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ABSTRACT

This paper presents our experiences creating X3D®&b
publications of models and environments for fouffedent
domains: a Structure and Form Curriculum, Sciemntifi
Visualization, Homepage Designs, and Building Vimaion.
Through a series of six case studies across theswmids, we
highlight several tools and content pipelines usB@ Extensible
3D (X3D) and describe our experience publishing thantent to
X3DOM. We detail our lessons learned through triigerse use
cases and show that a greatest common denominasts.eNe
hope these features and lessons contribute toebelapment of
native Web3D graphics that leverage the standamdesgraph and
web-browser event systems such as the DOM.

Categories and Subject Descriptors
D.2.3 Coding Tools and Techniques;

D.2.7 Distribution, Maintenance and Enhancement

General Terms
Web Publishing, Multimedia, Standardization.

Keywords
html5, web3d, X3D, 3D mashups.

1. INTRODUCTION

Modern enterprises are characterized by a diversify
stakeholders and systems. Adopting internatiorexidstrds is a
key strategy to meeting business-critical requimi:esuch as
interoperability, portability and durability of iofmation assets. In
this paper, we examine how the ISO X3D standardbeaused to
scale technology and support for a large orgamiratiith several
domain specialties.

We set out to demonstrate a capable platform toatahteractive
3D publications from several tools and domainsc&iwve use the
International Standards Organization (ISO) Extdes8b (X3D)
as our main platform for interchange and delivefyvitual
environments and visualizations, we are able tov\aar content
on diverse devices including: laptops, stereo TWalls of tiled
screens and fully immersive projection rooms. Tiostability is
very powerful in an IT- controlled environment whewe can
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count on specific client software being install@dit in the wild

and out on the web, the required plug-in and stlode client
models are less successful. To achieve the bropdesible reach
for our interactive 3D content, we seek a way tdblish to the
native web browser. Extensible 3D (X3D), as aesuf 1SO

standard specifications, enables a number of flextublishing

paradigms for web and offline consumption [1, 10].

For the purposes of this paper specifically, we ddscribe our
tests for X3DOM publication using data from sevelaiains:

« DOMAIN 1 — Structure and Form Curriculum
« DOMAIN 2 — Scientific Visualizations

« DOMAIN 3 — Homepage Designs

¢« DOMAIN 4 - Building Visualization

2. BACKGROUND

Since the ISO VRML and its EAI, declarative langesdor scene
graphs - 3D models, environments and interactiohave been
widely demonstrated. These ISO scene graphs ¢on§is
‘Transformation Graph’, which represents the orgation and
coordinate systems of objects in the environmedtafBehavior
Graph’, which describes the event connections bertweodes.
While the VRML or X3D files themselves are represen
declaratively, most application logic is built frommperative
programming languages. The APIs such as the ‘EAISAI’ are

exposing the runtime structure to programmatic secevhether
its through JavaScript, Java, Python, C++, or.Netre it here).

Unlike its predecessor, the ISO Extensible 3D (X3Egndard
provides both an abstract model of the scene gemgoded in
several formats (XML, VRML-Classic, or Binary) ardunified
programming interface: the SAl. The Scene Accegsrface
(SAIl) may be implemented in any number of languaayes the
current 1ISO specs describe bindings for ECMASaiqd Java.

Considering recent developments in the Web Archite¢ such
as WebGL, there have been several
demonstrated to raise the content author's abgiracirom
imperative OpenGL ES programming to more of a datilze,
web-like, document-oriented model [2, 3, 4]. Intdgrg the
behavior graph with the web event model providesniied
idiom within which to author rich interactive 3D grmedia.

In this paper, we begin from the greatest commamodenator
information exchange that serves our enterprisesacseveral
domains (X3D). We then describe our initial expeces in
publishing these resources to a native HTML5 wedwiser with
WebGL: X3DOM. Each of these examples is postecherit:

http://people.cs.vt.edu/~npolys/DEC2012/
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3. DOMAIN 1 - Structure and Form
Curriculum

3.1 SAFAS

We have developed a curriculum and toolset for itgctural
students to study the relationship between stracuad form. The
curriculum consists of two modules: a Knowledgebasbsite,
which provides explanatory information and multin@edbout
different aspects of spatial structures, and thec8ire And Form
Analysis System (SAFAS).

Recent years have seen a remarkable exponentldgemtion of
information and services accessible over the WuYide Web.
Because our goal was to publish our curriculum taods for the
broadest possible impact, we chose to use Web-lmaa#media
with Dublin-Core metadata as a means to publishHaegbory
resources in an accessible and searchable way FAGJAS itself
is based on the open-source Java toolkit, Xj3D [@re we
describe the use of X3DOM to present assembly aioms for
the web curriculum [11].

3.2 Assembly Animations

The fundamentals of form and structure are predeirtean
explanatory resource, covering several main chaptend
concepts. These include: Fundamentals, History,igdeCase
Studies, and Assembly and Erection. In order tarpgrthese
concepts, a series of 3D models were built in 3DdiBt Max.
Videos were created and published with the webdiew the
researchers are evaluating other e-publishing tufier these
models and animations. These include X3D and X3DOM.

An initial set of modules was selected for animatiexported to
X3D and then transcoded to X3DOM and HTML5. Screets
are shown in Figure 1.

Virginia Tech SAFAS Courseware
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) file/ /D wampuw../unistrut Lxhteml % | 4

[ € £} file:///D:/wamp/www/x3dom/X3D Testing/unistrut 1 xhtmi

Figure 1: a) Uni strut system, b) Assembly of squaron-square

Tools » 3D Studio Max

e Fraunhofer IGD’s exporter

Features | Animation sequence of several objects

Lessons

delete any empty Groups or Transforms

e time control needed (pause, reverse, slow-
motion)

* a special setup (WAMP) is required for offline
testing of X3DOM

4. DOMAIN 2 — Scientific Visualization

4.1 Paraview export

At the SuperComputing 2010 conference, a tutores given by
members of Kitware, Sandia and Oak Ridge NatiorsdisLusing
Paraview, a multi-platform, open-source scientifisualization
tool. The tutorial included the visualization ofsegle timestep
dataset of pressure and temperature for a heaiadirsp disc.
The tutorial developed color maps, contours, cgttislanes,
streamlines and glyphs from the data. We export8® Xrom
Paraview and used this model for testing severahersive
display platforms in the VT Visionarium (Figure 2).

Figure 2: The Spinning Disc data set from Paraviewendered
from X3D in the VT Visionarium VisCube

The Fraunhofer IGD team connected the details omadd events
to click the 3D model and show numeric temperaaume update a
graphic pointer on a 2D thermometer legend. Thamgle is in
on the X3DOM website under ‘Data Picking’.

Tools Paraview
Features | «  Meshes, surfaces and glyphs
e Color
Lessons |« Interactive 2D + 3D information spaces dre
possible

4.2 Science on a Sphere
In 1995, the National Oceanic and Atmospheric Adstiation
(NOAA) created Science On a Sphés®©S), a system designed



to display visualizations projected onto a physisalhere of 68
inch diameter hanging in the middle of a large rodw of 2010,
the system had been installed at 49 museums wald\8].
NOAA has worked to provide funding for installatioand
maintenance of SOS.

NOAA has made all SOS video datasets availablééar, online.

The SOS datasets are published as conventional MPEGvie

files but they are meant to be mapped to a spi@esequently,
the spatial reality and impact of global featureseduced when
the data is displayed in a 2D movie player. We tgped a proof
of concept that uses X3DOM to portray the videoe $#lected
three videos 2D Form and through 2D HTML elementsvide

control for: which video to load, which navigatistyle to be
active, and a ‘reset view’ button. Video files wéranscoded to
OGG Theora for X3DOM publication. For the Reset Wiave

cloned the original viewpoint, created a new one set the new
copy to be bound using a javascript method we ddfim the

HTML page.

A screenshot is shown in Figure 3 and full detafs our
experiences for this application can be found in [9

Welcome to the World of X3D, featuring Scienceona
Sphere!

Choos%&nce on a Sphere visualization: Daily Commercial Air Traffic

vcb 3D

50"

&
Select a navigation mode: Examine (Drag mouse to orbit)

+ [ ResetView |
Technologies used in this Demonstration

What is X3D?

X3D is the ISO standard XML-based file format for representing 3D computer graphics. The scene of this demo is

written in X3D.
Read more about X3D on Wikipedia.

What is X3DOM?

5. DOMAIN 3 — Homepage Design

5.1 Musician

In another interesting case, we developed a condepta
musician’s website that included several ‘floatir8p elements
over the 2D webpage. Using the transparency oK8i2 element
through CSS, we overlaid the models using X3DOMjxl
X3DOM.css. These included animations of wirefrani2 t&xt,
curved rotating geometry with alpha transparent BNgBd a 3D
pointSet of a guitar.

This is another example where ISO standard VRML X80
serve as a powerful common denominator. We usedr¢leetool
from sourceforge, insight3D to process a set o2[4images of a
guitar into a colored 3D point cloud that captutiess main shape
and features of the guitar. The point cloud waetepl as VRML
and converted to X3D. We animated it in translatiscale, and
rotation. To add a more visual substance to the finesentation,
we doubled the points and offset the second graupits
translation so that they were easier for the eywack. Figure 4
shows a screen shot of a page with an animatedt ptod
overlay (guitar, top center-right).

oooooo

You can also get Kat Mills CDs or Downloads on Amazon or DigStation
indi the whole CD -

TOWNIE (2009)

Recorded live at Sage Hill, Schuyler VA
Produced by Stuart Gunter and Kat Mills

i by Mark i i
Charlottesville VA

A personal and reflective collection of nine songs: great aroowy, live fesl. Spontaneous
and close up.

TWO (2006)

Figure 4: Screenshot of Musician website mockup

Tools * insight3D.sourceforge.net
e Vivaty Studio

e Notepad++

Figure 3: Screenshot of the SOS example showing Hai
airtraffic

Tools ¢ X3D-Edit
*  Vivaty Studio
Features | «  MovieTexture mapped to Sphere

. HTML Form elements drive 3D content

Lessons |« broad-based video format support is still

difficult, trans-coding is required
*  X3D Prototypes are not supported

Features| « A colored point cloud — pointSet
 DEF/USE
. Linesets, alpha PNGs

« Animated scale, translation, rotation

Lessons| o Fallback model is crucial to web-wide distributio

5.2 CS Professor

In a similar vein, we built a world from severaliging resources
such as the Web3D logo and the X3DOM earth.pnge lgain

the Coordinates of an IndexedFaceSet were re-usedar

IndexedLineSet. Both the mesh and polygon logo®weimated




to spin and in the case of the former, scale ak @ighilarly to the
example above, we spanned the X3DOM model overatpp of
several 2D elements, creating a striking pop-ouecef A
screenshot is shown in Figure 5.

For this case, we added the attribute shadowlriter@i7’ on the
DirectionalLight. This computed dynamic shadows tife
animated geometry on the ground platform. The piatf‘Box’,
on which the earth.png was mapped, was convertednto
IndexedFaceSet and refined (subdivided 3x by ttem)gso that
the shadow was computed and rendered with suitastdution.
Figure 5 shows a screenshot of the homepage.

Bookmarks Tools_Help

hitp://people.cs:vt.edu/~npolys/

€2 e covtedu

Hello my name is Nicholas F. Polys, Ph.D. | have been working to build compelling, interactive 3D visualization
systems since 19981 If you want to talk about collaboration, please email me at: npolys at vt.edu .

You can see my latest CV here; here is a link to the lab 1 am managing and developing: VT's Visionarium

I:am currently Director of Visual Computing for Virginia Tech Research Computing It a great mix of
research, mentoring, managing visualization facilies, and developing visualizations for the lastest

and e-Desian 1 am also an Affiliate Professor in the Department.
Computer Science where | teach an occasional class such as Intro to HCI, Media Computation, or Information
Visualization and Graphics and GUI P

*Here is a link my homepage with the VT Computer Science Department,
which also has links to my publications * [l

My favorite areas of R&D are: |

* Graphics and Interaction Design (Visualization and Virtual Environments)
« Prototyping, Modeling, Asset Management i
« Serverand client-side scripting and programming :

Java, Perl, C++, UNIX. PHP, Python, ECMAScriptiJavaScript, OpenGL.
. i tion and :

X3D, VRML, XML, XSLT, SQL, HTML

Above you have interactive X3D + HTMLS through x3dom.org!

Industry &
Academic
Experience

Current
Research:
3D Information
Displays,
Interactions, and
Architectures.

1:am investigating cognitive approaches to interactive visualization in virtual environments. Specifically. | am
interested in perception and information design for embedding and coordinating multiple information types
inside 3D environments. Recent work highlights the use and advantages of open standards such as XML and
X3D for “Information-Rich Virtual Environments".

For web publication, we down-sampled (bicubic) 2@48 2
textures to 1024. We did not reduce the Coordipa¢eision of
the source model. This environment was processezessfully to
X3DOM and although still heavy (8 MB world, 12 MBxtures),
it ran quite smoothly on a 2010 era, mid-rangedppfigure 6
shows a large-format rendering of the VT Centettlier Arts.

Mozl Firefox
Ele Edit View Higtory Boo
£ X3DOM - home

ey——— -

ol
:,'.a)' ‘ -

Virginia Tech Center for the Arts

X3D model with X3DOM rendering in HTML / Web3GL
Nicholas F. Polys and Dane Webster

Figure 6: Screenshot of the VT Center for the Arts
walkthrough

Tools e Architecture firm, contracted (Snohetta)
e Unity

e Luxology modo

In conjunction with Virginia Tech Research Computing, we are applying our methods to the visualization of Featu res . B aked | | g ht mapS
simulation data from VT's High-Performance Computing facilities. For example, architectural design & structural
Bl sa sl e * PNG alpha textures
Figure 5: Screenshot of a faculty homepage Lessons |+ emissiveColor on Materials might need to e

Tools e Vivaty Studio
e X3D-Edit
Features | «  CSS styling for transparent background

* dynamic shadows

Lessons

Lines cast shadows

6. DOMAIN 4 — Building Visualization
6.1 VT Center for the Arts

Virginia Tech is currently building a new Center the Arts, a
sensor-rich, reconfigurable performance spacewhiablend art
and engineering in novel ways. In preparation fsr ground
breaking, the architecture firSnohetta provided an exterior 3D
model of the building and immediate landscape. &Hidss were
processed by the VT School of Visual Arts to X3De \&kported
X3D from modo and used this model for testing saver
immersive display platforms in the VT Visionarium.

removed from model

¢ X3DOM can handle 8 MB of scene and 12 MB
of textures at interactive rates

* models are not protected from duplication

7. DISCUSSION AND CONCLUSION

Extensible 3D (X3D) provides the interoperabilifyprtability,
and durability that is the greatest common denotamdor
‘Enterprise 3D IT'. Across six use cases and foamdins, the
ISO standard for declarative scene graphs, Exten8ib (X3D),
provides a capable greatest common denominatoinferactive
3D communication. The clear mapping of worlds pstéid to
X3D and then X3DOM opens a huge opportunity for the
publication of ¥ class, native, interactive virtual environments on
the web. While the X3DOM node set and event sercsatie
different from the 1ISO X3D Interactive Profile, auntatic trans-
coding provides a clean mapping to the X3DOM tdg se

The W3C Declarative 3D Community Group is the ceofethis
design and development evolution. We have openedid?a’s
Box to native Deep Media on the web. Now web dewels can



author interactive 3D web environments and intedam their
idiom- OpenGL and WebGL expertise is not neededX3BOM
proves, CSS and scripting principles of HTML 5 adign with
proven declarative scene graph structures. Cleaalyye Web3D
web clients that share declarative scene graphsremage these
information objects through a common Document Gbjéodel
(DOM) is a reality.

This set of case studies gives proof to the questiat a greatest
common denominator for interactive 3D (X3D) can digned
with recent W3C standards such HTML5. Further irdégg with
sensor models and 2D graphic standards is thestegxtfor X3D,
perhaps as a new ISO Profile (formalized node g&t) lives
comfortably on top of WebGL and dovetails with teegent
systems underwriting the web information ecology.
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