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Abstract—The VR XML Data Model Visualization Project is
a python based virtual reality project that generates 3D tree-
graph representation of XML data in an immersive and
interactive virtual environment.
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I. INTRODUCTION

Data models are often represented as spreadsheet tables or
eXtensible Markup Language (XML) files. The relationships
are sometimes visualized using Unified Modeling Language
(UML) and related software architecture tools. However, they
are often flattened and limited views. An interactive 3D
representation provides a new and different way of looking at
and manipulating models which can foster interest in data
architecture and data modeling.

This project was created under the direction of Dr. Sharad
Sharma for the Bowie State University Computer Science
Course COSC 729: Virtual Reality and its Applications.

II. GOAL AND OBJECTIVES

The purpose of this project is to create an interactive 3D
representation of a data model in a virtual environment to
foster interest in data architecture and data modeling. The
target audience is for anyone to begin exploration of a new
modality for manipulating data. This project also aims to
demonstrate some fundamentals of virtual reality (VR) through
creation the virtual environment and was designed with intent
that this project would be extended and continued.

Due to time limitations, this project is currently still in its
developmental phase and thus is used for demonstration
purposes and can be used by other experienced software
developers to: create 3D interactive visualizations for XML-
based data models, view code examples for using Vizard
platform features and other code libraries. This project
demonstrates concepts covered in the course including avatar
manipulation, use of sensors, sound control, and various user
interface features including keypresses, mouse controls, and
onscreen menus.

Concepts outside the direct course instruction include
additional manipulation of objects, ability to read in and write
out external files, and the ability to relate external data to
virtual objects.
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III. PROJECT DESCRIPTION

The VR XML Data Model Visualization Project was
created using the Vizard platform along with several graphical
modeling tools including SketchUp and 3DS Max.

The centerpiece of the virtual environment is the data
model itself which is a 3D tree-graph representation of the
XML data. The model is generated in a three-step process.
First the data model is read in form an XML file. Then
recursive methods are used to walk the data to generate the 3D
tree graph. Trigonometry was used to create placement for the
nodes in 3D. Node size and colors are used to express different
data types and attributes contained in an XML data file.

IV. FUNCTIONALITY

The scene is set in a large warehouse-like facility. In the
opening scene as shown in Fig. 1, a group of people are
leisurely talking and dancing in the center area while dance
music is playing in the background.

Fig. 1. Introductory scene: group of people in main area.

XML Data

The user presses the ‘c’ key to clear the area. Pressing ‘¢’
will pause the dance music playing in the background, play an
audio file announcing that participants should ‘Clear the area
for a demonstration.” The characters in the scene will then walk
to an observation area to watch when a model is shown.



Fig. 2. Chracters clear the area.

A. Primary User Controls

After the characters move to an observation area, the user
can click the ‘Import Model’ button in the ‘XML Data’
information menu. This will load the ‘country data.xml’ file.
As shown in Figure 3 below, in the ‘countries.xml’ file, node
size was used to reflect number of contained nodes such that
larger nodes contain more child nodes and the smallest nodes
are leaf nodes containing no child nodes. Red nodes were used
to represent the primary data type ‘country’ while blue was
used to represent the ‘year ‘that the country was founded.
Green was used to indicate economic data for gross domestic
product (GDP). Finally, links are added to show the
relationship between parent and child data nodes.

XML Data
Data Placeholder

Fig. 3. Import the model.

Once the user imports the model, they will have the
capabiilty to use the Grabber to grab any Node from the Data
Model and move it anywhere with the VR Environment. As
shown in Figures 4 and 5. Figure 4 shows ‘Grabbing’ a Node.
Vizconnect configuration and in-game sensors are used to
detect when the Grabber makes contact with the Node. User
controls for ‘double-click’ to ‘Create New Node,” ‘spacebar,’
to delete node, and ‘Left-click and drag’ to move nodes.

Fig: 4: Grabbing a Node.

Fig. 5. Moving a Node.

Furthermore, a list of controls will apper in the Center
Control Panel providing the user with a list options on how to
manipulate the node. The user will have the capability to delete
and re-add and attached the deleted node. As seen in Figures 6
and 7 below.

Fig. 6. Delete a Node.



Fig. 7. Add Node.

Adding a Node can work in more than one way. The first is
to replace a previously deleted node. The second is to create
an arbitrary node. Although not fully implemented in this
project, creation of a new node was intended to be able spawn
creation of a separate model and XML file.

B. Explorining Multiple Data Models

The XML visualization code allows the user to be able to
render more than one model in the environment at a time. To
illustrate this feature, two additional data models can be added
to the environment by pressing the ‘8’ key to load the
‘cd_catelog.xml’ file and pressing the ‘9’ key to add the
‘FACE_SDM.face’ file. An excerpt of the source of the central
model, from ‘country data.xml’ is as follows in Figure 8
below.

=Pl version="1.0"7=
=data=
=eountrynarve="Lischernstein'=
=rank=1=Srank=
=year= 2008 e
=gdppe=141100=fzdppr=
=neighbor name="dstia" directior="E"f=
=neighhor name="Svatzarland " directiors "W =
=hcountry=
Soountrynarte= "3 ingapoe "
=rank=d=smnk=
ayears201 1=/ year=
=gdppe=53900=/zdppe=
=naighhor narma="Talawsia" diracton="H"f=

=hcountry=

Fig. 8. Code exerpt from country data.xml.

The ‘cd catalog.xml’ data source in comparison is shown in
Figure 9. The ‘country data’ and ‘cd catalog.xml’ files are
similar in structure in terms of using tradtional concepts as
XML tag names.

=Pzl wersion="1.0"¢=
=catalog=
=pd=
=title=empire burlesgue</title=
=artist=hob dylarn=fartist=
Zcountry=usaioountry=
<cormpany=coluribia=icorpanty=
<price=1090=price=
<year= 198 5= yrear=
=led=
=pd=
=title=hide your heart=/title=
=artist=honnie tyler=lartist=
<country=uk=icountryes
=corupaty=chs records<looropany=
=price=0 D0=price=
<year= 1 PEE= year=
=led=

Fig. 9. Code exerpt from cd_catalog.xml.

The structual as well as content similarities and differences
in the model are more easily seen in the 3D virtual
representation as shown in Figure 10. The 3D model on the
left is the ‘CD Catalog Data Model” while the model on the
right is the ‘Country Data Model.’

Fig. 10. cd_catelog.xml and country data.xml 3D models.

Figure 10 shows the uniform structure of the CD Catalog
Data Model entries as the shape of the model is regular
indicating a consistent number of data fields only one level
deep as reflected from the code excerpt in Figure 9. The
Country Data Model is not symmetric meaning that the data
has different numbers of nested child nodes. In the Country
Data Model, there are varying numbers of neighbor nodes per
country and in some cases, additional inner nodes.

Also note that there are similar node colors. Red indicates
country name information, green represents monetary
information. In the case of the country data, monetary



information is GDP, while in cd catalog data, monetary
information is price of a cd.

Blue represents date and time information: date founded for
country data, and date published for cd catalog data . This
enables user’s to quickly and easily see where data could be
cross-referenced.

The third model, the ‘FACE SDM.face’ file is a
different type of XML data model. It is a semantic relational
model used to map different concepts together. Figure 7 shows
a sample source code sample from this model.

=Tyl wepsion="1 1" srondive="TTTFE"T=
=face:Datablodel x nuversion="2.0"
xlns onn="hp Faranar oz ceg BT
wmlns ;copeephial="http: ey o pargronpoasfacelconee phyalf2 1"
xlns [face="htp Marsnar opengronp nsiface2 1"
xlns logical= "hitp:fanarar opergronpusifacellogiceali2 1"
amiid="EAD MFECLAT TBIE_deb7_B4B] TdoDa4ES1 D"
name="FACE 21 Shawd Data Model"=
=edm xmitype="face ConcephialDatalladal"
amiid="EAID 3511E6SF_1D0E_4e10 4561 S7s4eEEFET4"
name="Conceptial Model"=
=odm i type="face:Concephial D atallodel"
xnuid="EAID ESFEFDAD TEB4E_defd £2C0 FODRIBEESC"
name="Ohserrdles "
=edm mistype="face:Conceptial Datablodel"
amind="EAID S44C5555 EADE 415 BEL EJF/1EELSESE"
name="InbnmationE lenert" des criptor="Abstrac t infremation that
applies to athibutes of anentity [ e.z., text, diagrams, labels, atc )=
=odm xmitype="fae ConceptialDatablodel"
xmiid="EAID 12740251 T8 d6de B4EE NR1F57649E"
name="Descripton">

Fig. 11. FACE_SDM.face code exerpt.

When comparing this model to ther other models, we note
that the size shape, colors, and structures are very different
from the simple tradional XML tag information. The this
semantic and relationship model is irregular with varying
numbers of attributes, fields, and child nodes per node.

Fig. 12. Cd_catelog.xml, country data.xml, and FACE_SDM.xml 3D VR
data models.

To glean more information from this very large and
complex data model, additional methods such as data

conditioning, filtering, and sorting would be required to better
understand and examine the structure of the model. [1]

V. LIMITATIONS AND LESSONS LEARNED

The Vizard platform is an excellent rapid development
integrated development environment (IDE) for VR. However,
to manipulate outside data, other software libraries must be
used. Standard python can be used. In this application, the
Element Tree XML Application Programming Interface (API)
was used for parsing the XML data files.

There are several areas for future growth for this project.
Due to time constraints, there were several aspects of this
project that require further development for completeness.
These include real-time updating for moving connected links in
real-time, updating and changing links. The current state of this
project requires experienced software developers to create a
guided experience for users.

The development plan underestimated the level of effort
required to complete this project. It took many hours of
practice to learn to manipulate models and understand the
features of the VR platform, as well as the Element Tree API to
produce this project. Model placement and manipulation of
coordinates were difficult to view in the Vizard IDE. Recursion
and mathematics are required to create a reasonable
arrangement of nodes to produce a truly 3D model
Configuration files also must be managed and the interface for
Vizconnect to enable features such as grabbing and avatar
control when performing collaborative development.

VI. FUTURE APPLICATION

3D and VR data visualization is a new and growing area of
research. Advancements for this project would include
multiuser support, hardware support, hardware support, and
storyboard application.

Multiuser support, which requires network capability,
would enable multiple users to view and manipulate the model.
Hardware support including head-mounted display such as
Oculus and input devices such as pinch glove, will provide for
a more immersive experience.

Storyboarding is about how the application itself can be
used. For example, data scientists can use this project to
explore and different views of information to others. This
could also be used for data model training.

Next steps would creation of an interactive, guided tutorial
on how to build data models in the 3D environment. Adding
VR hardware support will make the model more interactive
and can be leveraged to provide visual and haptic feedback
when incorrect connections are made.

Other applications include opportunities for human factors
studies to explore the effects of node versus link size, shape,
and color and measures of attentiveness and duration of game

play.



VII. CONCLUSION

This project provided a basic demonstration of a 3D VR
representation of XML data models 3-dimensional tree-graphs.
Multiple XML documents were imported and rendered as
models in the virtual environment. This project exercised some
fundamentals of creating an immersive VR environment
through use of on-screen prompts, use of different types of
sounds, VR sensors, timers, animations and avatars on the
Vizard platform. Recursion and trigonometric functions were
used to create patterned structures while color, links, and node
sizes were used to illustrate differences in datatypes and
relationships between nodes.

VR is a good medium for gaining a new perspective on
visualizing structure of data models. VR IDEs such as Vizard
can be leveraged for rapid VR prototyping with flexibility to
bring in external code libraries. The immersive environment
makes data visualization more interesting not jut to the user,
but also to the developers. Team members look forward to
continuing this work.
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