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Design of HTMLS based Interactive E-book Reader with Multiple Viewers

Jong-myung Choi,, Young-ho Lee”
ABSTRACT

E-book market has grown rapidly for several years, and its readers have advanced to support user interaction, multimedia,
script, and other interesting features. In this paper, we introduce some design issues for an integrated e-book reader which
consists of three different viewers (interactive e-book viewer, 3D model viewer, and augmented reality viewer), and supports
HTML, user interaction, and multimedia. In the system, the e-book viewer is essential, and it is based on WebKit, so that

it allows HTML-based contents to be published as e-books with little efforts. We also show a prototype system and its
evaluation compared to other existing readers.
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| . Introduction

E-book, “a digital object with textual and/or other
content” [4], has been very popular since a couple of
years, and its sale already has surpassed the sale of
the traditional paper books [5]. Researchers in
psychology and sociology have done various
researches on users’ experience of e-book reading.
in Information and Communication
Technology (ICT) field, they have not paid much

attention to e-book reader systems, except some

However,

researches on augmented reality e-book readers.
Nowadays commercial e-book readers including
Apple’s iBooks [15] support text with images and
video clips, user interactions, and useful features
such as search and navigation. Some Apps
(applications running on smart devices such as iPad)
are dedicated to deliver book content (so, they are
called "AppBook"), and they support rich user
interaction. Even though the e-books and AppBooks
allow users to read e-books, they also have room to
be improved. Those AppBooks require much effort
and time because they are developed as native Apps.
Furthermore, the existing e-book readers and
AppBooks do not provide various aspects or views
for an object in the e-book. For example, when a user
reads a book about “sea life”, he/she wants to see a
crab in detail, so that he/she wants to see it in 3D and
rotate it. Or the reader may want to play with the
crab in the real world with augmented reality for fun.

In this paper, we extend our previous work [2,3]
and introduce design issues of an e-book reader
which supports HTMLS5 for its format, and has three
different types of viewers: interactive e-book viewer,

3D model viewer, and augmented reality viewer. The

interactive viewer is based on WebKit [14]
HTML5, CSS, and

JavaScript, so that it allows authors to write e-books

component and support
in HTML with ease. Furthermore, we propose how
to decouple the system independent parts (e-book
content and user interaction) and system dependent
parts (access to sensors and manipulation of system)
by utilizing web capabilities supported by WebKit.
We also introduce our system design in class level,
JavaScript modules, and user interfaces in HTML.
Those design details will help other developers to
build their own e-book readers that support user
interaction, various views, and other features with
HTMLS5 format.

The rest of this paper consists of six sections. In
section 2, we survey the related work, analyze them,
and mention the similarity between them and our work
and our work’s originality. After then, we will briefly
describe the system requirements and propose our
MVC architecture for our e-book reader in Section 3. In
Section 4, we will argue our detailed design including
classes, JavaScript modules, and user interfaces. Our
prototype e-book has been implemented and tested,
and we will discuss the result in Section 5. Finally, in

Section 6, we reveal our conclusions.

I1. Related Work

We can classify the existing researches that are
related to our work into two groups according to the
purpose and scope: general purpose e-book readers
and special purpose e-book readers. There have been
only few researches on general purpose e-book

readers, but there are a lot of commercial readers
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including Apple’s iBooks and Amazon’s Kindle.
Most of those readers support ePub format[17],
multimedia, and limited user interaction. Some of
them have dedicated terminal devices such as Kindle
and Nook, and others run as software on smart
devices, and others run on the web.

There have been more researches on special
purpose e-book readers. Gaurang Kanvinde’s e-book
reader [6] for dyslexics helps people by providing
text-to-speech and adaptive text layout, but it does not
support multimedia or user interaction. Similarly,
Velazquez R. [7]'s e-book system translates text into
Braille for the blind. K Bazargan [8] proposed a TEX
based e-book reader which is good at text reformatting
of complex mathematics. The final representation
format is PDF. Rahman [9] introduced haptic enabled
e-book reader and argued that the e-book reader
helped people to enhance understanding in e-book
reading. Those special purpose e-book readers have
been developed to solve specific problems, but their
facilities were very limited.

On the other hand, AppBooks are dedicated smart
device applications to e-book content, and they support
multimedia, animation, and rich user interaction.
However, AppBooks are hard to develop because they
are created as applications. Some frameworks [16]
support converting e-book in HTML5 into AppBook,
and those tools reduce efforts and time to write
e-books, but those do not support user interaction.

Compared to the existing works, our e-book
reader has some commons and some uniqueness.
Our reader is a general purpose reader, and supports
text, multimedia, user interaction, and script. Those
features are similar to the commercial readers. Our

work has originality in some features. First, we

propose an integrated system with multiple views.
Second, we adopt HTML5 for e-book content and
WebKit for the basic e-book viewer.

ll. Requirements and System Architecture

As mentioned in our previous work [2, 3], our
e-book reader has nine functional requirements: user
registration, purchase of e-books, reading e-book,
e-book,

manipulation of 3D objects, watching videos,

listening interaction ~ with  objects,
viewing AR, and saving bookmarks. It also has five
non-functional requirements: 1) implementation
easiness, 2) availability of e-book authors, 3)
extensibility, 4) portability, and 5) smooth user
interaction. In order to meet quality requirement 1, 2,
and 4, we determined to use HIML5 because it
guarantees easy implementation, portability, and a
lot of potential authors who know HTML. We also
determined to adopt Model-View-Controller (MVC)
architecture for the requirement 3. In the MVC
architecture, multiple viewers share e-book content
(i.e. model). < Fig. 1> shows our MVC architecture.

Controller
(Js
Framework)

reader

Model
(e-book)

3% 1. E-book MVC #+=
Fig. 1. E-book MVC Architecture
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In the controller part, people interact with e-book
reader and it consists of JavaScript framework, which
makes the system respond to people’s events such as
touch and drag. The model part keep the data of
e-book, and it consists of HIML5 documents,
Cascading Style Sheet (CSS), images, video clips, 3D
modeling data, and augmented reality data. The
viewers show multiple aspects of the e-book content
including interactive e-book view, 3D model view,
and an augmented reality view. The controller part
has a connection to the server that keeps bookmark,
highlight marks, annotations, and other information
for each user. The server part can save and manage
user information and their bookmark information.

By adoption of MVC, we can get extensibility and
maintainability. We can add more viewers according
to specific requirements or purpose. We can also
modify or replace viewers with minimum amount of

effort of modifying other components.

IV. Detailed Design

4.1 Class-level System Design

From the functional requirements, we elicit the
candidates of system classes. After designing
process, we determine the system classes. <Fig. 2> is
the class diagram for our e-book reader, and it shows

the system classes and their relationship.

) Network
E-reader = Facade
]
[ I ]
BasicViewer 3DViewer ARViewer
Web L . Mark
M 3DEngine Recognizer
SensorEve _
ntHandler 3DInteracti Camera
e — on Viewer
Bookmark
Handler ARInteracti
|_[ Annotation on
Handler

azl 2. ZaiA clolo] 1y
Fig. 2. Class Diagram

Its main roles include:

® BasicViewer : It renders HTMLS content and
play multimedia contents such as videos and
audios.

m 3DViewer : It renders 3D models, and allows
users to manipulate, for example magnify and
rotate, the models.

= ARViewer : It allows users to see virtual objects
in the real world.

® NetworkFacade : It takes care of all basic

functions that are related with network.

4.2 JavaScript Framework Design

The e-book viewer makes use of WebKit
component and it allows HTML and JavaScript to
work in the viewer. However, some features such as
using sensors and controlling back light brightness
are not possible to be accessed from HTML and
JavaScript. Therefore, we divide the features into two
groups: features accessed by JavaScript and the
others. <Fig. 3> shows the separation of HTML Layer
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and Native App Layer.
HTMLS + JS HTML Rendering
+ CSS Supporting Multimedia
- User Event (click, touch, ..)
WebKit Content Manipulation
Js User Input Manipulation
Js Accessing Sensors
: Backlight Manipulation
Ar_\drmd Networking
Native App Local Data Processing

Switching Viewers

a2 3. HTML2[o]ofet HlolElE Y 2]
Fig. 3. Separation of HTML Layer and Native App Layer

HTML Layer does HTML related tasks: HTML
parsing and rendering, application of CSS,
processing user events (click, touch, drag, ..), and
e-book content manipulation (search). Native App
Layer does device related tasks: accessing sensors,
manipulating back light brightness, local data
processing, execution of external processes, and
others.

Javascript Framework is the core part in the
Controller. It interacts with users, and handles user’s
events and other interesting functions for users. Its
main roles include:

® Event Handling : This JavaScript framework

processes user’s interaction events (touch, click,

drag, etc) and sensor events (tilt, orientation,
camera, GPS, etc).

® Rendering : Rendering takes care of page layout

and styles using CSS. It also allows users to

change font, and background color (or image).

® Animation : Animation is an important feature

to attract users’ interests (especially children’s).

It allows images to move along to given path

and change the image size, do other animation

techniques.

® Dynamic Page Layout : When the font size is
changed, the amount of content shown in a page
is also changed. Therefore, when the font size is
changed, the total number of pages and the
amount of content per page are recalculated,
and the page should be re-layouted. This
module includes Dynamic Page Layout and
Page Calculation.

® Bookmark : Users want to mark the page that
they have read, and restart from that page later.
To keep in mind the page, users want to use the
bookmark.

® Navigation : It includes navigation within an
e-book. Each page has a link to TOC (table of
content), and it may have other internal link to
other pages within the book.

m Keyword Search : It allows users to search
keyword within an e-book. It may have links to
the pages that have the keyword.

® Annotation : Users can take a note on the

e-book, when they meet interesting phrases or

words. This annotation module allows users to

write and read comments on the book.

4.3 User Interface Design

4.3.1 Usage Scenario

In the design phase, we developed usage scenarios
and basic user interfaces after analyzing the existing
e-book readers including Kindle. The usage scenario
and user interface was sketched on the paper. The
main purposes of the design were 1) to make the

usage scenarios and basic user interfaces concrete, 2)
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to get some fresh ideas on using e-book reader, and
3) to share common concept among stakeholders on

the system.

O 4. AR AlLZIR
Fig. 4. Usage Scenario

4.3.2 HTML Design

The existing HTML design was about the web
page presentation, i.e. how it looked like on the
display. However, the page presentation is not so
important to e-book, and furthermore it is not
possible to design each page presentation of e-book
with hundreds or thousands pages. From the system
designers” or developers’ views, the important thing
is about what components are commonly necessary
in the e-book. The components are selected from the
functional requirements and presented in the <Fig.
5> We call this component diagram as "semantic
component diagram', because we focus on the

functions not on the presentation.

Ebook JavaScript
CS8 =1 WML [©| Framework
¢
| | |
Toolbar Body Footer
Ebook T_ Page
Smmh' | Viewer Progress
o
Al Search
Navigation 1 input
Search
Annotation 1 Wind
[ Annotation
Input
Annotation
—  Window

a8 5 HTML ZH=ZHE clojojay
Fig. 5. HTML Components Diagram

V. Prototype System Testing and Its
Evaluation

5.1 Prototype System Implementation and
Testing

Our e-book system is under construction, but its
prototype has been implemented and tested. Our
target platform is 10.1” Android tablet device
(especially, Samsung’s Galaxy Note 10.1). We have
adopted WebKit for e-book viewer, JPCT engine [13]
for 3D model viewer, and Vuforia SDK [12] libraries
for augmented reality. The target users are children
aged from five to ten, because they have strong
interests in interaction in reading. The e-book content
is written in HTMLS5, and it has some images, video
clips, 3D model data, and augmented reality data.
<Fig. 6> shows two viewers, basic viewer (a) and 3D

viewer (b). While reading an e-book, users can view

- 58 -



o #E& AYske HIMLS 7|9 E-book ZH AA

3D model by touching specific objects which are
marked by “3D” icon.

(a) E-book Viewer
a2 6. E-book 2| ZZEELY
Fig. 6. E-book Reader Prototype

(b) 3D Viewer

5.2 System Evaluation and Future Work

During the testing of our prototype system, we are
convinced the usability and usefulness of e-book
reader with multiple viewers and their cooperation
for providing various aspects to users. Those features
will help users to understand e-book contents, to pay
attentions to reading, and to have fun while reading.
Our e-book reader has some user helping features

compared to the existing research work or the

commercial e-book readers. <Table 1> shows the
comparison of e-book readers. Our e-book reader has
interesting technical features and advantages for
marketing.

In this paper, we introduced design issues for
e-book reader and its prototype system. However,
we did not mention detailed information about its
implementation or field test result, yet. Therefore, in
the future, we will implement full version of our
e-book, conduct field test with it, and find its benefit,
drawbacks, and users’ opinions about the e-book

reading and interaction with it.

VI. Conclusions

As e-book market has been growing rapidly
recently, the interests in e-book readers have
increased. In the academia, various researches have
been studied including e-book readers system with
new technology, and users” experience of e-book. In

this paper, we introduced a new e-book reader which

F 1. E-book 2/ H|u
Table 1. Comparison of E-book Readers

iBook AppBook DigiLog Our Work

E-book format ePub3 Native Code Native Code HTML5
User interaction Yes Partial Yes
Sensor interaction No Partial (Camera) Yes
3D model No Possible No Yes
Augmented reality No Possible Yes Yes
Efforts to write Easy Hard Easy
Efforts to modify Easy Hard Easy
No. of writers Limited Very limited Very limited Many
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has three viewers: a basic e-book viewer with user
interaction, a 3D model viewer, and an augmented
reality viewer. We also proposed an MVC
architecture, detailed design in class level, JavaScript
modules, and its user interfaces for the e-book
reader. In the architecture level, e-book content, three
viewers, and JavaScript modules correspond Model,
View, and Controller respectively. JavaScript
modules take care of user interaction, and other
manipulation logic.

In this paper, we introduced three contributions.
First, we demonstrated how to apply MVC
architecture to e-book reader system, and how
multiple viewers can be helpful to users. Second, we
proposed a Webkit based e-book reader, which
allowed HTML documents to be displayed with
minimum amount of efforts. Third, we proposed
new concepts such as '"semantic component
diagram". The diagram can be applied to other
HTML based application or interpreter systems. In
the future, we will continue the development and

conduct field test to children.
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