes No Yes No

Kindle

Fire

Android Yes Yes Yes Yes Yes Yes Yes

eBook

Reader

Apple Yes Yes Yes Yes Yes Yes Yes

eBook

Reader

Barnes Yes Yes No Yes Yes No No

&  Noble

Nook

Kobo Yes Yes Yes No No No No

eReader

Sony Yes Yes No No No No No

Reader

Windows Yes Yes Yes No No Yes No

Phone 7

Table 2.2: Comparison of different file formats supported by various eBook platforms

e Android eBook Reader Android[]is a Linux-based operating system for mobile

devices such as smartphones and tablet computers. It is developed by the Open

Handset Alliance led by Google.

Google purchased the initial developer of the

software, Android Inc., in 2005. It has multiple ebook reading software available

in its market place.

e Apple eBook Reader iBookdis an e-book application by Apple Inc. It was

announced in conjunction with the iPad in January, 2010, and was released for the

3Wikipedia (Android), http://en.wikipedia.org/wiki/Android_(operating_system)
4 Wikipedia (iBooks Author), http://en.wikipedia.org/wiki/IBooks_Author
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iPhone and iPod Touch in mid-2010, as part of the iOS 4 update. It primarily
receives ePub content from the iBookstore, but users can also add their own ePub

and PDF files viadata synchronization with iTunes.

kindle

PROLOGUE

hough 1 often losked for one, 1
finally had to admit that there could be no cure
for Paris. Part of it was the war. The world had
ended once already and could again at amy
moment. The war had come and changed us by
happening when everyone said it couldn't. No one
knew how many had died, but when you heard the
| numbers—nine million or foorteen million—you
thought, Impossible. Paris was full of ghosts and
the walking wounded. Many came back to Rouen
or Oak Park, llinois, shot through and carrying
little pieces of what theyd seen behind their

"D yous et e 4 b whh) P e T cried
N e gt il

= o st oSl ., e | o ooy scion o
L

Android Device

&

Books are the carriers of civilization
Without books, history is silent, literature
dumb, science crippled, thought and

speculation at a standstill

prised at your Knowlng oo
. 1 ruther wonder now at

~ Henry David Thoreau

it oW S 85 10 doubl

iPad Kobo Sony

Figure 2.1: Popular Table / E-Book Reader Devices available in the market currently.
e Nook The Barnes & Noble Nookﬂ is a brand of electronic-book reader developed
by American book retailer Barnes & Noble, based on the Android platform.

e Kobo The Kobo eReadelﬂ is an e-book reader produced by Toronto-based com-

pany Kobo Inc. The original version was released in July 2010 and was marketed

Shttp://en.wikipedia.org/wiki/Barnes_%26_Noble_Nook
Shttp://en.wikipedia.org/wiki/Kobo_eReader
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as a minimalist alternative to the more expensive e-book readers available at the

time.

e Sony Reader The Sony Readell]is a line of e-book readers manufactured by
Sony. It uses an electronic paper display developed by E-Ink Corporation, is view-
able in direct sunlight, requires no power to maintain a static image, and is usable

in portrait or landscape orientation.

2.1.3 Multimedia Representation

Multimedia is a woven combination of digitally manipulated text, photographs, graphic
art, sound, animation and video elements [66]. Followings are some types of media that

can be compiled together to form multimedia presentations.

e Text Words and symbols in any form, spoken or written, are the most common
means of communication. Text is an element of multimedia menus, navigation

systems, and content.

e Image Still image is another important element of a multimedia project. While
creating still images, display resolution, hardware and software capabilities are
considered. At the same time, still images can be generated in two ways: bitmaps,

vector-drawn graphics.

e Video Light reflected from an object through the camera’s lens is converted into
the electronic signal by a charge-coupled device. This electronic signal contains
three channels of color information and synchronization pulses. Several video
stands exist that deal with the amount of separations between the components

of the signal. Video is a popular tool for delivering multimedia.

e SoundVibrations in the air create waves of pressure that are perceived as sound.
Sound waves vary in sound pressure level (amplitude) and in frequency or pitch. For
multimedia systems, sounds are assigned to various system events such as startup,

warnings, etc.

e Haptics Haptics, a term that was derived from the Greek word haptesthai mean-

ing of a relating to the sense of touch, refers to the science of manual sensing

Thttp://en.wikipedia.org/wiki/Sony_Reader
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(exploration of information extraction) and manipulation (for modifying the en-
vironment) through touch. Haptic technology is an emerging interdiscipline field
that deals with the understanding of human touch (human haptics), motor char-
acteristics (machine haptics), and with the development of computer-controlled
systems (computer haptics) that allow physical interactions with real or virtual

environments through touch [19].

2.1.4 Multimedia Authoring

Multimedia authoring tools enable the developer to create, edit, and import data.
In multimedia authoring systems, multimedia elements and events are often regarded as
objects. Objects exist in a hierarchical order of parent and child relationships. Each
object is assigned properties and modifiers. Modifiers such as methods, functions, etc
mini-programs are used to modify the properties of the object. On receiving messages,
objects perform tasks depending on the properties and modifiers. Authoring systems
include editing tools to create, edit, and convert multimedia elements such as animation,
audio and video clips. The organization, design, and production process for multimedia
involve storyboarding and flowcharting. Visual programming with icons or objects is the
simplest and easiest authoring process. Authoring tools offer very high level language

(VHLL) or interpreted scripting environment [66].

2.1.5 Immersion

Immersionﬁ is the state of consciousness where an immersant’s awareness of physical self is
diminished or lost by being surrounded in an engrossing total environment. This mental
state is frequently accompanied with spatial excess, intense focus, a distorted sense of
time, and effortless action. The term is widely used for describing immersive virtual
reality, installation art and video games. According to Ernest W. Adams immersion])

can be separated into three main categories:

e Tuctical immersion Tactical immersion is experienced when performing tactile op-
erations that involve skill. Players feel ”in the zone” while perfecting actions that

result in success.

8Immersion (virtual reality), http://en.wikipedia.org/wiki/Immersion_(virtual reality)
9Postmodernism and the Three Types of Immersion ,http://designersnotebook.com/Columns/063_Postmodernism /06
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e Strategic tmmersion Strategic immersion is more cerebral, and is associated with
mental challenge. Chess players experience strategic immersion when choosing a

correct solution among a broad array of possibilities.

e Narrative immersion Narrative immersion occurs when players become invested in
a story, and is similar to what is experienced while reading a book or watching a

movie.

2.1.6 Multimedia Augmentation

Augmented reality (AR) H is a live, direct or indirect, view of a physical, real-world
environment whose elements are augmented by computer-generated sensory input such
as sound, video, graphics or GPS data. It is related to a more general concept called
mediated reality, in which a view of reality is modified (possibly even diminished rather
than augmented) by a computer. Augmented Reality is considered as an extension of
Virtual Reality. Virtual Reality (VR) is a virtual space where the player immerses
themselves into that exceed the bounds of physical reality (Figure . In the VR,
time, physical laws and material properties no longer hold in contrast to real-world
environment.

Augmented Reality might apply to all senses, not just sight. AR could be extended
to include sound. The user would wear headphones equipped with microphones on the
outside. The headphones would add synthetic, directional 3D sound, while the external
microphones would detect incoming sounds from the environment. This would give the
system a chance to mask or cover up selected real sounds from the environment by
generating a masking signal that exactly canceled the incoming real sound.

Another example is haptics. Gloves with devices that provide tactile feedback might
augment real forces in the environment. For example, a user might run his hand over
the surface of a real desk. Simulating such a hard surface virtually is fairly difficult, but
it is easy to do in reality. Then the tactile effectors in the glove can augment the feel of
the desk, perhaps making it feel rough in certain spots. This capability might be useful
in some applications, such as providing an additional cue that a virtual object is at a

particular location on a real desk [6].

Ohttp://en.wikipedia.org/wiki/Augmented reality
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Figure 2.2: A sample augmented reality scene, where 3D representation of a 2D player

is visible through some head mounted / hand held device.

2.1.7 Ubiquitous Computing

Ubiquitous computingEl is a model of human-computer interaction in which information
processing has been thoroughly integrated into everyday objects and activities. In the
course of ordinary activities, someone ”using” ubiquitous computing engages many com-
putational devices and systems simultaneously, and may not necessarily even be aware
that they are doing so. This model (Figure is usually considered an advancement
from the desktop paradigm. More formally, Ubiquitous computing is defined as ”"ma-
chines that fit the human environment instead of forcing humans to enter theirs”. This
paradigm is also described as pervasive computing, ambient intelligence, where each term
emphasizes slightly different aspects. When primarily concerning the objects involved,

it is also physical computing, the Internet of Things, haptic computing, and things that
think [52].

Hhttp:/ /en.wikipedia.org/wiki/Ubiquitous_computing
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Figure 2.3: Ubiquitous computing will enable diverse wireless applications, including
monitoring of pets and houseplants, operation of appliances, keeping track of books and

bicycles, and much more.

2.2 Related Works

According to a research article by Harrison [25], French visionaries Robida and Uzanne
stated the future of books in 1895. Their prognosis was that written book contents
would soon be transferred into sound wave and be played in gramophone and subse-
quently gramophone would evolve to become a pocket-sized player. They also envisioned
that the recorded voice of the books will be maintained by one authority and rented by
restaurants, public transportation vehicle, steamship cabin, hotel room, etc. Though the
future of reading didn’t directly evolve like they thought but certainly we found various
similarities with actual book reading trends.The first portable, wireless, networked device
that could act as a notebook/reading device was introduced by Alan Kay in 1968. This
is called DynaBook (Fig. and still considered as an ultimate reading device. Though
the model was never physically built, but it did set the stage for the ebook devices. In
the mid-1990s, couple of book-like metaphors emerged such as SoftBook Reader (Fig.
, Rocket eBook (Fig. [2.6) etc. Their features included the latest memory, proces-
sor, and LCD technology as well as network connection, monochrome/color display etc.
Considerable design efforts were made to give them book-like reading experience. Hence,

we find that several research efforts have been put in this research area for long time of
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computing history, which acted as guidelines for our research work. In this section, we
briefly describe some closely related systems, their basic concepts as well as following

architecture.

" WSTYLUS

Figure 2.4: Dynabook is the first proposed eBook device. [25]

Figure 2.5: SoftBook eBook reader device. [25]

2.2.1 MagicBook

In contemporary research, MagicBook [8] project was an early (2001) attempt to bring

augmented reality in real book reading experience, where a user could see 3D virtual
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models out of the real book pages. If a person looks at the pages through an augmented
reality display, they see 3D virtual models appearing out of the pages (Figure )
Users can move themselves or the book itself to go through the augmented reality scene.

So basically, it is an enhanced version of the traditional 3D pop-up book.

Figure 2.6: Rocket ebook reader device. [25]

In the MagicBook, users can change the virtual models as well, just by turning the
book pages. If someone likes one specific page, he/she can get into the virtual scene, move
around and can have immersive experience into a story. Another interesting advantage
of the system is that, multiple users can immerse in the same scene where one user
visualizes others as miniature avatars (Figure 2.7c). In the immersive world, people
viewing the augmented reality scene appear as large, virtual heads looking down from
the sky. This way, people are always aware of the other users of the interface and where
they are looking.

The MagicBook interface uses a handheld augmented reality display (HHD), a com-
puter graphics workstation, and the physical book. Fach user has his/her own handheld
display and computer to generate personal scene views. For multiple user augmentation,
these computers need to be networked together to exchange avatar related information.
These computers are networked together to exchange information about avatar positions

and the virtual scenes each user view [g].

2.2.2 3Book

Card et al.(2004) [II] proposed physical behavioral simulation of a real codex book
in the presentation of a 3D virtual book which is called 3Book. Later, Welch et al.
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Figure 2.7: Using the MagicBook interface to move between reality and virtual reality.

(a) Reality, (b) augmented reality, and (c) immersive VR. [§]

(2005) [68] extended the concept further to an immersive Virtual Reality book aimed
at medical training for surgery. 3Book can be used in the digital library and several
other information-intensive applications. It could represent books of unlimited length,
supported both short and large format of books as well as helped in reading enhancement
and sense making.

Authors started their virtual book work with the system Catalogues [12], which
was used for TabWorks [39]. Later they used WebBooks [13], a more elaborated book
metaphor where web pages were piled in a 3D workspace. Analyzing the above sys-
tems, they found two limitations; first, they were not supporting interactive 3D virtual
book and second, they could only support limited number of pages, as well as they were
relatively slow. Hence they developed their 3Book prototype, which simulates physical
codex book metaphor in 3D electronic format. First, they developed their system in a
paper book named Biohazard which had 300 pages (about 118,000 words). The reader
could turn individual pages by touching them or turn blocks of pages by touching the
core edge of the book. They used VTK 4.2 and JAVA programming language for these
purposes.

Their system also supported full size larger books such as Readings in Information-
Visualization: Using Vision to Think of pages (700), a large page format (8-1/2 x 11)
containing 700 1100 words per page, for an estimated 700,000 words. It was difficult
for a large laptop with an LCD screen of 9”7 by 12”7 to view Information Visualization,
which required them to reduce the size by 80%. To resolve these problems, their system

supported rapid zooming of the book and display the pages in rocker page form. If there
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(a) (b) (c)

Focus + Context

(d) (e) (f)

Figure 2.8: 3Book rocker pages. (a) Large 3Book, (b) In open position, (c¢) 3Book with
highlights, bookmarks, and slid-out pages, (d) Recto page bent back and verso page
zoomed into reading position, (e) Rocker page in animated transition from verso to recto

page, (f) Recto page in reading position. [I1]

is not enough horizontal room, the non-viewed page is bent back, allowing all of its page
width still to be visible. 3Book also supported bookmarking and sensemaking activi-
ties, which allowed the comparison of the multiple pages. They provided smart indexes
based on information scent and word co-occurrence models that dynamically changed in

response to reader interest.

2.2.3 Annotating 3D Electronic Books

The same researcher group of 3Book, extended their system in [27] (2005), to support
3D electronic book annotation. In that system, they adopted two types of annotation:
highlight and scribble. A highlight is depicted as an area on the page, which can be used
to highlight a figure, a paragraph, or even a previously added annotation in the margin.
On the other hand, a scribble is presented as an annotation made with pen strokes.
Examples of scribble are underlined words and sentences, brief notes written between
lines, and marginal symbols like arrows and brackets. In order to render the annotation,

they used three different techniques.

e Transparent geometry Transparent geometry (e.g., polygons or lines) are repre-
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sented as annotation on the pages.

o Vertex coloring The color values at the vertices of the polygonal mesh of page are
modified for this annotation.

e Texture coloring Pixels of a page texture is updated to achieve this effect.

FARYT we TAP -

Linstructed the Ministry of Health to send a team of physicians to
Lt Siberia with the serum.
- it Tt was a shot in the dark. Koltsove was four hours away by
uﬂ-”-ﬂ-. "‘ ' il il plane and the next flight from Moscow wasn’t until later. that
- oo omand | night. Even if they made the fight, they wonld artive nearly two
. n.h“ﬂnw an amimal ¢ days after the inidal nfecron—an cternity for Marburg, Zagorsk
S bt v s b s S SRS  had only a few hundred millilicers of antiserum on hand,

Kalinin was in a meeting when [ asked to see him. Tatyana took
one look at me and hurried me into his office. He dismissed his vis-
itors, and I gave him the scanty details 1 had of what had haj
pened.
“I'm waiting for a cryptogram from Vector, but
like we have a dead person on our hands,” 1 said.
Kalinin turned pale.
“Yow dnn’e think he can be saved? ™ he acked
<)

Figure 2.9: (a)A yellow, transparent 3D rectangle is placed on top of the left page.
A transparent geometry would have to be deformed along with the page area that it
annotates, (b) Two page areas are highlighted in red and green, respectively, (c¢) 3Using
the texture coloring technique, PARC TAP was scribbled in the top margin of page 127.

Note how system response time limits quality of annotation with this technique. [27]

For their system, authors combined the above techniques in several ways to improve
the rendering speed at different cases. For example, when a user is sketching an anno-
tation, their system shows a 3D transparent geometry instead of updating the page and
later map the annotation onto the texture. On the other hand, for stroke based anno-
tation, when user is drawing the trajectory using the pen, they create polyline in 3D
scene. When an user releases the pen, then they update the page texture using coloring
technique. The goal of this work is to investigate suitable graphical and user interface

techniques for supporting interactive annotation in 3Book.
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(d)

Figure 2.10: A projector augments the Universal media book with data from the Visible
Human Project. (a) A user looks at a sagittal view image of a face. (b) A video fly-
through of axial mri scans of a skull is played and remains correctly aligned to the page
extents while a user turns the page. (c), (d) A user dynamically explores an anatomical

volumetric dataset of a male cadaver through varying directions and orientations. [23]

2.2.4 The Universal Media Book

In another research, Gupta and Jaynes (2006) [23] explored integration of projected
imagery with the physical book in order to introduce a tangible interface to multimedia
data. They have used camera and projector pair to introduce a tracking framework,
which monitors the 3D position of planar pages when a user turns book pages back and
forth. Rectangular white boards are stacked and bounded on one side to make up the
book. Four 3D coordinates defined each of the book pages. Two of the coordinates, called
pivot points, remain fixed at the spine, while the other two corresponding coordinates,
called endpoints, are constantly updated as a page is turned. As pages are turned, they
are assumed to follow a path along the curved edge of a cylinder whose major axis is
parallel to the book spine and is embedded in the tabletop (Figure ). As a page is
moved, the pages location in the world must be continuously updated in each frame so
the projector can correctly augment the page. Their book can be loaded with various

multimedia contents like video, images, data, etc.
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2.2.5 Virtual Pop-Up Book

Nobuko et al. (2007) introduced the Virtual pop-up book [62] system which is based on
augmented reality technology. It is capable of displaying 3D virtual objects on a real
book based on pose and position estimation of a camera. In their system, they do not
use any markers because a picture book with markers looks unattractive. Their proposed
system has several advantages namely; 3D rendering helps readers understand scenes.
Secondly, characters look lively by using motions. Thirdly, author of the picture book
can use the new representation, which mixes 2D and 3D rendering. Lastly, it can express

time changes using animation.

Display PC

Figure 2.11: a)PC monitor-based display system , b)HMD-based display system,

c¢)Viewing a scene from different angles, d)Example of selected templates. [62]

Their system had two kinds of display types. One is PC monitor (Figure ) The
other is Head Mounted Display (Figure [2.11p). Their PC monitor version of the system
is better suited for the children who feel HMD as a load. On the other hand, HMD
version of the system offers more immersive experience to one user.

They used ARToolKit [29] for obtaining an image from the camera and rendering
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Computer Graphics (CG) objects. It is very important to get the camera pose and
position to the book, for rendering 3D CG objects at the proper position. They have used
marker-less registration method in the contrary to many vision-based methods proposed
until then. Their system flow has three parts Page determination, Initial pose estimation

and Tracking.

e Page Determination For this phase, they create an image template of each
page. The templates were cut out from input image by using image-editing soft-
ware, later reduced 1/16 in size, searched using active search and finally, the highest

similar template was adapted as the target page.

e Initial Pose Estimation The flow of the initial pose estimation follows: making
templates of feature points (Off-line processing), searching some feature points from
the input image, calculating camera position by using image coordinates of detected

feature points.

e Tracking They applied texture tracking for the tracking method. This method
does not use special markers in the iterative tracking phase. Several natural feature
points were extracted from the tracked object by off-line image analysis. This phase
follows the flow: forecasting the image to coordinate of the feature points, making
templates based on the image coordinate of the feature points, template matching
using the generated templates. After this procedure, they find the pairs of the
world coordinates and image coordinates. With over three pairs, the camera poses

can be acquired.

2.2.6 Dual-Display E-Book Readers

In order to replicate physical metaphors used in dealings with real books, Chen et al.
(2008) [15] introduced a new design of dual display for e-book reader and various sup-
ported interactions like folding, flipping, and fanning in their system. They explored the
design interfaces that support reading activities with the dual-display e-book reader. For
this purpose, they build a prototype dual-display e-book reader integrated with motion

sensors. Their device explored two unique aspects.

e Navigation using an embodied interface Their device provided similar set
of physical interactions that users normally exhibit with a real book. Their device
allowed readers to turn pages by fanning one face toward the other and, in the

back-to-back configuration, by flipping the device over.
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e Flexible display configurations Authors figured out the drawbacks of the ex-
isting e-book readers, and the summarized that they offered very limited screen
space. Though it is possible to construct devices with bigger displays, but the in-
creased size introduces cumbersome to use and carry around. Their proposed Dual-
display e-book reader offered a compromise between increase screen and flexible,
convenient form factor. When, two of their displays were attached, they increase
the screen space Fig. and represented a broader view of the document.

Figure 2.12: Prototype e-book reader with faces in the attached, side-by-side configura-
tion (top), and the detached configuration (bottom). [15]

The main goal of their work was to explore, how dual-display can improve reading
experience for digital content. They established three design goals based on ethnographic

work on reading.

e Improving local navigation While reading, users need to consult on or around
the current page repeatedly. Dual-display e-book readers can increase the reading
area and provide lightweight, gesture based control which in turn facilitate in the

reading process.
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e Improving global navigation Sometimes book readers need searching and
direct moving facility in the reading document. Dual-display can utilize its extra

space for this purpose, which will improve the global navigation system.

e Improving multi-document navigation Many reading activities require
simultaneous interaction with multiple distributed pages of a document. Further-
more, reader needs to take notes, references with the real book. Dual-display
systems with detachable faces can improve multi-document navigation by allowing

users to arrange and interact with each display separately.

2.2.7 Authoring Tool for Digilog Book
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Figure 2.13: a)Overall Architecture, b) Description type of multi-layer of picture areas.

[43)

Digilog Book (2007) [32] is an Augmented Reality (AR) book, which provides ad-
ditional information by stimulating humans five senses with multimedia contents. In

this system, user can manipulate virtual objects by various tangible pads. Park et al.
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(2009) [45], proposed a multi-layer based authoring tool for Digilog Book (Figure [2.13).
Their major feature was authoring various properties of printed contents of a paper book.
Their architecture consists of two components, first a multi-layer (video, sound, picture,
text) based authoring system and the other one is the Digilog viewer. Their authoring
phase starts with recognizing a page number from camera input image, then creating
layers based on layer templates and finally storing the information using XML format.
User can interact with the system when a page containing XML data is retrieved from
the database.

2.2.8 Guidelines for Future Augmented Books

In a long-term development phase, Grasset et al. (2008) [22] have focused on design
and development of mixed reality books in a broader sense. They have discussed the
semantics of mixed reality book, available design space and user experience with such
type of interfaces. They have found through study that contents typically found in
augmented books are 2D static (images, schemes, text), 2D dynamic content (videos,
animations), 3D content (environment, animation, 3D avatars), and sound (ambient,
spatial, interactive). According to the authors, physicality of a book can be determined
by how many physical elements are present. A Virtual Book is completely electronic
format and ARBooks use physical book as an interface. In Virtual AR Books we can
present virtual content only, multimedia side by side or multimedia integrated with
the real book. Augmented books can support various tracking choices such as flat-
rigid surfaces, curvature at the crease of the pages as well as non-rigid surfaces. In a
mixed reality book, layout of virtual objects (2D, 3D, or 3D sound) can be of different
geometric characteristics, which can enhance, replicate or replace 2D real book objects.
We can interact with the virtual or mixed reality books by gaze, finger or tangible
(positioning or moving tangible element) interactions. In order to provide immersive
reading experience we need to consider invisible tracking, introduce visual surroundings
and appealing cinematographic effects.

Park et al. (2010) [44] suggested a framework of book evolution for ubiquitous com-
puting age. They proposed three dimensions (Figure of book evolution : digitaliza-
tion, augmentation, and hypermediation. The mainstream dimension of book evolution
has been digitalization; that is, evolution of paper books to e-book.The recent develop-
ment in e-book, is the emergence of e-book hardware and services integrated as a product

service system. Like the product service system, i-tunes.com coupled with iPod of Apple
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in music industry, e-book industries are competing with Amazon.com’s Kindle, Barnes &
Nobles Nook, Apples iPad with iBook. The second dimension of book evolution is aug-
mentation: the evolution of paper books to augmented books. While the current e-book
is digitalizing the current two-dimensional printed book into the two-dimensional com-
puter screen, the augmented book is augmenting a different book experience by adding
some dimensions or functionality to the traditional book or electronic book. The 3rd
dimension is hypermediation where books are augmented with media using the stan-

dardized communication protocol such as HTTP.

2.2.9 Emotion Classification Methods

Researchers differ in the method of emotion classification but most of the theorists nor-
mally address love, joy, surprise, anger, sadness, and fear as basic emotions [64] [51][28] [43].
From Parrots [47] research article, we find that emotion can be presented in a tree struc-
ture where emotions are listed as primary, secondary and tertiary emotions. According to
Parrot joy can be of type cheerfulness, pride, relief etc. and love can be of type affection,
lust, longing. If we analyze the emotional labels of the following three sentences, Take
my love, Love you :-X honey!( :-X denotes a big wet kiss), Loveeeee to see u soooon!

using the methods provided in [28] and [42] we will label them all with love, however
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if we use Parrot model [47], we can conclude that the above sentences intend affection,
lust and longing respectively. Hence, this model is a good candidate for fine grained
detail emotional tagging which can be used for a wide range of application domains e.g.
handheld small device, serious games, haptic interaction, detail 3D emotion modeling,
complex robotics etc.

A very important work for emotion analysis is affective labeling of WordNet [37]
synsets which is called WordNet-Affect [56]. In WordNet-Affect noun, adjective, verb
and adverb of WordNet are labeled to emotion, cognitive state, trait, behavior, atti-
tude, feeling etc. WordNet-Affect follows the emotion model of Ortony and Turner [43].
Though Chuang [73] proposed a semantic network based text to emotion extraction
method but it lacks necessary corpus for better results. Mulder et al. [41] made an
attempt to formalize the affection in word and grammatical level of a fraction of Dutch
and English. They tested their system in a pilot experiment but they do not provide
their detail formalization or implementation methods.

A very popular work about affective haptic is iFeel IM! [65] where 9 basic emotions
are detected from SecondLifd'] chatting text and the emotion is conveyed to the end
users using a set of devices. This research work is limited to the domain of SecondLife
and their emotion detection does not support detail emotion tracking. HugMe system
[18] facilitates users hugging using a specific haptic jacket while they are using instant
messenger. This work does not have automatic emotion awareness. We have used this
haptic jacket in our prototype application. Rehman and Liu conducted research [54] to
support visually impaired people by wearing video camera that points to the face of the
person of interest. Then the captured video is analyzed and facial emotional parameters
are extracted and this information is conveyed to a mobile phone to vibrate based on

that information.

2.3 Summary

We find from [44] that, several works on augmented books have explored the relationship
between real and digital books, their interaction techniques and technologies and audio-
visual augmentation. But the limitation of most of the existing researches on augmented
books, lies in the requirements of specific and unpopular computer interface such as

head mounted display, ARToolkit, bar code scanner, projector with cameras, etc. From

12Second Life, http://www.secondlife.com

31



the literature review, it is clear that there is hardly any existing research which has
explored the possibilities of augmenting haptics with eBook reading materials intuitively
and explained the effect of such modality in immersive reading experience. As a result,
there is no such eBook reading platform which leverages the advantage of a ubiquitous
smart space where there is haptic devices (i.e. jacket, sofa, arm band), multimedia
entertainment systems (i.e. TV, Sound system). Hence, in this thesis, we have proposed
our HE-Book system, which can fill that gap.
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Chapter 3

HE-Book System Design

This chapter presents the overall architecture and detailed descriptions of a new annota-
tion based e-book reading system, which supports various types of augmented traditional
multimedia (image, video, audio), haptic, quiz and can easily adapt to new media. When
a user reads an e-book in desktop, mobile, or tablet device using the proposed Haptic
E-Book (HE-Book) reader, he/she will perceive different types of modality, which help to
enhance reader’s immersive reading experience. Such total(visual, audio, haptic) immer-
sion helps one reader to properly understand and retain the content of e-book materials.
We have illustrated our system description in the section and provided e-book anno-

tation scheme in section 3.2

3.1 Haptic E-Book System

The HE-Book system consists of three major modules and an interaction controller as
depicted in Figure [3.1] All the modules are composed of different components, which is
pointed in Figure [3.2 In Section [3.1.1 we describe HE-Book Event Manager module,
which assists in reading event detection, locating target paragraphs based on the user’s
finger touch or automatic reading interaction. It also describes the details about runtime
quiz display and following answer event management. In Section [3.1.2] we describe part
of the Annotation Manager module that handles e-book annotation retrieval operations.
Multimedia and Haptic Rendering Manager module, illustrated in Section[3.1.3] describes
details about diverse multimedia, haptic and quiz rendering procedures. Operations of all
the modules, that is the interaction among various components are centrally monitored
and organized by the Interaction Controller. It is described in Section [3.1.4]
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Figure 3.1: High level architecture of the proposed HE-Book system

3.1.1 HE-Book Event Manager

In this section, we describe reading event generatation procedure by user interaction and
their corresponding processing methodologies. In HE-Book, each reading event request
can initiate multiple event processing responses. Reading event can be an outcome of
user‘s finger touch or machine automated reading itself. For each reading event there

can be diverse multimedia presentation as well as a series of quiz interaction.

Reading Event Generation Methodologies

e Finger Touch Based: The haptic e-book system can be deployed in a touch based
desktop/mobile/tablet device. The user can flip pages and scroll the paragraph
of the pages through the touch based interaction. If the HE-Book reader system
is used in a touch mobile device (Figure [£.5), the standard touch SDK available
for that device is used to obtain the screen coordinates, using the Reading Event
Listener component. The Listener sends the corresponding device specific touch
coordinate information to the Reading Event Manager Interface (Figure . This
component uses the Paragraph Locator component in order to match the touched
screen coordinate with the displayed e-book page area to deduce the paragraph
that the user is currently pointing at. As soon as the user touches a paragraph of
the page that has been previously annotated, the user is sent a motor vibration to
confirm that a valid haptic annotation for the selected paragraph has been found.

Further processing is controlled by thelnteraction Controller module.
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Figure 3.3: Sequence diagram of HE-Book reading event
o Machine Initated Reading: With the vision of a user friendly system for adult or

children, physically well or challenged, we incorporate machine initiated reading

support in the system. We consider machine initiated reading settings, is useful for
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the young children or physically challenged people. Using this automated interac-
tion mode, a user can choose to listen selected or all the remaining paragraphs of
the book automatically. Reading event is started from the current paragraph from
which Text-To-Speech (TTS) system is activated. When the automatic reader sys-
tem selects an already tagged paragraph, the Paragraph Locator component comes
to know about the corresponding paragraph for which multimedia-haptic augmen-
tation needs to be played. Next, Interaction Controller module is handed over to

the control to process rest of the operations.

Annotation Manager Interface Annotation File

Annotation Mapping Service

I
|
|
Page |0, Para ID - |
|
|

Fage I, Para 1D

Annotation XML Block
Annotation XML Block -

Figure 3.4: HE-Book annotation mapping sequence diagram

Reading Event Processing

When a reading event is generated, the corresponding page and paragraph of the con-
tent are detected, control is handed over to Interaction Controller (IC) module, which
initiates reading event processing step. In this phase, Annotation Manager Interface of
IC (Figure uses the Annotation Mapping Service component of Annotation Manager
module to retrieve multimedia and haptic augmentation information from the annotation
XML file. This component uses the already available page ID and the matching para-
graph ID information. Annotation Mapping Service component returns the correspond-
ing multimedia-haptic annotation details to the Interaction Controller which continues

to coordinate the rest of the processing.
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Quiz Event Processing

Our proposed HE-Book system can be augmented with various multimedia quizzes as
well. If a paragraph is previously tagged with different quiz options, then the /C' module
will be already containing corresponding quiz annotation information, and the previous
reading event processing step should have been completed already. Additionally, in this
stage, we need to display the packaged quiz data received from the Multimedia-Haptic-
Rendering Manager module through the Quiz Controller component of the IC (Figure
[3.6). As our, HE-Book system interaction is limited to paragraph level (not sentence
level) hence there can be a series of quiz question-answering session and after that there

will be a final score for that quiz session.

3.1.2 Annotation Manager

Annotation Manager module has three components (F igure among which Annotation
Mapping Service is used to retrieve augmentation information from the XML based
annotation file. From figure we see that Annotation Manager Interface sends { Page,
Para} pair to the Annotation Mapping Service, and it uses that information to parse
the HE-Book annotation file. By parsing the XML file, corresponding XML block is
returned to the IC module which consists of Multimedia-Haptic and quiz augmentation
information. Other two components Image Search Service and Emotion Search Service
of this module are described in the HE-Book annotation scheme Section 3.2 We envision
introducing intelligent quiz recommendation service, based on current performance of the

reader in our future works.

3.1.3 Multimedia-Haptic Rendering Manager

Following section describes the details about hapto-audio-visual rendering. It also in-
cludes quiz rendering approach and how HE-Book can be integrated into a home multi-

media entertainment system.

Audio Video Controller

Here, we describe the text-to-speech interaction mechanism, image-video rendering ap-
proach. Mutimedia Haptic Rendering Interface and Quiz Controller of IC sends the XML
block to respective Multimedia Data Packaging and Quiz Data Packaging components
(Figure and corresponding data packaging is processed in those components.
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W

o Text to Speech Interaction: In order to deliver audio feedback of the reading ma-

terial to foster effective edutainment, we incorporated Text to Speech (TTS) in-

teraction scheme in the system. Using this interaction option a reader can choose

male or female voice and issue commands to listen to some selected or to all the
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remaining paragraphs of the book automatically. The real time TTS processing
engine produces the audio stream from the e-book content so that the learner can
choose to hear the reading material. While hearing the audio content, the reader
also receives the haptic rendering, and augmented images, which are delivered on
the readers selected screen to ’see’ the learning material by using the annotation
blocks in real time. It is also possible to use the proposed HE-Book for a home

multimedia entertainment system integration.

Image/Video Rendering Approach: Based on the xml data received by the multi-
media packaging subsystem from the IC module, the sub-system builds the media
following the details given in the XML image or video block (Figure and .
For example, image/video source can be local space of the HE-Book client de-
vice, or can be coming from network place or directly from online links. Hence,
image/video rendering depends on the local resources available to the HE-Book
client. If the client is a simple mobile device with low hardware specifications,
then this phase has limitation of usage. Therefore we assume that, the HE-Book
clients will be deployed to such environment where hardware specification is not
limited. For example, if we deploy the HE-Book system in a tablet device then the
native imager /video viewer library of the HE-Book device incorporates augmented
visual feedback to be displayed on the user device screen so that a learner can
'see’ images/videos that are related to the learning content. In another scenario, if
we are using a low specification mobile device as HE-Book client, then there can
be an intermediate computing device which will be receiving media data following
Figure and then will playback the specific media to specific device. The later
approach can be selectively used for the former approach as well. Seeing an image
of a snow storm while reading about it can help the user improve his/her reading
and understanding abilities in order to help practice effective learning behaviour
[16]. Additionally, the augmented visual display of the learning material can make

the intuitive learning process more interactive and entertaining [§].

Quiz Rendering Approach: Quiz rendering process of HE-Book system follows same
methodology as image/video rendering but quiz interaction is handled by the Quiz
Controller (QC) of IC. As annotation of HE-Book is limited to paragraph level,
hence each paragraph can have a set of questions and following answer (Figure
). Quiz can be of many types such as Multiple Choice Questions (MCQ), fill in

the blanks, crossword, anagrams, word searches etc. Here we describe MCQ only.
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Figure 3.7: HE-Book media playback sequence in respective devices

Each quiz question is divided in the question body, multiple choice options and the
respective answer of the quiz (Figure . The multiple choice option can be de-
signed using text, image, video etc. When reading event triggers a quiz event, then
the rendering is processed. Based on the xml data received from annotation man-
ager module, QQC displays the quiz package in target video display device following
Figure [3.7l Then, it waits for the user selection of the answers and dispatches the
next quiz available for this current paragraph. This process is handled by the QC.

In our future works, we plan to add other types of quiz interactions as well.

Haptic Rendering Approach

Based on the page and paragraph information, the Interaction Controller (IC') receives
haptic XML description from the annotation retrieving process. Next, the IC extracts
haptic description blocks from the received annotation block for a given paragraph. Then,
the Multimedia-haptic Manager Interface component of the IC manages the further pro-
cessing. In this phase, haptic description block is send to the Multimedia-Haptic Render-
ing Manager module, where the Haptic Signal Generator component determines device
specific haptic signal (Figure . As the target haptic device can be heterogeneous,
we defined different types of signal for different devices. In our system architecture, we
have considered Bluetooth as a method of communication between our system and the

corresponding haptic device. Such communication can also be extended to other possible
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personal network communication methods based on the device support. In our prototype
system, we have used a Bluetooth enabled haptic jacket, a D-Box haptic sofa , and a

Bluetooth enabled haptic arm-band .

e Haptic Signal Generator: From our previous work [2] we have selected three basic
emotions { Love, Joy, Fear} based on the haptic devices available for our prototype
system. It is also possible to extend our system to other emotion types if related
devices are available. The defined emotions are tagged to the e-book content semi-
automatically as will be described later. It totally depends upon the haptic devices
what can be imulated through them. We have annotated real life scenarios such
as riding bike, driving car, travelling by airplane, travelling by boat, sea storm tide

effects, holding hands, tickle, hug, poke, touch.

— Touch: In order to mimic touch haptic interaction we have incorporated fun-
nelling illusion based actuator pattern generation. The patterned vibrations

of the set of actuators on the human skin produce the touch sensations.

— Poke: Haptic poke incorporates the similar patterned vibrations as the touch.
However, the funnelling parameters for the motors are reduced and the vibra-

tion strength is higher in this type of haptic simulations.

— Tickle: Through the haptic jacket interface, we empirically have positioned
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the actuator motors around the belly, armpit and neck area and leveraged a

set of patterned touch sensations in order to generate tickle haptic feedback.

— Holding Hands: By using the haptic armband we have achieved the holding
hand haptic feedback. In this type of haptic rendering the haptic touch is

focused on the armband area.

— Sea Storm, Travelling in a Boat/Airplane/Car, Bike Riding: The haptic sofa
is responsible for the generation of such feedbacks. The sea storm haptic feed-
back is a special type of boat riding haptic feedback. In order to generate
boat riding haptic sensation the D-Box interface generates wave of signals to
modulate the actuators accordingly. In car travelling haptic feedback we mod-
ified the boat travelling feedback and enhanced it with frequent vibrations. In
order to simulate bike-riding experience, the haptic sofa reduces the actuator

vibrations, however, increases the force of the actuators in the process.

— Fear, Joy, Love: We again capitalize the haptic touch and haptic poke feed-
backs in order to generate these emotional feedbacks. In case of fear haptic
rendering, we enable the periodic patterned actuator touch sensation along the
backbone. The joy effect is produced by incorporating a series of mild-poke
and mild touch sensation around the stomach area which simulates butterfly
effect. Whereas the love effect is produced by enhancing the haptic touch
around the left-chest area. The actuator motors were placed around these

said areas with varying intensity beforehand.

Home Multimedia System Integration

HE-Book system can adapt to the ubiquitous home multimedia entertainment scenario.
For example, one of the HE-Book user will read the annotated content using his/her
mobile device (e.g. iPad, Kindle, Google android phone) and others will enjoy the content
related information by utilizing the smart devices surrounding them such as Haptic sofa,
haptic jacket, haptic arm-band, stereo sound system, HDMI based TV etc. In such a
scenario, the reader’s partner, kids are friends are passive users. Both mom and the kid
are wearing haptic jackets, sitting on a haptic sofa and in front of them, there is a HDMI
enabled TV. To complete the scenario, there is also a stereo system, which can capture
audio input both from the TV or a computing device wirelessly. While reading the book,
an active user touches annotated part of the content and consecutively a list of images

are queued to be displayed in the front TV as well as related audio can be played in
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the stereo system. At the same time, wearable and surrounding haptic devices of every
passive and active user will start to play the command that is sent to it. In our prototype
system, haptic signalling and streaming is handled by an intermediate computer, which is
connected to the mobile device using a personal communication network (e.g. Bluetooth).
This scenario can be controlled by a standalone mobile device too. TTS support of the
system makes it possible for the reader to relax and only listen to the machine automated

reading in addition to the augmented multimedia-haptic rendering.

3.1.4 Interaction Controller

The Interaction Controller (IC) plays the central role to organize and synchronize the
necessary work flow in the haptic e-book reading system. The IC polls to acquire user
touch inputs after a certain interval. As soon as a touch interaction is performed, the
IC handles the screen coordinate based paragraph identification of the e-book document.
The Annotation Manager module takes the page ID and the paragraph ID to retrieve
the haptic and multimedia data associated with the paragraph and returns the data
to the IC. Further the IC transmits the obtained hapto-audio-visual information to the
Multimedia-Haptic Rendering Manager module. In this module, haptic, multimedia
and quiz information are prepared for further delivery to specific device. Device specific
haptic commands are transferred to the Haptic Signal Generator component where haptic
signal is generated for the corresponding haptic device. On the other hand, multimedia
information is packaged and returned to the IC module. IC module transmits all types
of multimedia-haptic data to the corresponding rendering device using personal wireless

network available.

Medium of Communication

In our HE-Book system architecture, we have adopted Bluetooth as our medium of
communication from the Interaction Controller module to the haptic and audio-visual
rendering devices. It is also possible to use other methods of wireless communication
instead of Bluetooth based on the functionality of the media devices. IC polls the sur-
rounding active devices following the flowchart of Figure [3.9] If any media device is
discovered, then it checks whether it is already a paired Bluetooth device or not. As
Bluetooth pairing takes time, media ordering with minimal jitter is an important issue,
so we only consider pre-paired Bluetooth devices. IC also checks the status of a device

whether it is a standalone or intermediate device. Standalone device is itself capable
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of continuing media streaming but for a setup such as home multimedia entertainment
where number of devices are involved, an intermediate computer device play the role
as mediator controller. Intermediate computer controller is introduced to overcome the
computing limitations of mobile devices. In addition to coordinating the aforementioned
task, IC ensures that the system modules are not blocking or throttling the operation
of the other modules. The Interaction Controller employs carrier-sensing algorithm to

determine the active/idle states of the other modules.
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Figure 3.9: Multimedia and haptic play device discovery and listing method

Multimedia Playback Ordering

Incorporation of various media with the e-book reading scenario introduces media play-
back ordering issue. We have used the following Algorithm{l] to handle this issue. We
have selected {start reading, text-to-speech, image rendering, haptic rendering} media
ordering after several subjective tests using the prototype systems. Details about the
result can be found in the section (£.1.2]

The media ordering algorithm runs as long as the reading event is generated. When
a new a paragraph is selected by one of the available interactions, we first sense the

existence of already running media stream. If already there exist running media from
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Algorithm 1 Multimedia Playback Order Management algorithm for HE-Book system
Require: Client devices list from interaction controller Fig.

Ensure: Client devices are in receiving state

1: while Reading event continues do

2: if New paragraph is selected then

3: if Previous media stream is alive then

4: Dispose haptic rendering

5: Dispose image rendering

6: Dispose text-to-speech service

7: end if

8: Start Text-to-speech if corresponding stream and device is available
9: Start Image rendering if corresponding stream and device is available
10: Start Haptic rendering if corresponding stream and device is available
11: else {Media streaming is running}

12: Continue Text-to-speech if stream and device is available

13: Continue Image rendering if stream and device is available

14: Continue Haptic rendering if stream and device is available

15: end if

16: end while

an old paragraph, then the running media streams are disposed in the following order
haptic first, image next and TTS at last. If there is no such running media, then we
start to play the HE-Book media stream in the following order; TTS first, image next
and haptic at last. Alternatively, if there is no new paragraph selection event, the current
media streaming continues in the order it was initiated. From the subjective tests (as
discussed in the evaluation chapter) we found that, if above-described media streaming
order is followed, then users report minimum errors otherwise cognitive load on the user

increases and surpasses his/her comfort level.

Quiz Controller

Quiz controller (QC) is a component of the IC module. It is responsible for managing all
the quiz related interaction between the user and the HE-Book quiz processing system.
It also maintains the paragraph wise and final scoring of a quiz session with an individual
user. Basically, quiz information is stored in the XML annotation file. After the quiz

information is retrieved from the annotation retriever phase, QC receives the packaged
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Figure 3.10: HE-Book quiz handling sequence

multimedia enabled quiz from the Quiz Data Packaging component. Next, QC displays
the packaged quiz information to the HE-Book user display device (Figure . After
the quiz is displayed in the user screen, user participates in the answering session and
QC stores the score of the user and give feedback about the answer on the user screen
(Figur. As each paragraph can contain multiple numbers of quizzes, hence it is the
responsibility of the QC to maintain the log of the quiz session. When, the complete
book is read, QC is capable of displaying both paragraph wise and final score of the user.

This system can help in tracking the learning progress of the reader.

3.2 HE-Book Annotation Scheme

In order to incorporate diverse media with current e-book architecture, we have used a
separate XML based annotation file. This annotation file contains the description and
details about various media (audio,video,image ), haptic and quizzes. This annotation
file can be extended to support other media such as the "smell” as well. We also have
designed an annotation editor, in order to help in the process of annotation. Following sub
sections have the detail description of the annotation language and annotation authoring

procedure.
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3.2.1 Annotation Language

The advantage of separate XML based annotation file (Fig. is that, a HE-Book
user could decide to either use the multimedia-haptic extension or ignore it. A possible
business model for the separate XML file can be an online HE-Book XML store, from
where a user can download the annotation file for a specific e-book and if necessary
the corresponding media data. XML based annotation increases adaptibility to existing
popular eBook file format such as EPUB. For the annotated paragraph of an e-book,
we have created an XML element Page which contain attribute ID that denotes the
unique number of the page. Every Page element is divided in several paragraphs Para,
where ID denotes each paragraph no. Granularity level of our annotation is at Para
i.e. vibrotactile feedback and multimedia playback would start and end in a paragraph
leve instead of sentence level, which we termed as scene or paragraph based annotation.
Alternatively we can say that the line level annotation and corresponding reading event

detection is a future work that we plan to do next.

— <Document>
- <Page id="1">
— <Paraid="1">
<Haptic device="Sofa" type="Fun" duration="10" pattern="Periodic"
Repeat="1" delay="1"/>
<Haptic device="Jacket" type="Touch" duration="10" pattern="Periodic"
Repeat="1" delay="1"/>
<Home device="Speaker" type="Stereo" duration="10" Repeat="1"
url="user/music/anthem.mid"/>
— <Image src="Flickr" url="http://www flickr.com/photos/1813617771/">
<target type="TV"/> <target type="PDA"/>
</Image>
</Para>
</Page>
—<Pageid="2">
+ <Paraid="1">
+ <Paraid="3">
</Page>
</Document>

Figure 3.11: XML based annotation file for the e-book document.

Under the Para element, the main elements are Haptic, Image and Video. We support
heterogeneous haptic devices as well as different type of behaviour in those devices such
as Fun, Touch, Love etc. Duration and pattern of the haptic behaviour can also be
customized through the XML file. Home element is used to incorporate home multimedia
devices to the system such as sound system. Image and Video type is used to display
image, video to different target devices such as Television, mobile or computer screen.

It is also possible to extend the different media support to be local i.e. fetched from the
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local hard drive as well as online type of audio, video. Image has attributes Sre, URL.
Haptic is described using Device which can be Sofa, Jacket, Arm band etc; Type such as
Fun, Touch, Love etc; different Pattern, Repeatation and Delay. Influenced by our past
work [53] we annotated the e-book content with Touch, Fun, Hug, Tickle, Kiss, Poke
type haptic feedbacks into our HE-Book system.

-<Document>
-<Page id="1">
-<Paraid="1">
+=<Haptic=
+<Image>
+<Video=>
-<QuizList=
-<Quiz id="1">
=Question>What was the color of Cinderella's hill?</Question>
=0Options=>
=Option id="1" description="Red” Image="user/image/red.jpg” /=
<Option id="2" description="Blue” Image="user /image /blue.jpg” />
=<Option id="3" description="Black” Image="user/image/blackjpg” /=
=Option id="4" description="Pink” Image="user/image/pinkjpg” /=
=/Options=>
<Answer>4</Answer=>
=</Quiz=>
+<Quiz id="2">
< /QuizList>
=</Para=
=/Page=
=/Document=

Figure 3.12: Quiz annotation block in HE-Book XML annotation file

For the quiz annotation part, HE-Book supports diverse multimedia quiz annotation.
From Figure we find that, every paragraph has a list of quizzes under the XML
element QuizList. For every Quiz, there is an identifier ID, one element Question, set
of options under Options list. For a quiz type of question, we can have multiple set of
Options. Every Option is identified by an ID. Every option can have Description and link
url to Image or any other media. Next to the option set, we have the Answer identified
by the Option id. It is also possible to support multiple answers by introducing a list of

alnswers.
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3.2.2 Annotation Tool

We can create annotation file following the appropriate annotation language manually or
we can use any custom annotation tool for the annotation block generation purpose. In
our prototype system, we have considered both manual and semi-automatic annotation
procedure. Using our developed annotation authoring tool (Figure , an author can
select a paragraph of a selected page of an e-book and tag it by using various haptic and
multimedia properties. In case of semi-automatic annotation, the system will suggest
various offline/online media resources (image, audio, video), possible emotion of the

text, etc. This annotation procedure is introduced to give convenience to the annotation
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Figure 3.13: Annotation editor for the e-book document (i.e. PDF)

In the annotation authoring tool, we use Stanford POS tagger [30] to find out candi-
date Noun Phrase (NP) from a sentence of a selected paragraph. In order to automate
the annotation process, we suggest to the annotation author a list of noun phrases, which
can be good candidate for multimedia annotation. Based on the paragraph wise NP list,
an annotator selects a NP that is suitable to describe a scene properly. Based on the NP
selection, our image-video search service, suggests a list of online links (if available local
media address) to images and videos. For the image annotation steps, after selecting NP
from the list, the annotator is provided with a list of possible images from the available

image providers based on web search and displayed them in an image container. Later,
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Basic Emotion | Secondary Emotion

Love Affection, Lust, Longing

Joy Cheerfulness, Zest, Contentment, Pride, Optimism, Enthrallment, Relief
Surprise Surprise

Anger Irritation, Exasperation, Rage, Disgust, Envy, Torment

Sadness Suffering, Sadness, Disappointment, Shame, Neglect, Sympathy

Fear Horror, Nervousness

Table 3.1: Typed Emotion Lists for User’s Personal Selection

an author selects a relevant image from the list and thus image block is attached to the
annotation file. Annotator also can edit the description of the annotation block in order
to better suit the purpose.

In case of haptic annotation, we have used the text based emotion detection model
proposed by [3] to find out emotions of the text. In this process, the emotion detection
model can suggest the author with love, joy, anger, surprise, sadness, fear after analyzing
the textual paragraph. Though some emotion suggestions are ambiguous but it helps the
annotator to quickly decide about possible mapping with haptic patterns. There were
three supported devices: haptic jacket, haptic arm-band, haptic sofa and for each device,
there is a list of supported vibration patterns. Those patterns were configured by using
specific key control parameters for each haptic device. The XML file (Fig. was
further stored to be processed by the HE-Book reader.

3.2.3 Emotion Recommendation Model

In our emotion detection model, we have extended an existing model presented in Emo-
Heart [42] to support detailed secondary-level emotions [48] in Table[3.1] As depicted in
Fig. 2, the overall components of our proposed affective analysis system are Text Content
Module, Emoticon Processor, Abbreviation Processor, Non-grammar highly intensive
word processor, EmoHeart based Syntax, Word, Phrase, Sentence Analysis, Interjection
Processor and emotion tagged output. All these modules are centrally controlled by the
Step Forwarding Controller. This controller module decides which step to execute at

which instance of time. Now we describe briefely each of the modules.
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Text Content Module

At this phase, the text content is analyzed using Stanford POS tagger [30]. We use our
predefined tags: {emo}, {abb},{ng}, {g}, {exc}, {punc}, {int} for this phase of tagging.
Here emo, abb, ng, g, exc, punc, int stands respectively for emoticon, abbreviation, non-
grammar, grammar, exclamation, punctuation and interjection respectively. Example of
non-grammars would be loveeee, uuuu, cooool. The processed tagged input is transferred

to Step Forwarding Controller.

Step Forwarding Controller
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Figure 3.14: System flow of secondary level emotion detection system

Step Forwarding Controller

This module acts as the central controller as well as the transit to every intermediate
input and output of the analysis model. Based on the tagged content of input (text),
this module calls other low level modules to process the corresponding tagged part. At
this stage, parallel execution is performed on the different tagged part of the text to
improve the performance of the system. For example, emoticon processor, abbreviation
processor, non-grammar processor and interjection processor can work simultaneously
to translate the input text and symbols to proper transcriptions. The Punctuation
processor is applied at the end of the sentence level processing. Finally, a detailed

emotion description of the inputed text is obtained.
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Emoticon | Meaning Emotion Label
i-) So happy, I'm crying | Zest

o) Wow! Cheerfulness

:( Sad Sadness

-1l Angry Rage

8-O Omigod!! Surprise

=X A big wet kiss! Lust

Table 3.2: Partial List of Emoticons and Corresponding secondary emotions

Abbreviation | Description

AMBW All my best wishes
BS Big Smile

CUL See You Later

DYLM do you like me

GLLA Great lovers love alike
HAK Hugs and kisses

Table 3.3: Partial list of abbreviation symbol

Interjection | Interjection
Alas Gee

Bingo Hurray

Bravo Oops

Cheers Ssh

Dang Wow

Eureka Yuck

Table 3.4: Partial list of Interjection
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Emoticon Processor

In this phase, the emoticon tagged contents are translated to the corresponding text

emotion based on a list of secondary emotions [72]. We show a partial list of emoticons
compiled on this research in Table 3.2

Abbreviation Processor

Abbreviation processing module uses a rich abbreviation database, consisting 900 mostly
used symbols compiled from [36],[1],[49],[63],[67][5]. In our algorithm, we translate one
symbol found in a candidate sentence to its corresponding transcription following the
compiled database. We have prepared this database after detail study of SMS, online
conversation, blog and video commenting. In Table [3.3] we show a partial list of our

abbreviation symbol table.

Non-grammar Processor

This module is designed to calculate a possible word from a non-grammar word. We have
selected some mostly used words analyzing SMS archive [5] and public chat room texts
(Yahoo Messenger, Google talk) like bye, love, u, so, cool, ah, wow etc. for this phase
of calculation. When we get one of these non-grammar words hiii, byeee, loveeee, uuuu,
5000, co0000ol, ahhh, woowwwww etc., we calculate its Levenshtein string distance [34]
with our non-grammar basic word list. We select the basic word which requires minimum
delete/insert distance from the candidate word. Also, we assume greater emotional
intensity of the basic word based on the delete distance. For example, loveeeee! uuuuu

has strong emotional intesity than lovee! uu.

Syntax, Word, Phrase and Sentence Analysis

We follow the steps presented in EmoHeart [42] for syntax, word, phrase and sentence
analysis, but we increased the number of elements in the vector of emotional state in-
tensities from 9 to 25. Our intention is to find more detailed emotion labels from the
input text. In our model, the vector of emotional state intensity is e = [Affection,
Lust, Longing, Cheerfulness, Zest, Contentment, Pride, Optimism, Enthrallment, Relief,
Surprise, Irritation, Ezasperation, Rage, Disqust, Envy, Torment, Suffering, Sadness,
Disappointment, Shame, Neglect, Sympathy, Horror, Nervousness] which consists of sec-

ondary emotions. A group of this secondary emotions falls in primary emotion category
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(Table B-1).

We manually converted a small part of WordNet-Affect ( 539 nouns, 517 adjectives,
238 verbs and 15 adverbs) [61] to emotion intensified vector data. We have created
a website which is usable in research network. Using this website (Figure [4.7)), one
annotator annotates the emotion intensity vector to our candidate nouns, adjectives,
verbs and adverbs from the WordNet-Affect list. We have invited 3 annotators for the
annotation purpose and every word was assigned to 2 annotators. Each annotator inputs
emotional intensity vector of a word. When, 2 annotators suggest respective intensity
vector for a single word then a conflict occurs which is then forwarded to a third annotator
for conflict resolution purpose(Figure . After resolving the conflict we find emotional
intensity vector of a word, such as e(”compunction”) is [ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,
0, 0, 0.1, 0.1, 0, 0, 0.1, 0.1, 0.1, 0.4, 0, 0, 0, 0.1]. Here total emotional intensity of
e(”compunction”) is 1. Each of the 25 secondary emotions are assigned value in the
range {0-1}.

In this phase, phrase and sentence level analysis follow the earlier syntax and word
level analysis. After, the completion of all these analysis, we will receive a sentence level
emotional vector for particular sentence of a paragraph. Next, the vector is passed to

the Interjection Processing module.

Interjection Processor

This module is used at the end of sentence level analysis, because interjection changes
the emotion intensity of a sentence. For example, "I really like this dish” is an easy
calculation but when it says, "Wow! I really like this dish.” the emotional intensity
should be different from the previous one. We have selected a list of interjection words
with emotional values after analyzing [55],[17],[20]. Table presents a partial list of
those interjection words. Each interjection word is annotated with emotion intensity
vector neutrally i.e. irrespect of its use in a sentence, e.g. e(wow) = [0, 0, 0, 0.3, 0.2,
0, 0.1, 0, 0.1, 0.1, 0.2, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]. We add the interjection
vector intensity with rest of the sentence vector intensity to find the intermediate vector
intesity e.g. e(wow)+e(I won the lottery). As a result, we get strong detailed emotion
vector.

Finally, we have an emotion intensity vector of 25 elements for one sentence of a
paragraph. From this intensity vector, we sum up the group of secondary emotions that
is part of a primary emotion (Table . So, the final intensity vector is reduced to
e = [Love, Joy, Surprise, Anger, Sadness, Fear| where Love=A ffection+Lust+Longing,
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Anger=Irritation+ Ezxasperation+Rage+Disqust+Envy+ Torment etc. From, these 6 pri-
mary emotions, we select the one which has highest vector sum as our final strong emotion

for a candidate sentence.

3.3 Summary

In this chapter, we have proposed a new eBook reading platform called HE-Book, which
can be annotated with diverse media (image, video, sound and haptics). The new e-book
platform is adaptable in all computing platforms such as desktop, laptop, tablet, mobile.
Annotation also includes multimedia quiz, which can help to track user’s learning process.
In order to annotate any existing ebook file format, we have introduced seperate XML
based annotation file. We also present semi-automatic annotation mechanism, which

helps in annotation authoring phase.
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Chapter 4
Implementation Detalils

This chapter describes the details about various implemented prototypes of HE-Book
that we have utilized for different user study. For the proof of concept, we have devel-
oped a desktop based HE-Book system, a mobile/tablet based HE-Book system, home

multimedia integration, PDF annotation tool and HE-Book quiz extension.

4.1 HE-Book Prototype Implementation

We present the implementation details of the haptic e-book prototype system in Sec-
tion [4.1.3] Before the implementation details we present the required system setup in
Section Our prototype implementation includes description about desktop based,

mobile/tablet based and home multimedia system integration of the HE-Book system.

4.1.1 System Setup

HE-Book system can be used in traditional desktop based system as well as in mo-
bile/tablet system. An user can also extend the system to work with existing home

multimedia devices.

Multimedia and Home Entertainment Settings

For our home multimedia prototype, we have used Samsung LCD 46” 1080p TV for
image and video display which is configured for HDMI settings. We also have a separate
stereo sound system for the audio streaming. Both TV and sound system are connected

with a mediator computer system. This mediator computer system is connected with
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the mobile/tablet system using Bluetooth. The mediator system is later connected to
the home multimedia devices using cable connection. We have used Samsung Omnia
IT mobile as our HE-Book reader client, which is connected using Bluetooth technology
with the mediator computer

Sl Mediator
Omniall Computer
(HE-Book) System

Jacket Sofa Television

Figure 4.1: HE-Book prototype setup

Haptics Settings

For haptic rendering we have used the following haptic devices installed or developed in

our multimedia laboratory.

e Haptic Jacket: Our haptic jacket (Figure [4.2]) consists of an array of vibrotactile
actuators that are placed in location based array pattern. Location means arm,
abdomen, shoulder, neck, chest etc. of a human body. Different portions of the
jacket and their patterned vibration can stimulate touch in the user’s skin. Vibro-
tactile actuators generate sound waves and create funnelling illusion when it comes
into physical contacts with skin. A series of small actuator motors are placed in a
2D plane in the jacket in a certain manner. In order to produce touch feeling, the
actuators are activated in a defined manner [7]. The jacket used in our prototype

adhering to the aforementioned properties is discussed in detail in this work [53].
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Figure 4.2: The Haptic jacket.

e Haptic Sofa: The D-BOX Motion Code System (Figure is a Motion simulator
system that adds the next level to the home theatre experience beyond traditional
audio and visual system. D-BOX offers several models of seating with all the
necessary motion equipment built-in. Add-on platforms can be attached to any
chair/sofa (SRP-230 and SRP-530). The SRP-230 universal platform has four
direct drive actuators that are aligned under the four corners of the sofa/chair.
The actuators are capable of producing higher acceleration and lifting up to 250
pounds each (1,000 pounds in total for the four respective actuators). A control
cable runs from the Motion Controller to the SRP-230 universal platform carrying
the digital information that was extracted from the available media annotations.
Motion controller can be of two types: PC-based model, standalone model. In our
case, HE-Book mobile device system communicates using Bluetooth to the PC-
based model and produces different moves using a robot event generator. We have
used JAVA based robot event generator for the prototype development purposes
to dynamically operate the system for lack of API to control D-BOX directly.

e Haptic Arm Band: Haptic arm band (Figure works similarly to the haptic
jacket system. It also has an array of vibrotactile actuators, which is a much
simpler version of the haptic jacket. It has a Bluetooth communication board that
takes command from Bluetooth sender device and vibrates targeted actuators in
selected patterns which in turn creates funnelling illusion when comes in contact

to human hands. In our case, the sender Bluetooth device is pre-installed in the
mobile HE-Book device.
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Figure 4.4: The Haptic arm band.

4.1.2 Computing Environment

HE-Book pc and mobile based prototypes are developed for JAVA environment. For the
desktop version, we have used J2SE and for the mobile version we have used J2ME. The
annotation authoring tool was also build in J2SE, where we have selected PDF type files

as our candidate annotation target.

J2SE and PDF

Java Platform, Standard Edition or Java SE is a widely used platform for programming

in the Java language. It is the Java Platform used to deploy portable applications for
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general use. In practical terms, Java SE consists of a virtual machine, which must be
used to run Java programs, together with a set of libraries (or ”packages”) needed to
allow the use of file systems, networks, graphical interfaces, and so on, from within those
programs [70]. Our prototypes were built using J2SE 6.0 version.

Portable Document Format (PDF) is an open standard for document exchange. This
file format, created by Adobe Systems in 1993, is used for representing documents in a
manner independent of application software, hardware, and operating systems.[2] Each
PDF file encapsulates a complete description of a fixed-layout flat document, including
the text, fonts, graphics, and other information needed to display it [71]. We have selected
PDF type of documents as our candidate annotation target. Our annotation authoring

tool can create XML based annotation file for PDF type of documents.

J2ME and Plain Text Reader

Java Platform, Micro Edition, or Java ME, is a Java platform designed for embedded
systems (mobile devices are one kind of such systems). Target devices range from in-
dustrial controls to mobile phones (especially feature phones) and set-top boxes. Java
ME was formerly known as Java 2 Platform, Micro Edition (J2ME) [69]. Our mobile
prototype was MIDP 2.0 type of application.

For the mobile version of our HE-Book system, we have used plain text file reader
and added our diverse media-quiz augmentation parsing facilities with it. As a result,
it can act upon touch based mobile system and provide appropriate multimedia quiz on

the target device.

4.1.3 System Implementation

Following section provides the details about the implemented annotation authoring tool,
desktop based HE-Book system, mobile/tablet based HE-Book system, home multimedia

integration method and quiz controller extension.

Desktop Based HE-Book System

In this section, we present the details of the implementation issues of our desktop based
prototype system. The implemented system components are shown in Figure [3.2] For
the prototype, we have developed desktop e-book readers by using Netbeans 6.5 IDE and
the primary language was JAVA. In order to develop the e-book reader, we locally built
the ICEPdf open source JAVA PDF viewer. We have used a Dell touch screen monitor
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for our system and added the touch based interaction part to the ICEPdf source. We also
have implemented XML retrieving and matching facilities to the ICEPdf for annotation
searching. For serial port based Bluetooth communication we have used GPL based
BlueCovd] library suitable for J2SE based Bluetooth communication. Our prototype
system communicates with a haptic jacket (Figure when any annotated e-book
part is touched by the user. A Bluetooth device was connected with the PCs USB port,
which was virtually configured with the COM port so that the Bluetooth device can send
signals to the haptic jacket. Our desktop based test prototype was adequately responsive
in a standard Pentium dual core 32-bit machine with 2 GB systems RAM. In order to
annotate an e-book, we have taken PDF as example and developed a PDF annotator
modifying the ICEPdf that we have used as a viewer also. For the text-to-speech support,
we have used FreeTTH] a speech synthesizer written entirely in the Java. By default,
this application uses the kevinl6 voice that comes with the lib/cmu_us_kal.jar file. One

can, however, change a voice by passing the name of a voice to the engine.

Mobile and Tablet Based HE-Book System

In order to develop the mobile version of the haptic e-book reader, we selected Samsung
[8000 Omnia II (Figure Windows mobile phone as the deployment device. We have
developed our mobile system in J2ME using Netbeans IDE. The SDK provided the basic
packages to retrieve and display images on the mobile screen. The touch APIs were
available both to determine the screen coordinate and mapping of the paragraph IDs
of the touched texts from an e-book XML file. We used RFCOMM based Bluetooth
Serial Port Profile communication with the end haptic devices. Our end Bluetooth
devices were haptic jacket and haptic armband. The command format was suitable
for sending/receiving Bluetooth signals to the haptic devices through Parani ESD200
Bluetooth kit. For text-to-speech version of the mobile system we have used java.speech
package under JSR 13 Java Speech API.

Home Multimedia Integration

For the home multimedia integration prototype, we have combined the above described
two systems in one system where desktop system acts as mediator server and the mobile

device as a client. When a reading event is initiated from the Samsung Omnia II mobile

IBlueCove, http://www.bluecove.org
2FreeTTS 1.2, http://freetts.sourceforge.net/docs/index.php
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excited  They couldn't t

about anything else

Figure 4.5: Hypermedia based e-book application deployed in a mobile device

device, a specific command is transmitted to the desktop server system using Bluetooth.
Intermediate desktop system receives the command and distributes various media to
the corresponding device (such as image-video to TV, audio to stereo, haptics to haptic
devices) in the home multimedia settings. For the home multimedia version, we had the
option to stream related pictures from the mobile device as well as from the desktop
system. In the case of mobile based streaming, picture data is received in the desktop
end and displayed on the Samsung LCD 46" 1080p TV, which is configured for HDMI
display. On the other hand, the desktop based streaming loads images from the hard
disk or from internet by mapping the identification provided by the mobile device and
display on the TV. Mobile device retrieves the image identification from the annotation
XML file that resides in the mobile device.

Quiz Controller

The quiz controller was implemented using J2ME for the user interface creation purpose.
When, one user selects a paragraph augmented with quiz sets, the quiz session starts
like a pop up and expects the user response through selection. Based on the appropriate
selection of the user, answer is matched with the stored XML information, and users
score is displayed in the mobile/tablet screen (Figure . XML matching is done on

the mobile device. Mobile system tracks the final score of the user-quiz session.

Annotation Authoring Tool

For the prototype, we have developed desktop based e-book annotation tool (Figure|3.13)
using Netbeans 6.5 IDE and the primary language was JAVA. For this purpose, we have
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locally built the ICEPdf E| open source JAVA PDF viewer. We have considered PDF as
example e-book. We have added tagging window in the system where we have considered
various tagging options. An annotation author can navigate between the PDF pages and
select any paragraph to annotate.

For every paragraph, a list of hypermedia keywords motivated by Noun Phrase de-
tection is provided to help the annotator. He/she can select the NP’s and search for
possible image/video/audio from online provider websites. Following these steps, an
annotator can create image, video annotation XML block for the annotation file. For
every paragraph, we also provide a list of emotions possible which guide the annotator
to create haptic blocks. Haptic scenes such as riding a horse/boat are undetectable and
needs the attention of the annotator for creating haptic block. Scenary detection and
suggestion can be a good future work. Our editor supports various list of haptic devices
and their customized annotation. Image and video are searched using web services in
the famous image, video web stores and are shown in a panel for author’s selection. For
each tagging, an XML block is created, which is further editable by the human operator
for various haptic attributes. Later, this XML file is stored to be further used by the
ICEPdf viewer while reading annotated e-book. If any local (not internet) media is used
as the annotation target, then it is also packaged with the XML file in a separate folder.

For the MCQ type quiz annotation, an author selects one paragraph and adds the
quiz details in the quiz creation panel. It includes the question and number of MCQ
options to be created. Every MCQ option, can be tagged with textual description and/or
multimedia information (Figure [4.6)).

e Image-Video Augmentation Recommendation Service We have used the open source
The Stanford Parser: A statistical parser for parsing our paragraphs and detecting
appropriate Noun Phrases, which are later used to search online Image and Video
databases such as Flickr, Google Image Search etc. Top 5-10 results from the search

results are suggested to the HE-Book annotation author.

o Emotion Recommendation Service We have implemented emotion recommendation
service using JAVA technology. In order to annotate part of the 539 nouns, 517
adjectives, 238 verbs and 15 adverbs of WordNet-Affect [61] we have created a
website which is usable in research network. Using this website (Figure , one
annotator annotates the emotion intensity vector to our candidate nouns, adjec-

tives, verbs and adverbs. We have invited 3 annotators for the annotatin purpose

30pen Source Java PDF, http://www.icepdf.org

63



s Annctation Editor

Pages
(Cn] 1 [l RIG

Cinderella

T One wpon & time thew war o bewstifil ol calied
Codemlia. e bied two ugly sep setems They wemw very
o ekin e ke ot o ll the hasd work e bad 1o e
PDE . b thefioom, 0 ol the disbes b7 A1 that et they doess wp i
[ e chothes wnel g 85 bote of purtes
E-Book e duy & spocial e s o2 Cindenlis bows
fiom the repal padios. The kings onky wa wes . traly
Tusccme prce wia o o have s g bl Thow gale
e mvied 10 comw Codenls kaew dhe woukis) be
| aliived 1 g s e il Bt e gl st s ot bty
wete exted They coutin't talk sboet aseything eloe.

hen, the dey of L ball e, Chey s wuck s Pt
Condenln huel 13 rush dhowt upetais and downstuins. She
fimd their b i sy wwwe s et St helped tham
Pt on Ehein axpenain new dves Al she o thea
s et e A scon w0 dhey bl goee, Cindennda st
dows by the fire s she pead “Oh 1 d0 wwh | conl go 19
the bali® The meat moment, stunding besade her ws &
Trvaly ol bady with » sdbwy wad 2 oor hasdd. Ciwcenlia,

Fetnred ¢ fiom e e v, e, V8 £nd
b ke Lvhaind the wademmg can.

So Cundemale feiched o polken, pumpln, s ey mce, &
whishened e, gi3 bmds. The fury godmetier touched
them with her waned and the pamplin becuse & blen
| oo, the mie Decune i ey borses, the il becune 3
coachinn with The morl somow mourtechs, sad the

jwls whde on bes fort was the paetinnt pa of s
s e wevn. Frrbes pud the firy gecsber vos

Chiz
Question

What was the color of Cindereda's HI?

How many Options? 4
1
T2  Red

Image c'hebock’ cinderela\images'red jog l Fird
A
(L. Removs |
2
Ted Hue

Image chebook \cndenslaimages'blue jpg rl":;l_
[ Remove. |
3
Ted  Black
image e back'cidersla\mages'tlack s | Find |

[ Renove |

Ted Prk

mage c\he book\cindarela\images'pink pg | And | |

JM"[R!M]

| -eGhuizList>
<Gz ki="1">
XML | Mm)\'ﬂhﬁ was the calor of Cinderelia’s bl 7/ Question>
i mmu1mmmmmmmpmmn
Generation o g A
Panel <Option id="3" o a.x.k inaqe flock g/
<Oiption id="4" description="Fink” Image= me—hnageprﬁpgb
</Options>
cAnswer=d</Anawer>

Figure 4.6: HE-Book quiz annotation editor

and every word was assigned to 2 annotators.

intensity vector of a word. When, 2 annotators suggest respective intensity vector
for a single word then a conflict occurs which is then forwarded to a third annota-
tor for conflict resolution purpose(Figure [4.8)). After resolving the conflict we find

emotional intensity vector of a word, such as e(compunction) is [ 0, 0, 0, 0, 0, 0, 0,

0,0,0,0,0,0,0.1,0.1,0,0, 0.1, 0.1, 0.1, 0.4, 0, 0, 0, 0.1].

In our system, the emotion recommendation system is hosted in a server which is
accessible using network and we send the request using web service to the emotion

analysis model from the HE-Book host and the server finally returns the recom-

mended emotion list for a selected paragraph.

4.2 Summary

HE-Book system as well as desktop based HE-Book annotation tool.
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In this chapter, we have described the details about several prototype implementations
of the proposed HE-Book system. We have implemented desktop, tablet/mobile based

We also imple-
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mented the semi-automatic annotation phase where our annotation editor can suggest
related noun phrase and emotions by analyzing the text content, which is further used
for multimedia annotation. We also implemented HE-Book system extensions such as

quiz augmentation and ubiquitous home entertainment setup.
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Chapter 5

Results and Discussions

In order to evaluate the performance and user acceptance of the he-book system, we
have conducted various qualitative (in Section and quantitative (in Section
measurements. We also conducted indirect objective based user study (in Section
to find the effect of multi-modal augmentation to e-book reading. While presenting the

results, we have provided necessary discussion about the results alongside.

5.1 Quantitative Measurements

The following sections describe the quantitative measurements carried out in the labo-
ratory in restricted environment. Observations and analysis of the results are also given
with the results. These results are acquired using the system setup described in earlier

chapter.

5.1.1 Haptic Rendering Delay

In order to calculate the total haptic rendering delay, we also have to consider the method
of personal communication network we are using. For our prototype system, we have
used Bluetooth to communicate from the mobile HE-Book device to the intermediate
computer device. We have used serial port profile based RFCOMM protoco]F_-] for the
communication. RFCOMM sends the user data (packages in frames) to the lower lay-
ers of Bluetooth stack via L2CAP (Logical Link Control & Adaptation Protocol)[40].
According to the study of [40], in ideal condition, if no Bluetooth packet is lost in the

thttp://en.wikipedia.org/wiki/Bluetooth_protocols
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communication, then delay is negligible, and this delay does not depend on the USB port
or the operating system. However, if Bluetooth communications are exposed to interfer-
ence of other Bluetooth, 802.15.4 (Zigbee), 802.11 (WiFi) interfaces or any other device
with proprietary short-range communications protocol working in the same ISM band, a
minimum Bluetooth communication delay can be assumed. Here, our HE-Book client is
a mobile application, and it is connected with a mediator computer through Bluetooth.
Our simulation event starts when we touch HE-Book paragraph and end when respective
three haptic devices are played. We have projected the time difference between these

two-time events.

Milliseconds

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Iterations

Haptic Jacket Rendermg Delay
=== Hzptic Arm Band Renderimg Delay
wwimm Hoptic Sofz Rendering Delay

Figure 5.1: Haptic rendering delay for different devices

From the above graph (Fig. [5.1), we conclude that, haptic arm band rendering shows
the least delay, followed by the haptic jacket, and finally the haptic sofa. The arm band
consists of fewer numbers of actuators and requires fewer numbers of haptic Media Unit
(MU) bytes hence the delay is low. Whereas for jacket, MU is relatively higher than
the arm band and the number of actuators is also high. As a result, it takes more time
than the arm band haptic rendering. In case of a haptic sofa, we observe a higher delay
as it has longer MU bytes and heavy vibration capable actuators. But on the average,
the overall delay is tolerable for this kind of haptic devices [50]. This observed delay is

important for meaningful media playback and their respective ordering.
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5.1.2 Multimedia Perception Error

Diverse media augmentation and reading activity introduces proper media ordering and
playback challenges in order to maintain satisfactory cognitive load on the user. So,
we need to find a comfortable media playback order and acceptable media skew. For
this purpose, we have conducted a subjective test, where a user experience same reading
event following different random media order. If a user reports a problem, while following
a reading activity augmented with the random media playback order, then we record
synchronization error. In Figure [5.2] we show the error rate as a function of the above
defined synchronization error. We have adopted the method of [58], where error rate is
defined as the ratio of the number of subjects who perceived the synchronization error
to the total number of subjects. Synchronization error denotes the skew among various
media. When the synchronization error is positive, a media is started after the 200
words/scene reading event started. When the synchronization error is negative, a media
is started earlier than the 200 words/scene reading event started. We have compiled 200
words based scene paragraph because according to Carver et al. [I4] college students
generally operate their comprehension reading process at rates around 200 words per
minute, and all of our test users fall into this age group. 10 college students participated
in the test, where each user volunteered around 30 minutes to observer different media
order. Finally, the result is plotted in the graph of Figure [5.2]

From Figure , we conclude that for a certain media playback ordering of {start
reading, text-to-speech, image rendering, haptic rendering} with positive synchronization
error 20ms to 260ms, the error rate is less than 20%. That is people hardly reported
synchronization error for such media distribution and play time difference. However, if
the order of the presented media changes such as text-to-speech, start reading, haptic
rendering, 1mage rendering or any other, except the 1st presented order, the error rate
starts to increase, that is people report more synchronization error. It is also an important
observation that, it is possible to omit one media from the 1st described order but still
continue with the low error rate. For example, if {start reading, text-to-speech, haptic
rendering} or {start reading, image rendering, haptic rendering} is followed where image
rendering and text-to-speech is omitted respectively, still synchronization error rate is
low. So, in our multimedia rendering manager we have handled the synchronization issue
according to the above mentioned media playback pattern in media skew range 20ms to
260ms using the Algorithm [1]

68



300 7

200 4

100

=100 200Waords/Scene Reading

Synchronization Error {ms)

=i | Mage Rendering

mfe=Taxtto Speech Convarsion

=300 4
Haptic Media Rendering

A0 7T T T T T T T T T T T T T T T T

Error Rate (%)

Figure 5.2: Error rates of various media versus synchronization error

5.2 Qualitative Measurements

Following sections describe the qualitative measurements carried out in the laboratory

in restricted environment to determine the usefulness of the proposed system.

5.2.1 Haptic Rendering Realization

After empirically defining the haptic sensations, we have devised usability experiments to
understand how the users perceive the defined haptic feedbacks. Moreover, we conducted
usability tests to evaluate the user’s quality of experience with our HE-Book system and
to justify the suitability of the proposed approach. The usability tests took place at
our laboratory in a controlled environment with 20 volunteers of different age groups,
sex and haptic experience. We have selected 2 groups of users, one group includes users
who experienced haptics while the other group includes those who did not. The users
were requested to use the desktop-based prototype and were given PDF documents to
read, which were previously annotated with haptic, audio and visual data. Their activity
were monitored throughout the experiment and noted for analysis. Afterwards, based
on their interaction experience, they were asked to rate various haptic feedbacks related

to visual experience in a Likert Scale. The ratings of the feedbacks were in the range of
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1-5 (the higher the rating, the greater is the satisfaction). In Figure we depict the

user perception result of the available haptic events based on the similar questions asked
in [33].

1. T felt myself "drawn in”

2. I enjoyed myself

3. My experience was intense

4. T had a sense of being in the book scenes

5. I responded emotionally

6. I felt that all my senses were stimulated at the same time

7. The system is easy to get familiar with

8. I would consider using this system.

From the empirical study, we observed that most of the users agreed about the haptic
effect combined with visual experience except for travelling aeroplane, and fear. Our ob-
servation is, proper representation of scenarios and emotions depends upon the capability

of the individual haptic device and there is always scope to enhace quality of experience.

Touch ===

Poke H———_—",:——*—;II@
%
Tickle | — -| ES
Holding hands 7.-—7
Sea storm 7&:@
Bouing. e [
Travelling Aeroplane _ﬁm Strongly Agree
Driving Car M 8 Agree
Bike Riding Q:-]]E B Neutral
Fear M M Disagree
Joy Q,—.]IIE Strongly Disagree
Love. e L TR

1
0 5 10 15 20 25

Figure 5.3: User response to various haptic feedback in Likert Scale
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5.2.2 Quiz Augmentation in E-Book

We have prepared some questionnaires for users other than the previous tests to collect
their opinion about augmenting quiz to the e-book platform. In this case, we have asked
them few questions ”Quiz Augmentation is a good idea”, ”Quiz will help to maintain
attention in reading activities”, "Quiz augmented E-Book will be especially helpful for
young students”, etc. and requested them to provide their rating in scale of 5. Most of

the users agreed that quiz augmentation in E-Book platform can be widely accepted by

the usual users (see Figure [5.4)).

Multimedia quiz augtnentation is
better than simple text quiz —)

Ilany different types of quiz can be
added

Ll

LY

It can beused to enhance children

vocahulary — Strongly Agree
Quiz augmented E-B ook wil be o
specially helpfil for young students BAgree
Quiz will help to mairntain attention in @ Neutral
reading activities .
MDisagree

Quiz Augmentation isa good idea

Strongly Disagree

0 5 10 15 20 25

Figure 5.4: User interest in e-book based multimedia quiz augmentation system

5.3 User Study

Indirect objective based performance analysis is the most commonly used method of
investigation in multimedia learning [I0]. We have adopted this technique to investigate
the comparative effect of each media on multimedia reading process. During the usability
experiments, we monitored the activities of the users and noted those for further analysis.
After completion of the experiment with a user, we have provided respective knowledge
acquisition scores and requested the user to rate three assertions in Likert Scale [35]. The
ratings of the assertions were in the range of 1-5 (the higher the rating, the greater is
the satisfaction). The assertions were A1) The modality used in the experiment instills
attention in the reading process, A2) The feedback modality improves the retention
process, and A3) The modality makes the learning process more entertaining. Outcome
measures of the learning task are objective because they measure performance. They are

indirect because they depend on processes of information storage and retrieval that may
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be affected by cognitive load. The typical design of research studies using this approach
compares two or more different variants of multimedia instruction of the similar material.
The amount of intrinsic loads induced by each of the variants is presumed equal because
the informational contents of these materials are somewhere identical. It is, therefore,
assumed that the more knowledge the learners acquire, the less extraneous load is induced

by the content.

) Text b) Text-Visual ©) Text-Audio-Visual @) Text-Visual-Haptic ¢) Text-Audio-Visual-Haptic

.

_

Attention.  Retention of Entertaimnent  Attention  Retentionof Fnteraimment Attention  Retentionof Entertamment — Attention  Retention of Entertaimment  Attention  Retention of Entertainment
Content Content Content Content Content

Number of Users

% strongly Agree |lagree | [Neutral [l Disagree \Nstrongly Disagree

Figure 5.5: Usability study of the HE-Book system. a) Likert scale presentation of the
attention, rentetion of content and entertainment metrics in a traditional text reading
experience, b) The same study with text-visual rendering added in the reading process,
¢) Incorporating audio-visual simultaneously to determine the changes in reading process
d) Visual-haptic feedbacks added in the reading process, e) Combining the hapto-audio-

visual feedbacks in the paragraph reading experience to report the user scores.

To assess the influence of various levels of augmentation on the user, we selected fairy
tales (Cinderella, Beauty and the Beast, The Frog Prince, The Golden Goose) as our
candidate annotation material. The fairy tale is packed with adventure, fun, love, etc.
in few paragraphs, it is also easier for a user to complete it in a small amount of time.
For each of the fairy tales, we have compiled a new version introducing fine details inside
the story. For example, we have added the color of Cinderellas dress, color of her hill,
her hair color, details about the ball room, details about how prince look like, etc. These
details are used to test users retention of the content.

To understand user’s learning behavior, we have set up five test scenarios for each user.
The tests were taken place at the university laboratory in a controlled environment where

25 (17 male, 8 female) volunteers participated. They were from 12-18 age group, and
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little to no haptic experience. In each case, the participating user was given a fairy tale
consisting of five paragraphs to read and at the end to answer two MCQ questions from
each paragraph totals to ten. The interaction modalities in each test-bed were targeted
to determine the Attention, Retention and Entertainment metrics of a user during his
reading activity. The cumulative findings from each test case are depicted in Figure
.5 In the first test A, users were asked to read a paragraph only consisting of textual
information. In the second test B, in addition to textual information, we annotated visual
data to another paragraph so that while reading certain section of the paragraph, the
user can see related scenes. Next in C, another paragraph was read out loud by using the
TTS and corresponding visual scenes were rendered to the screen. In the experimental
setup of D, a new paragraph was annotated with haptic feedbacks and augmented image
was rendered on the screen that explained the learning material. In the final setup E, one
paragraph was annotated with haptic, audio and augmented image material. Paragraph
wise media annotation set is not sequential rather randomly distributed. Also, each user
is randomly given choice to choose among the list of fairy tales. We have designed these
test scenarios to differentiate the effect of one media from other where {text, text-visual},
{text-visual,text-audio-visual }, {text-visual, text-visual-haptic}, {text-audio-visual, text-
visual-haptic}, {text-visual-haptic, text-audio-visual-haptic} are possible sets for effect
comparison. After completion of the tests with one user we handed him his knowledge
score from MCQ questions.

In our experiments, we found that the well known cone-of-learning is a true effect
in the e-book reading process. In our tests, we have considered Strongly Agree, Agree
as positive score and Disagree, Strongly Disagree as negative score. Overall positive
score of text-based learning was 27% in our experiments, which is improved to 47%
when any visual media is augmented with the text content. We find that the effect of
audio augmentation to any media mostly increased the score overall by 6%, whereas
addition of haptic media increased the overall score by 13%. Possible reason for a high
score while receiving haptic feedback could be due to the excitement that the users
felt in receiving haptic feedbacks that relate with the learning materials. As visual
feedbacks by itself improves memorization, hence the comparison with text-visual and
text-visual-haptic shows that haptic also has an effect to retention. For the combination
of text-audio-visual-haptic media with previously mentioned media order, overall score
reached maximum 67% which is mostly 15% more than text-visual or text-audio-visual
based media augmentation. Hence we find that, HE-Book system upholds the cone-

of-learning phenomena and text-audio-visual-haptic media annotation ensures maximum
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benefit from e-book annotation system.

5.4 Limitations of the HE-Book System

Current reading event granularity level is limited to paragraph level that is; multimedia-
haptic augmentation playbacks work at the paragraph level not in fine detail sentence
level. Also, our current reading event generation procedure is dependent on human finger
touch interaction or automated machine reading settings. Both are not purely intuitive
interaction method to existing e-book platforms. This interaction can be upgraded by
more intuitive eye gaze based interaction or gesture based interaction which we consider
as future works. For the semi-automatic annotation procedure, we need to conduct a
large-scale performance evaluation of the affection detection model. In addition, user
study needs to be performed in real-life environment other than laboratory only. This
will help to find the true cognitive loads on the normal user. In our system setup, we
have made calculations based on mediator computer, but we need to do standalone tablet

to surrounding device communication as well.

5.5 Summary

In this chapter, we have described and discussed the evaluation results we have recorded
while testing our prototype systems vy volunteers of different age, sex and multimedia-
haptic experience. We have presented several quantitative and qualitative measurements
on the prototype systems. Our measurements show that, HE-Book system can be a
good addition to existing eBook reading experience and there is a positive tendency of
accepting such a system. As our experiments are conducted at laboratory setup with a
limited number of users, we target to conduct real life large-scale tests in future to find

the actual effect of our proposed system on eBook reading experience.
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Chapter 6

Conclusion and Future work

6.1 Conclusion

Human computer interaction research has gained a pace with the advent of haptic devices.
Our research goal was to explore the possibilities and opportunities this modality could
bring to our traditional eBook reading experience. In this regard, we have conducted
existing literature review and found that multimedia-haptics augmented eBook platform
can be a strong addition with current augmented reality based books as eBooks are
replacing real books in many cases.

In this research, we have introduced an intuitive e-book reader, which is capable of
providing hapto-audio-visual interaction to user’s eBook reading experience. We have
presented a generic architecture for diverse media augmented e-book reading system as
well as described the detail component architecture, including sequence of interactions.
Though we have described the system targeting text, audio, video, haptic, but it can be
extended to other media such as smell. Our generic architecture is capable of adapting
new extensions such as multimedia quiz and ubiquitous home entertainment setup as
well. Our proposed system can meaningfully synchronize various media to corresponding
devices to form a better orchestra of learning and entertainment. For this purpose, we
have devised an algorithm which can order the different media playback maintaining user
comfort.

For the annotation purpose, we have developed open source based PDF authoring
tool. We also developed several prototypes of the proposed system extending open source
PDF reader and have evaluated the performance, acceptance of the complete system

using various measurement parameters. We have made five controlled usability tests to
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determine reader’s experience to multimodal reading activity in the domain of attention,
retention and entertainment. Various analyses of the results show that, our system can
help the reader to immerse into the reading scenario which in turn influences positive

improvement over traditional e-book reading.

6.2 Future Work

In order to test the performance of the system and to collect various user interactions
related data, we have established controlled setup in a laboratory environment. But,
to make concluding remarks about the educational development of the users, it requires
large scale real world tests for a significant amount of time. In future, we plan to conduct
more real world experiments with our HE-Book platform. As we have adopted XML
based annotation methodology and most widely used eBook format is FPUB, hence we
want to contribute in the EPUB Media Overlay upgrading to support video, 3D, haptic
etc.In future research, we can add other modalities such as smell and experiment with
the user response.

As our existing system supports annotation granularity up to eBook paragraphs
rather than the detail sentence level, it can be extended to eye gaze based intuitive
interaction, which will enable it with detailed annotation as well as hands free commu-
nication. Our semi-automatic annotation procedure can also be upgraded to support
greater level of precision. For this purpose, we can adopt the statistical analysis instead
of rule based analysis. To measure the performance of the algorithm, we need to annotate
more WordNet-Affect words, as well as, we have to conduct large scale data analysis.

It is also possible to extend the system to multiple peer-to-peer HE-Book commu-
nication, where a group of, HE-Book readers can participate and collaborate in eBook
reading session. A potential example of such application can be, grandparents reading
out eBooks from remote locations to the grand children. We also can add additional
highlighting or bookmarking features to the eBook system.

We hope that, this research will attract attention of other researchers to explore the
opportunities of augmenting diverse media with e-book materials as well as incorporating

ubiquitous system support with them.
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Appendix A

Modified Cinderella Fairy Tale

Once upon a time there was a beautiful girl called Cinderella. She had two ugly step
sisters. They were very unkind and made her do all the hard work. She had to sweep
the floors, do all the dishes etc. At many time, they dress up in fancy clothes and go
to lots of parties. One day a special invitation arrived at Cinderella’s house from the
royal palace which is 50 miles away. The king’s only son was a truly handsome prince
was going to have a grand ball. Three girls were invited to come. Cinderella knew she
wouldn’t be allowed to go to the ball. But the ugly sisters, ho ho ho, they were excited.
They couldn’t talk about anything else. When the day of the ball came, they made such
a fuss. Poor Cinderella had to rush about upstairs and downstairs. She fixed their hair
in fancy waves and curls. She helped them put on their expensive new white and pink
dresses. And she arranged their golden jewels just so.

As soon as they had gone, Cinderella sat down by the black fire and she said. ”Oh I
do wish I could go to the ball”. The next moment, standing beside her was a lovely old
lady with a gold wand in here hand. ”Cinderella, she said "I am your fairy godmother
and you shall go to the ball. But first you must go into the garden and pick a red
pumpkin, then bring me six mice from the mousetraps, a whiskered rat from the rat trap,
and six lizards. You'll find the lizards behind the watering can. So Cinderella fetched
a golden pumpkin, six grey mice, a whiskered rate, stx lizards. The fairy godmother
touched them with her wand and the pumpkin became a golden coach, the mice became
six grey horses, the rat became a coachman with the most enormous moustache, and
the lizards became six footmen dressed in green and yellow, then the fairy godmother
touched Cinderella with the wand and her old dress became a white dress sparkling with

jewels while on her feet was the prettiest pair of golden slippers ever seen.
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Remember said the fairy godmother you must leave the ball before the clock strikes
two because at midnight the magic ends. " Thank you fairy godmother” said Cinderella
and she climbed into the coach. The coach travelled the distance in 17 minutes. When
Cinderella arrived at the ball she looked so beautiful that everyone wondered who she
was! Even the ugly sisters. The Prince of course asked here to dance with him and
they danced all evening. He would not dance with anyone else. Now Cinderella was
enjoying the ball so much that she forgot her fairy godmothers warning until it was
almost midnight and the clock began to strike.

One. Two. Three. She hurried out of the ballroom. Four. Five. Six. As she ran
down the palace steps one of her glass slippers fell off on 3rd stair. Seven. Eight. Nine.
She ran on toward the golden coach. Ten Eleven Twelve. Then there was Cinderella in
her old dress. The golden pumpkin lay in her feet. And scampering down off down the
road were six grey mice, a whiskered rat and six green lizards. So Cinderella had to run
home and by the time the ugly sisters returned home was sitting quietly by the white
fire. Now when Cinderella ran from the palace, the prince tried to follow her and he
found the glass slipper. He said, "I shall marry the beautiful girl whose foot fits this
slipper and only her. In the morning the prince went from house to house with the glass
slipper and every young lady tried to squeeze her foot into it. But it didn’t’ fit any of
them.

At last the prince came to Cinderella’s house on horse. First one ugly sister tried to
squash her foot into the size 6 slipper. But her foot was too wide and fat. Then the
other ugly sister tried but her foot was too long and thin. Please said Cinderella, let me
try. ”The slipper won’t fit you”, said the ugly sisters. ”You didn’t go to the ball!” But
Cinderella slipped her foot into the glass slipper and it fit perfectly. The next moment
standing beside her was the fairy godmother. She touched Cinderella with the wand and
there she was in a golden dress sparkling with jewels and on her feet was the prettiest
pair of glass slippers ever seen. The ugly sisters were so surprised that, for once they
couldn’t think of anything to say. But the black coated Prince knew what to say. He
asked Cinderella to marry him. And then there was a happy wedding. Everyone who
had gone to the ball was invited, even the ugly sisters. There was wonderful food, lots
of music and dancing. And the Prince of course danced every dance with Cinderella. He

would not dance with anyone else
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