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ABSTRACT

Current Web3D no longer only contains simple objects or sceneries with low complexity. Even without the
addition of certain application features, the content of a Web3D site can be so complex that its development
can take a long time. Development time can be reduced by using contents or complete world from other
sites, so users can directly display views that integrate various content according to the distributed world
principle in Web3D. However, this principle cannot be applied to contents with different document formats,
as general browsers can only display one format at a time. The proposed solution is a framework which
contribute to the distributed world principle by adding the ability to combine two or more format in a single
world. This Framework allows users to combine contents from multiple source sites and formats at once.
To overcome the major weakness from the browsers, all document format originating from the source
worlds need to be uniform. A series of resource preparation followed by conversion process have been
developed so that all content has the same format. Prior to conversion, resources from source worlds were
managed locally. The process model of the framework has been implemented and able to demonstrate the
capabilities needed to convert two or more worlds with different formats to be displayed in one browser
window, thus users can interact with the combined worlds as if they were navigating in a single large world.
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1. INTRODUCTION features that make the world a complex web-based
interactive application, such as applications for
training of automatic weather stations [11].

To shorten development time, basically
web developers can adapt the concept of modularity
by utilizing components that have previously been
built [12]. However, in Web3D this is done by
using world components in the form of 3D models
refered directly from a different source on the
internet, or even using the complete world from one
or more other Web3D sites to be displayed together
like a single world. Thus, users can form a world
that literally consists of several worlds and
displayed together in one browser view, utilizing
the distributed world principle [13]. With this way,
users do not have to build their own complete world
as a whole, but they can use multiple worlds as well
as existing ones to compose a larger and more
complex world, as illustrated in Figure 1. This
concept actually allows users to seamlessly explore
a single, very large world which is a combination of
multiple separate worlds from different sources. If
users can navigate between world uninterrupted,

Creating a 3D model takes a long time and
require high costs [1], especially if the 3D model
has high detail [2] to be used to build a large-scale
world and have a complex appearance. Although
the development can be accelerated with tools such
as using 3D modeling software [3], it will still take
a long time because of the high level of difficulties
in creating complex 3D models and their properties
for a world [4]. There are several specific authoring
tools for Web3D, such as tools for VRML format
[5] or for X3D format [6], Web3D application as a
3D authoring tool for mobile systems [7]. Vendors
also provide commercial authoring tools, including
RapidAuthor [8] and BS SDK [9]. However, special
authoring tools does not make the job easier,
because mastering these tools also requires lots of
time and efforts. Following the creation of 3D
models, more time is needed to add specific
features into the models if the needed product were
not just a 3D graphical display and its interactions,
e.g. using animation on objects rendered on the
client side [10] all the way to a combination of
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then they do not need to move from a site to other
sites when they want to explore multiple worlds in
their browser.

Web3D site “A” Web3D site “B”
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Figure 1: Combining Worlds for A Larger Single World

This is not a problem when all the world
displays its objects with the same document format.
In reality, various developers build their respective
worlds using different document formats. There are
various Web3D document formats that continue to
grow due to the increasing support of computer
hardwares and browsers which made 3D graphics
have an increasing role in the web environment
[14]. Application of various document formats for
similar purposes can be seen in several applications.
For example, virtual campus can be built in VRML
format [15], or in X3D format [16], or in WebGL
format [17]. But none of [15], [16], or [17] was
discussing about the probability of integrating the
similar worlds in the browser.

The Web3D Consortium has set the
standard document formats namely VRML and
X3D [18], and each format has obtained a standard
number namely ISO/IEC 14772-2: 2004 for VRML
[19] and ISO/IEC 19775-1: 2013 for X3D [20].
However, not all developers have the willingness to
use them for various reasons. This raises difficulties
for users who want to get a visual display which is a
combination of several resources at once to be
displayed into a world. They are forced to build
their own objects for the needed world, or if the
objects already exist then they will take them from
various sources and converts the components
needed or even all objects in the world to the
required format. After doing the format conversion,
the components then manually combined one by
one with other components in a long process.

A mechanism is needed to manage content
obtained from one or more source sites, convert the
obtained objects, make modifications as needed,

make adjustments between content, then compile it
into a complete final world before it is displayed in
the browser. This final world will only have a
single format so that it can be displayed in any
browser as long as the browser has support for the
particular format.

This paper presents the first two elements
of a framework that can merge two or more worlds
from different source sites and in different formats
according to those supported by the system, then
the results are displayed in the user's browser so
that users can explore the combined worlds as if
they explore a single world. The implementation
prototype shows that the framework has succeeded
in achieving its objectives so that a combination of
certain worlds in the X3D, VRML, and X3DOM
formats can be displayed simultaneously in a
compatible browser.

2. RELATED WORKS

A complex and large world has many
constituent elements, formed in a hierarchical
structure [21]. In addition to 3D objects, a world
can contain images or graphics, as well as other
elements including multimedia. In a world, these
elements are made in the form of files that make it
easy to create, use, or modify them individually. In
accordance with the format used, the file is a
document with content that has been formed
according to the format. This file is then used by
the main world to build the entire world that will be
shown in the browser. The browser reads according
to the format used and translates into 3D objects
which are then rendered on the screen.

When the browser reads a world
component files, the browser only reads according
to the format that is currently active. If a file with a
format that does not match the active format were
found, the file with different formats will cause
errors when processed. Thus, the world can only be
composed of one document format, so it is not
possible to display more than one document format
to describe 3D objects in one browser view without
a certain mechanism. Mixing a different format into
a particular format file is also not possible, because
it will cause errors with the result that the world
will not be able to be displayed at all.

Several studies to manipulate contents in
the world have been carried out, including creating
JavaScript-based  libraries in HTMLS to
progressively renders 3D objects in browsers [22],
progressive rendering using WebGL [23], and
research to make a combination of 2D and 3D
contents to be displayed in 2D or 3D display mode
[24]. Other than that, there were also studies that
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aim to facilitate users with any device to view 3D
content via the internet, since the rendering loads
were placed on the server and the display were sent
as image streams via a Java-based client [25].
However, combining more than one world from
different sources and formats has never been done
before since each format has its own scenery
arrangements to create the world, and they are not
compatible to each other. Incompatibilities can be
seen even on those which originated from the same
source, as seen on VRML and X3D which were
created by Web3D Consortium. Although X3D
documents can be written in classic VRML styles
[26], these documents are still X3D documents that
can not be displayed in VRML browsers.

There were studies to show that more than
one 3D graphic format can be displayed in an
application specifically made for that purpose [27].
The solution given in the said study was to wrap
different 3D document formats into one known
format. In subsequent studies, different formats
were then packed into a data container called 3DFC
before being sent to the rendering section [28]. The
solution built was not specifically for Web3D
documents even though it can accept X3D files, and
the results were not intended to be directly used in
web browsers that were currently widely used. The
system processes individual objects, so the solution
was not intended for a scenery that includes a
collection of objects that form a world. The overall
application also requires the availability of special
libraries that were in accordance with the document
format so that it can work to wrap and adapt a
particular document format.

Web users generally use browsers to surf
the web, so the solution resulting from a
combination of documents will be better if it can be
displayed in a browser. However, creating a new
browser that has the ability to read various types of
formats can not be done in a relatively short time.
When using the current browser, only one Web3D
format that can be displayed at a time. This applies
to specific Web3D browsers from i3D [29] to BS
Contact [30] which is one of the current Web3D
browsers. The same thing applies to conventional
browsers which is actually not intended to display
3D graphic contents for the web.

Based on the limited ability of browsers
which can only display one format at a time, the
basic idea for displaying more than one world that
has two or more format originated from several
source into a browser was to make all documents
have the same format. This uniformity can be done
by converting all other format to the base format.
Base format is the one intended as destination

format for all document. In terms of conversion,
several studies have been conducted including
universal converters for 3D graphics [31],
management in supported formats [32], and
interfaces for displaying converted documents from
various different original formats [33]. Besides not
being devoted to Web3D documents, the resulting
service were used to convert documents
individually, not to convert a scenery consisting of
many 3D objects with their respective properties
and combine them with other sceneries.

3. PROPOSED FRAMEWORK

The proposed mechanism was arranged
into a framework to facilitate its implementation.
This framework has been proposed in [34],
however, there was a problem pertaining the
difficulty of implementing the necessary library in
the format conversion section in the conceptual
framework being researched. Proposed on-the-fly
conversion was very difficult to be implemented,
therefore a different approach has to be used in the
form of localizing resources to the user's computer.
The framework in the proposal was modified into
four main parts, namely resource management;
format conversion; attribute adjustment; and
display preparation, as shown in Figure 2.
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This paper discusses the first two elements
of the framework designed to prepare the source
worlds to be integrated. They were crucial parts
since in these series of processes the uniformed
files that needed to be integrated will be obtained.
Thus, the first two elements of the framework can
actually produce component files which can be put
together so that the preliminary results can be
shown. However, this condition only applies to
content from source worlds whose contents were
already adapted. If there was any source world
which have a display pattern that was different
from the aspect of location, direction, and size, then
it requires certain adjustment and preparation which
were not yet discussed in this paper.

4. BASE FORMAT SELECTION

According to the proposed framework, a
final format is required to be displayed by the
browser. We call this format as the base format,
because all other formats will be converted to this
format. This format should be a format that is
accepted wherever possible by as many web
browsers that are currently available, as the world
combination generated by the framework is
intended to be displayed in a web browser that has
been installed on the user's computer without any
changes.

In [35], a comparison was made to
determine the base format based on the standard
X3D format currently available. However, using
X3D will potentially create new problems,
especially when the implementation of the
framework will be used directly by users. The use
of the X3D format requires the installation of a
plug-in [36] to the user's computer system so that
documents with X3D format can be displayed in
the browser. Due to the need for plug-ins, security
and/or compatibility issues with browsers might
emerge [37]. In addition, the use of plug-in limits
the range of users because X3D plug-in are not
always available for all platforms or browsers, even
though X3D has high performance potential since
plug-ins can utilize hardware and graphic drivers
[38].

Several other studies related to the
selection of Web3D document formats give rise to
an alternative to X3D. In [39] and [40], data was
taken in CityGML document format to be used as
data for 3D models that use X3D format, then sent
to WebGL compatible browsers to display the final
results using the X3DOM format. In this study,
X3DOM was chosen mainly because it allows the
result to be displayed without plugins. X3DOM
itself is a framework as in [41] and [42], which

allows users to display the world in a compatible
browser without having to install a plug-in.
X3DOM uses DOM in HTMLS and utilizes
WebGL  through JavaScript library  [43].
Elimination of the need to use plug-ins gives rise to
the ease of use factor. It also widen the range of
usage of framework implementation to integrate
different world formats. The absence of plug-ins
also minimizes compatibility issues with browsers.
Based on the survey, many users want to be able to
see Web3D's display without plug-ins [44].

The base format selection then switches to
X3DOM which is published by a member of the
Web3D Consortium, Fraunhofer [45]. Although not
a standard format, X3DOM that connects HTML5
and X3D wusing DOM [46] brings several
characteristics that are expected to avoid problems
which can arise when using X3D. X3DOM makes
it possible to combine Web3D's world view into
conventional web pages so that it makes it more
dynamic and interactive [47]. X3DOM is also one
of the implementations of the need to shift towards
declarative ways of describing 3D objects on the
web [48], which makes the creation of 3D content
on the web easier when compared to imperative
methods. Figure 3 shows the X3DOM architecture
which includes users of the web browser and X3D
runtime.

- (o)
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B

Figure 3: X3DOM Architecture [49]

5. RESOURCE MANAGEMENT

The initial part of the framework, the
resource management, gathered the files obtained
from the source sites and store it locally in certain
folders. The entire system does not convert source
world files in real time since there were difficulties
found in the attempts to retrieve files from servers
which host the world files. Therefore, direct
conversion to produce results which can be
displayed immediately in the browser can not be
implemented. Some sites even block access to the
world document file folder so that file retrieval
must be done by manually checking the main file,
and then manually save each incoming file.
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Certain browsers allow access to world
files that have been cached, even though the folder
structure still has to be manually created to follow
the source world original structure. Therefore, the
main purpose of the first part of the framework was
not about the collection process from the source
site, but the management of the files that have been
collected from various source sites. Figure 4 shows

the overall fundamental process in the file
management section of the framework.
Source site File retrieval to local storage
) Source format identificatior
‘ o~
- 22
i cordmee wih he vl et \//

(|

Figure 4: Overall Resource Management Process

This section works by grouping the results
of collecting files from the source site into folders
that were specifically prepared to store the source
world files. Grouping was done to ease the process
and to avoid errors when accessing the file sources.
For each group of source worlds to be converted, it
was placed in a folder named after the title of the
integration project to be carried out. The source
world list and the title of the integration project
were stored for easy identification. The structure of
each folder from the source world was adapted to
the folder structure of the original site so that the
world can still be displayed in the offline browser,
by including all the accompanying files especially
the texture image file.

Not all source worlds can be used directly
in conversion, because both VRML and X3D files
can be compressed using gzip [50]. Especially for
X3D, compression can also be done by converting
text files into binary files using Compressed Binary
Encoding/CBE techniques [51]. Compressed files
will block the conversion process, thus requiring
special treatment. The following is the processing
method used to handle the overall source files,
including the compressed file:

(1) make a list of contents using source world
names along with all related information;

(2) each source world files that has been retrieved
from the original site was placed in a certain source
world folder, in a subfolder named with the

number/name of the integration project, and in the
sub-subfolder named the world specific identifier;
(3) set the naming of all sub-folders inside it to
match the description of the source world, and also
check the document content for each file to see the
arrangement and name of the folder;

(4) check file types to find out the format used;

(5) prepare a batch command with the list of folders
containing files that need to be converted,

(6) if the source files were in VRML format and
they were compressed, they were placed in a
particular folder for compressed files;

(7) the same was done to files in compressed X3D
format;

(8) prepare a batch command containing the list of
compressed files;

(9) run the decompression process
compressed files;

(10) send the decompression results back to the
source world folder, then create a batch contains a
list of files to convert;

(11) register the types of formats from each source
world entered in the project so that a specific
command can be issued for a particular source
world; and

(12) register the main files of each source world
that will be used in the overall process as part of an
integration project.

Figure 5 describes the process sequence in
the resource management section before the
conversion process was carried out. This activity
assumes all files have been retrieved from the
source world site complete with all components of
the forming object, whether they were compressed
or not. It is also assumed that all supporting files
(image, sound, video, etc.) have also been localized
first, even though these type of files do not get
specific treatment other than just being copied to
the next folder.

The process of checking and arranging
object files follows the path that starts from the
source world main file. Figure 6 shows a sample
snippet of the source world document with its
adjustments to the path arrangement in the source
world file storage folder. The preparation of this
folder assumes that the source world itself was not
a distributed world, which means that if the source
world refers to any external components or world,
the referenced object or world will not be stored
locally. Manually changing the source world
external reference is needed so that the external
resources can be assumed as local. The actual
components or world also need to be localized and
become part of the assets of the particular source
world.
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Figure 5: Resource Management Process

TIransform { scale 0.5 0.5 0.5, children Inline { url "street.wrl™ } }
Transform { scale 0.1 0.1 0.1, children Inline { url "vehicles\carl.wrl"

orm { scale 0.2 0.2 0.2, translation 0 1 O, children DEF SUV
{ url "wehicles\carz.wrl" } }

sform { scale 0.25 0.25 0.25, translation 1 2 0, rotation 0 1 O
. children U
, scale 0.2 0.2 0.2, children Inline

orm { translation 4 1 -3, scale 0.6 0.6 0.6, children [ DEF Walker

{ url "peoplelmalel.wrl.™ } ] }

orm { translation 3 1 -5, scale 0.5 0.7 0.5, children USE Walker
i
Transform { translaticen 5 1 -4, acale 0.5 0.7 0.5, children USE Walker

ion -5 0 2, children [
icles\animated\truckl.wzl" }

oo
source AudioClip { loop TRUE, url "etch\sounds\cars.wav" }
H

Sourcel

vehicles animated
I: carl.wri —Lfrucki. wrl

car2.wrl

sign
—|— traffic.wrl
people
—L malel.wri
etc sounds
—Lcam wav

Figure 6: Sample Storage Adjustments Based on
Source World Document

—world. wrl
—street.wrl

6. CONVERSION

Results from the resource management
were files that have been stored locally according to
their original structure and set to be ready for the
next section: format conversion. In general, the
process in the conversion section in the framework
is as shown in Figure 7. This section uses the
source files that have been prepared in the local
storage area, thus the entirety of conversion process
was also done locally.

Local document storage

ALY
L
I.u||||l|"'|'
T

\ Store converted files
Main world file check {

Figure 7: Overall Conversion Process

The basic model of the conversion system
used in accordance with the proposed framework is
to do the conversion locally on the user system. To
achieve this goal, the framework does not rely on
tools that are online via the internet, but rather use
locally installed tools as part of the framework. As
the framework is not a web-based application, the
conversion system does not need to send files to
certain servers on the internet and then retrieve the
conversion results. Online method of conversion
will take a longer time since there are additional
steps to be done, and requires connectivity to the
internet to use the framework. Aside from not being
online, conversion systems also do not use web
servers locally. The framework is a system that
includes the tools needed and works like
conventional computer applications. Conversion
will be executed only when the batch contains a list
of files from the source world has been sent by the
resource management section.

Conversion was done to actual document
contents from source worlds and not based on
metadata. The basic principle of conversion used in
the framework is to reduce user workload as much
as possible with automation. Thus the user only
carries out some important steps needed for the
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conversion process within the framework to work.
Activities that need to be carried out by users were:
(1) initiating a whole or certain part of the
framework;

(2) choose the file to be converted; and

(3) inform the source format to the system.

There are various Web3D document
formats currently available, some of which are
mentioned in [52], [53], and [54], and each format
has various features and specifications. Building a
framework that covers all of the current Web3D
formats will have to consider the availability of
tools and libraries. Therefore, this study has limited
the format that can be converted by the framework.
Research on this framework was using VRML and
X3D format issued by Web3D Consortium, as well
as the X3DOM format issued by Fraunhofer IGD.
These three formats act as source documents in the
conversion process, and the results from the overall
conversion was in X3DOM format.

Simply stated, the conversion process can
be described in Figure 8 which shows the sequence
after the file was retrived from the processed
resource storage. The process starts with checking
the source format, then the treatment was done after
checking the format. If the source uses VRML
format then it was converted to X3D, if the source
was X3D, it will be copied directly to the particular
converted folder. If the source file uses the
X3DOM format, the X3D component will be taken
and formed into the main file with the X3D format.
The support files in X3D format will be copied
directly to the converted folder. Basically the
conversion process has reach its end when the
result of conversion process has been stored locally,
after which an update was made to the project
information which shows the list of converted
source world files and their structure.

Based on the process model, a series of
X3D file preparation processes from the source file
for all formats accommodated in the framework are
prepared. Basic activities in the method used to
convert the source files in VRML format were as
following:

(1) open source file;

(2) preparing the destination file;

(3) initiation of readers and coding of new formats;
(4) write down the header of the destination file;

(5) read each source document and write new
document in the destination file;

(6) performing data readings that accompany each
code and writing data in the form of a destination
format; and

(7) end writing by closing the
destination files.

source and

Retrieving files from localized storage

Q
[ VRML )[ X3D ][ XJDOM] ﬂ

4

Source world list
(project) inspection

Treatment for identified format

]
J J

. Convert to Convert to
Converted X3D X3D
folder

adjustment <: & & |

Modify converted file information

[ VRML X3D

Create main
file in X3D

Referring to all source

worlds main file L ‘

J

L Local storage after conversion }

Save to converted files

storage

Figure 8: Conversion Process Model

Once the source world was known to use
the VRML format, this type of format was
registered to the system along with the storage
folder information in the active project. The use of
the VRML format can be known from the extension
used, whether it is .wrl, .wrz, or wrl.gz. A valid
VRML document file starts with a header as seen in
Figure 9.

$VRML V2.0 utfs

Figure 9: VRML Header

The header above is used for any
VRML97 and VRML 2.0 documents, while VRML
1.0 used the one as seen in Figure 10.

#VRML. V1.0 ascii

Figure 10: VRML 1.0 Header

As the use of VRML 1.0 was very rare, the
one used in this framework was source files with
VRML 2.0 or VRML97 format. Whereas the X3D
coding used as the destination after conversion was
XML coding, not classic VRML coding. The use of
XML coding would provide convenience if there
was any need to convert it to X3DOM. Using XML
coding, the X3D document began with the
following three lines as seen in Figure 11.
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<?xml version="1.0" encoding="UTF-8"2>

<!DOCTYPE X3D PUBLIC "I50//Web3D//DTD X3D 3.0//EN"
"http:/ /. wek3d. org/specifications/x3d-3.0.dtd">
<3p snlns i xsd="http:/ /. w3.org/2001/XMLachema—instance '

profile="Full' version='3.0"
xsd: noNamespaceSchemaLocation="http://www.web3d.org/specifications/x3d-
3.0.xsd">

Figure 11: X3D Header

Changing from VRML to X3D requires a
lot of adjustments, because the writing pattern and
node descriptions were different, especially because
X3D uses XML style while VRML which derived
from Openlnventor [55] has similarities with C
language. However, because X3D 1is a direct
superset of VRML [56] and its implementation
[57], the information on object formation from
documents with VRML format can still be used in
X3D format. This causes the visual display of the
converted object to look identical to its original
format. A snippet from a sample file at the
beginning of preparing an object in VRML format
has been shown in Figure 12.

DEF jendelaluar23lt Transform {
children [
Shape {
appearance Appearance {
material Material {

diffuseColor 0.5882 0.5882 0.5882
ambientIntensity 1.0 specularColer 0 0 0 shininess 0.145
transparency 0

}

Figure 12: An Object Preparation in VRML

In X3D format, it was written as following
as seen in Figure 13.

<Transform DEF='jendelaluarZ3lt'>
<Shape>
<Appearance>
<Material =smbientIntensity='1'
0.5882' shininess='0.145'/>

diffuseColor='0.5882 0.58B2

Figure 13: An Object Preparation in X3D

As seen in the X3D version of the
document line, the values specified in VRML can
be used in X3D with some adjustments in how to
write them. Some attributes, specularColor and
transparency are not written on lines that were
converted from VRML, because the attribute value
taken from VRML document was 0. The attribute
with value 0 does not need to be written in the X3D
document version since it is the default value.

Changes were also made to how to
describe coordinates of an object. In VRML, each
set of coordinates was written in the order X, y, and
z followed by a comma, then writes the next
coordinate set, as seen in Figure 14.

coord DEF jendelaluar231t-COORD Coordinate { point [
6 0 -125, -6 0 -125, -6 0 125, 6 0 125, & 5 -125, -6 5 -

123,

Figure 14: Coordinate Description in VRML

Writing the coordinate set in the X3D
format was basically the same because it uses the
order of the X, y, and z values. The difference was
only it doesn't use comma after each set of
coordinates. Even so, the values used were the
same. From the document snippet above, it was
written in the X3D format as seen in Figure 15.

<Coordinate DEF='jendelaluar231t-COORD' point='6 0 -125 -6 0 -125 -
60125 6 0 125 6 5 -125 -6 5 -125

Figure 15: Coordinate Description in X3D

Similar changes were also made to other
parts, one of which was in describing the position
to place the image file that was made into a texture
map to the object's surface. In VRML, it was
written in the same way as the following document
snippet shown in Figure 16.

texCoord DEF jendelaluar231t-TEXCOORD TextureCoordinats { peint [
0.9918 0.2856, 0.007084 0.2856, 0.4929 0.2855, 0.5082 0.2856,
0.9918 0.2936,

Figure 16: Texture Placement in VRML

The information was written in the X3D
document as seen in Figure 17.

<TextureCoordinate DEF='jendelaluar231t-TEXCOORD' point='0.9918
0.2856 0.007084 0.2856 0.4929 0.2855 0.5082 0.2856 0.9918 0.2936

Figure 17: Texture Placement in X3D

The same way is done on the coordinate
index for textures, in VRML documents were
written in the following lines shown in Figure 18.

texCoordIndex [
973, 9. 5.-1. 5. 9721973, —1.41, 2; 6. 1, 5o
2, 3,17 -1, 17, 6 2, -1, 3, 0, 4, -1, 4, 7, -1,
573, 974, 375, -1, 975, 1, 973, -1, 977, 978, 973, -1,

Figure 18: Coordinate Index for Textures in VRML

w o

Whereas in X3D it was written in the
following way as seen in Figure 19.

texCoordIndex="973 1 5 -1 5 972 973 -1 126 -1 651-1237-17
62l 3 0=l 47 340973 974055 —1 9754 993 =192 978 D791

Figure 19: Coordinate Index for Textures in X3D

Nodes for other visual effects also get
adjustments as needed, including normal vertices.
Normal vertices were usually elaborated in non-
primitive complex polygons because it was used to
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indicate perpendicular direction from the arrival of
light, so that it can be used to manipulate the shade
as a result of lighting which landed on the surface
of the object. In VRML format, it can be written in
the following sample document snippet as seen in
Figure 20.

normal Normal { vector [

-0.8778 0 0.4788, 0.8778 -0.4788 0, 0.8778 O -0.4788,
100, -0.8778 -0 0, -0.8778 0 -0.4788, -1 0 O,

] .4788 0, 0 -1 0, 0.8778 0 0.4788,
0 0, 11}

Figure 20: Normal Vertices in VRML

In X3D format, the value of the normal
vertex was written as seen in Figure 21.

<Normal wecter="'-0.8778 0 0.4788 0.8778 -0.4788 0 0
100 -0.8778 -0.4788 0 -0.8778 0 -0.4788 -1 00 0 1
0.4788 0 0 -1 0 0.87786 0 0.4788 0 0 -1 -0.8778 0.4788

Figure 21: Normal Vertices in X3D

The next translations were on the
coordinate index. In documents that describe
complex objects, this section was used to define
coordinates used to draw the surface of an object.
In VRML, this coordinate index was written in a
way like the following lines of document shown in
Figure 22.

coordIadex [

il R b S bl e Bl Sl e e Bl i e B S R i

Figure 22: Coordinate Index in VRML

Whereas in X3D, lines to define the index
coordinates were written as in the following line of
document lines shown in Figure 23.

coordIndex='0 1 5 -1540-1126-1651-123

Figure 23: Coordinate Index in X3D

Conversions were also made on document
files from source worlds with X3DOM format.
Since the world with the X3DOM format only uses
this format for the main world file, then the
conversion was only done on the main world file.
In the case of converting X3DOM files to X3D, the
steps that have been done were: (1) removing
HTML elements and (2) making adjustments to the
lines of documents from X3DOM to meet the X3D
writing style. For example, based on the same
object used in sample conversion from VRML to
X3D, if the object was written in X3DOM format
then the initial section of the document contains the
following lines as seen in Figure 24.

<!DOCTYPE html>
<html>
<head>
<meta http-equiv='Content-Type' content='text/html;charset=utfi—
8'></meta>
<link rel='stylesheet' type='text/css
href="http://www.x3dom.org/x3dom/release/x3dom.css'></link>
<script type='text/javascript
src='http://www.x3dom.org/x3dom/release/x3dom. js'></script>
</head>
<body  style='width:100%;
padding:0; '>
<x3d id='jendaluar23’ showStat='false' showLog='false' x='Opx"
y="'Opx' style='width:100%; height:100%; border:0; margin:0;
padding:0; '>
<scene DEF='scene'>
<transform DEF='jendelaluar23lt'>
<shape>
<appearance>
<material ambientIntensity='1"
0.5882 0.5882' shininess='0.145'></material>

Figure 24: Sample Document in X3DOM

height:100%;  border:0; margin:0;

diffuseColor="'0.5882

In accordance with the specifications in
X3DOM, the first line of document identifier
indicates that the file is an HTMLS document. The
next HTML element up to the <x3d> element is
part of the HTML that makes the X3D file
X3DOM. To convert it to an X3D document, the
HTML element was replaced with an X3D header
as mentioned in the previous section. Since
X3DOM uses the method of writing attributes as in
HTML documents, the attributes in X3DOM are
also not case sensitive [58], including all X3D
elements specified in the document. When
converted to X3D, these elements were rewritten
according to the syntax in the X3D rules, including
following the terms of use of upper and lower case
letters in the document. The following were lines of
document based on the previous sample written in
X3D format, shown in Figure 25.

<?xml version="1.0" encoding="UTF-8"2>

<!DOCTYPE X3D PUBLIC "I150//Web3D//DTD X3D 3.0//EN"
"http://www.web3d.org/specifications/x3d-3.0.ded">
<H3D xmlns:xsd="http://www.w3.org/2001/XMLSchema-instance '

profile='Full’ version='3.0"
xsd:noNamespaceSchemaLocation='http://www.web3d.org/specificaticns/x3d-
3.0.x3d'>

<8cene DEF='scene'>

<Transform DEF='jendelaluar23lt'>

<Shape>
<Appearance>
<Material ambientIntensity='l"

0.5882' shininess='0.145'/>

diffuseColor='0.5882 0.5882

Figure 25: Sample Document in X3D

Changes made in the context of conversion
were carried out on all source files with VRML and
X3DOM formats. The conversion results were
stored in the folder prepared for files that have been
converted into X3D format. After all files were
uniformed in X3D format, the next step was to
correct the reference to the external file contained
in the converted documents. Reference to external
resource in a VRML file can be seen in Figure 26.
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Transform { translation 3964 102.1 -1703, scale 1 1 1, zotation 0 -
0.7071 0.7071 -3.14z2, children DEF pintudobel Inline { url
"pintudebel.wzl® } }

Figure 26: Reference to External Resource in A
VRML File

The lines were converted to be like the one
shown in Figure 27.

<Transform rotation='0 -0.7071 0.7071 -3.142"
102.1 -1703'>

<Inline DEF='pintudobel' url=""pintudobel.wrl"'/>
</Tranaform>

translation='3964

Figure 27: Reference to External Resource in An
X3D File

In the X3D documents written based on
the original VRML document, there was a
reference to a file in VRML format. This would
obviously cause errors because all files were
uniformed to X3D format. Therefore, file reference
must also be adjusted to the correct file resulting
from the conversion. The line of documents were
changed to the following as seen in Figure 28.

<Transform rotation='0 -0.7071 0.7071 -3.142' translation='3964
1021 =1703°>

<Inline DEF='pintudobel' url=""pintudcbel.x3d"'/>
</Transform>

Figure 28: Reference to External Resource in An
X3D File, Corrected

As the scale contains no modification in
object size, it was not written in X3D format. In
addition, it was also necessary to adjust the folder
name. This would only be done if there were any
further change in project folder name since the list
that the conversion section worked on contains all
the folder name of the source world.

7. RESULTS AND DISCUSSION

Resource management section that work at
the beginning of the framework were tasked with
providing the data needed so that the next element
can work according to its purpose. The main
purpose of data management was to ensure that the

source world folder structure was wused in
accordance  with  the  original.  Resource
management was needed because when the

collection of files from the source site was done,
often the source world files accumulate into one
folder, or spread to various folders created during
retrieval and did not match the original folder
structure. This buildup can occur because sites that
function as hosts for the source world do not
provide direct access to the folder containing the

required files. If something like this happens, active
retrieval cannot be done to the server on that site.

Tools for retrieving files, especially those
in the mass-downloader category, will also not be
used if access to the folder is blocked. To overcome
this, the required files were obtained through
passive retrieval, by retrieving the files obtained
from the server when browsing in the world.
Passive retrieval was done in two ways: (1)
searching and retrieving source world files from the
cache folder in the browser used to browse the
source site; or (2) calling each component of the
source world one by one using a browser.

Passive retrieval through the cache
actually makes it easy to collect files from the
source site, because if browsing was done
completely by passing and interacting with all the
elements in the source world Web3D site, all the
required files will be available in the cache. In
some browsers, file names that are components in
the source world site were shown as they were on
the original server, whereas in certain browsers the
file name was made random, making it difficult to
search for the required files and requiring additional
time to change the file name to the original.
However, even though all files can be available in
the cache and can be identified, all the files were
stacked in just one folder or scattered in several
browser cache folders according to the session.
Thus, it is necessary to rebuild the placement of all
files that have been obtained in order to have the
folder structure just as the original. Resource
management section carried out this task so that
world resources can be displayed offline on local
computers without being connected to the internet,
which means they were ready to be converted by
the next framework section.

Passive retrieval by calling each
component based on the reference that starts from
the main file of the world can become a
significantly time consuming process if there were
many different components of the forming
component, and there were sub-references to the
components taken. If there were many references to
similar components, then passive retrieval in this
way would not require very much effort, because
the component files taken were not too many in
numbers. The time required can also be shorter
when the referred component does not refer to other
smaller forming components. In general, this
method takes longer when compared to using a
cache, but this method can better ensure the
availability of components from the source world.
This method also makes it possible to directly get
the structure that matches the folder structure on the
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source site server if the file obtained was stored
directly in the path sequence that matches the
description in the file that refers to the particular
component. If the source world files were obtained
in this way, the task of the file management
element was to match the structure that has been
obtained from the collection of files with the path
mentioned in the source world files, especially from
the main file.

Another task done by the file manager was

to decompress the source world file. Without
decompression, the conversion will not be possible
because the compressed file cannot be read. This
element checks the file extension to determine
whether the files need to be converted or not. Type
checking were carried out in the following ways:
(1) in the source world with VRML format, the
decompression command will be given when the
.wrz or .wrl.gz extension were found in files stored
in folders and all subfolders. The problem that can
arise when using this method was that VRML
allows the use of .wrl extension on files that have
been compressed. This allows errors in the
execution of the next section because the
compressed file was considered uncompressed and
the conversion attempt will be carried out
immediately.
(2) Whereas in the source world with the X3D
format, the decompression command will be given
when any files with the extension .x3dz, x3d.gz,
x3dvz, .x3dv.gz, .x3db, or .x3db.gz in the folder
and all subfolders were found. Files with .xd3b
extension was among those that must be
decompressed because this file was written with the
CBE method which made the file contents became
a set of binary data. In order to gain access to the
ASCII form of this binary file, decompression was
performed. The result was a file in X3D format so it
was not included in the conversion treatment.

The most important task of the resource
management element was to prepare a list of files to
be converted by the conversion section. Preparation
of a file list was needed because the framework was
prepared to minimize user’s work, by reducing the
workload of changing the format, especially if the
files which needed to be converted were in large
numbers. File management section created a list of
files that needed to be converted to all folders in
each source world, then send a list of files
according to the source world folder structure to the
conversion section. The list of files was obtained
through searching each folder for a particular file
type. The process were done sequentially by the
system so that no source format file was missed.

This framework section was tested in an
experiment to manage three sample source worlds
in VRML, X3D, and X3DOM formats that were
localized in a folder that was assumed to be
collected from the source site. Some of the files in
each source world for experiments contain
compressed files, all files have not been arranged in
the folder structure according to the path
description in the source world, and the list of files
ready for conversion was not available. The
resource management section begins by registering
the source world into an integration project
accompanied by mentioning the initial location of
folders used to store the source world files
respectively. The management process ends after
the project folder contains all source world folders
have been prepared, and a list of all files to be
converted has been completed. Table 1 shows the
results of this section test.

Table 1. Results from file management test

Source/ | 3Dfiles/ | Other| Folder File File
format | compressed files | placement | decompression list
World I/|  54/44 14 100% 73% 100%
VRML
World2/| 73121 11 100% 100% 100%
X3D

World3/|  66/38 23 100% 37% 100%
X3DOM

The resource management  section

implementation has been able to prepare the file list
and set the location of the file to be converted.
However, the decompression sub-system still
encountered obstacles since the VRML file
management has not been able to distinguish
between compressed or uncompressed files when
the VRML files were using the same extension
(.wrl). There were 12 compressed files in .wrl
extension that were not decompressed. Whereas in
the X3DOM file, the resource management section
could not process 24 binary compressed files that
use the BinaryGeometry node from the
InstantReality platform [59]. The X3DOM file used
in the experiment can refer to X3D files that were
compressed using gzip in both XML encoding [60]
and classic VRML [61], but could not refer to CBE
binary compressed files which were X3D standards.
In order to have the minimized file size feature as
well as 3D structure optimization, source world in
X3DOM format can utilize BinaryGeometry which
is not a standard node in X3D.

The next part was the conversion section.
This section was simply a part that produces the
files needed to be displayed in the browser. As the
second part of the framework after the resource
management section, the conversion section
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received a list of conversion target files from each
source world. The first step that needed to be done
was to check the format information of the file to
be converted. This was needed so that the
conversion section can properly convert the files to
the destination format. As per the initial design, if
the source file format was X3D then no conversion
will be made, thus the conversion element will only
prepare the conversion process to files with formats
other than X3D.

The next step was inserting the command
to read the source file and create the target file in a
new format, for each file listed in the conversion
list. Based on each command on the file that was
included in the list for a world, the conversion
process was carried out. The process of reading the
source file from the folder that has been prepared in
the resource management process and writing new
files in the conversion folder was repeated on all
files in the list of each source world. The repeated
process was including copying any X3D files to the
particular converted folder. Each converted or
copied file was placed in the same structure as set
in the folder of each source world.

The process in the conversion section did
not change the conversion result back into
compressed form. If this was done, then the
adjustment process will experience difficulties if
the source world has too many differences in
display properties compared to other source worlds.
In order to avoid errors in the test, all previous files
in VRML format and the ones failed to be
decompressed in the resource management section
needed to be decompressed first. Whereas binary
files from source world in X3DOM format were
treated like X3D files that will be referred to by the
primary file in X3DOM format, therefore these
files were not converted.

Based on the conversion process for each
source world file type, the results obtained can be
shown in the attached Table 2. All variants of the
source format sent by the resource management
section have been converted in this section, except
for files that were not prepared as input for the
conversion system. It can be concluded that all
source world conversion results can perform well in
the browser just like when they were displayed in
their original format. As for the entire source world,
the process results from the conversion section
based on the tests that have been carried out can be
seen in the attached Table 3.

The process in the conversion section has
placed all the conversion results as well as copies of
files from source world to the designated converted
folder and in accordance with the original folder

structure. As per the initial design, all files that
have used the X3D format were only be copied to
the converted folder without any further changes.
All files from the VRML format have been
converted, and only one file from the X3DOM
format was converted because the other files of the
particular world have used the X3D format and
some were in binary form using BinaryGeometry
node. Deformation of 3D objects did not occur in
the world as the result of conversion, but there was
a slight discrepancy in mapping the textures to
objects that used BinaryGeometry nodes.

Overall sequence of processes and their
related data were shown in attached Figure 29.
Except for the planned adjustment process which
was not yet included in this research, the
framework has able to carry out all the specific
process, leaving only the adjustments which needed
to be done manually as the particular element has
not yet prepared.

Source worlds with their respective
contents in VRML, X3D and X3DOM formats
were shown in Figure 30. Specificity can be seen in
X3DOM world which used X3D documents as its
components. Since the X3DOM world also used
BinaryGeometry binary files, they were placed in
the binGeo folder copied from the source world.
Each source world contains various objects with a
ratio of sizes that have been uniformed, the same
overall direction when viewed from the same
camera point, and the same initial coordinate points
or object location. Manual equalization to the
position, size, and direction attributes was done
before all processes in the framework were carried
out because the framework discussed in this paper
was only consisted of the resource management and
conversion sections. The framework that has been
completed in this research did not cover the
adjustment section and the results preparation.
Source worlds that have the right direction,
location, and scale can be directly integrated with
each other to form a single world that seems proper
and can be directly explored.

Using the implementation which consisted
of two parts of the framework, the source worlds
were processed and the results were shown in the
browser, as shown in Figure 31. The final world has
used the X3DOM format as the base format as
planned in the overall framework. In the initial
design, the X3DOM format will be used at the last
element which has not been included in this first
version of the framework. However, the concept of
using primary files in X3DOM format as the main
world that act as the caller of all conversion results
has been used up to this section and implemented
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manually through the use of the primary world file
template. The aim was that the framework could
accommodate files that used the BinaryGeometry
node since this file was not among the converted
files.

(c)
Figure 30: Source worlds: (a) in VRML, (b) in
X3D; (c) in X3DOM

Figure 31: Integrated worlds

8. CONCLUSION AND FUTURE WORKS

The multi-format contribution for the
distributed world principle has been implemented
into a working framework. The framework that
included two main components, the resource

management section and the conversion section,
has been able to provide a series of processes which
were needed to integrate the separated world into a
single world. The framework has solved the
problem of differences in formats of the source
worlds by accommodating a limited number of
formats, although it has not been prepared to handle
differences in views based on the size, position, and
direction of the content contained in each world.
The final world produced by the framework allows
seamless integration of previously separate worlds,
so that users can explore all of the world as if they
navigate and interact in a single, very large world.

As part of an overall full framework, the
research only covered the first two parts of all four
elements of the planned framework. Subsequent
research will complement this framework so that it
can present a complete concept of a framework that
will enable users to interact with several worlds at
the same time without having to switch browsers,
with little performance degradation on their
computer systems. Future research will also add
more format that can be covered by the framework,
to expand the range of world diversity that can be
integrated.
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Table 2. Converted Source Format
Format Extension # of files Converted Object Invididual World Deformation Texture/
placement viewable viewable coloring
VRML wrl 22 V V V V x V
wrl.gz 24 \ \ \ \ X \
WrZ 8 N N N N X N
X3D x3d 46 x N N N x N
x3dv 4 x N N N x N
.x3dz 5 X \ \ \ X \
x3dvz 5 X N N N X N
x3d.gz 3 X \ \ \ X \
x3dv.gz 5 X \ \ \ X \
x3db 2 x N N N x N
.x3db.gz 3 X \ \ \ X \
X3DOM | .html 1 N N N N x N
x3d 20 x N N N x N
.x3dz 9 X \ \ \ X \
x3dv 7 X \ \ \ X N
x3dvz 5 X \ \ \ X \
bin+4 16 x N x N x x
bin+8 8 x N x N x x
Table 3. Results from File Conversion Test
Source world Format # of 3D files Converted Percentage Folder placement
World 1 VRML 54 54 100% 100%
World 2 X3D 73 0 0% 100%
World 3 X3DOM 66 1 2% 100%
Collection Allocation Decompression Filename Format
correction registration
Scattered Collected Structured Decompressed Corrected Registered
resource |:> resource |:> resource |:> resource |:> resource |:> resource
Browser ::l Combined ::l Adjusted ::l Properly J
view resource resource converted
1/ \r 1/ \r 1/ \ resource 1/ \r
L
Shell to Primary files Property (per format)
browser integration adjustment Conversion

Figure 29: Overall process and related data.
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