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Abstract. This paper outlines the work and organizational framework of
World16, a working group of 16 professors from around the world that engage
in collaborative research on virtual reality (VR) technologies. Because of the
abundance of VR software and the resulting fragmentation of research efforts
in this field, World16 shares knowledge and resources using a common software
package. A common research platform facilitates the sharing of data and the
coordination of research efforts among member professors spread around
the world. In addition to the organizational practices of World16’s project
management team, various tools and methods of sharing research are described.
Additionally, World16’s major research projects are outlined as well as the
successes and failures of working within a shared software platform. Lastly,
future work and goals of World16 are discussed, including the marketing and
commercialization of several computational tools created by member professors.
Keywords. Virtual Reality; 3D graphics; City Modeling; Parametric Modeling;
International organization
1. Introduction
Virtual reality (VR) technology has been commonly
used since the 1990s in a broad array of professional
and academic fields. Online VR technologies, such as
VRML (VRML 2010), Shockwave (Adobe 2010), X3D
(X3D 2010), and Virtools (Dessualt System 2010),
have been used in many commercial web sites. VR
devices, including mounted displays, tangible interfaces, and touch sensor gloves, have also been developed for both broad and sometimes extremely
specialized purposes. This fragmentation of markets
for VR technology makes it a diverse and rich field

with an abundance of potential for establishing new
links between various user and developer groups.
In architecture and urban design, most VR technologies have been used simply to visualize static 3D
cities and buildings. Not only does it take significant
time and labor to develop detailed 3D objects such
as buildings and streets, but the effect of data-heavy
models in real-time simulation limits the size of larger city models viewable on conventional home or
business computers. Additionally, advancements in
gaming technology have set an increased standard
for VR city simulations, such that vibrant lighting effects, intelligent vehicle traffic, pedestrian activity,
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and even accurate gravity and wind dynamics must
also be included. The inclusion of these factors, however, often results in simulations that can only perform well on workstation computers that include the
latest graphics and processing technologies.
The current academic framework in architectural
studies often excludes VR research and development
on account of these various complexities. As most
universities have very few scientific/engineering researchers (not an end-user) in design programs, it is
difficult to find adequate time for discussion and collaboration in this field. Additionally, conferences enable the sharing of conceptual knowledge, but often
not techniques or tips on VR applications. Finally, because many different VR tools exist, most researchers use different platforms to develop VR data. As a
result, it is difficult to share research findings, data,
knowledge, and skills. It is important to establish a
community on the premise of developing solutions
to these and other challenges in VR research.

2. Background
This section introduces the worldwide working
group to develop VR city applications, and the background of the World16 project.
From 2006 to 2009, we (the authors) led the Digital Phoenix project, which was an interdisciplinary
academic research project at Arizona State University to develop digital contents and computational
tools for visualizing and simulating various urban issues. In the project, we developed a VR city model
covering 2 mile x 1 mile area of downtown Phoenix
(Kobayashi 2006). We visualized the past, current and
future skylines of downtown with more than 500
buildings, several hundred roads and intersections,
and thousands of virtual vehicles controlled by traffic signals. We also simulated the driving behavior in
different traffic conditions generated in the downtown model using a driving simulator (Grasso et al
2010). The Digital Phoenix VR model won consecutive awards at the Tokyo Design Festival in 2007 and
2008, was featured in Phoenix Mayor Phil Gordon’s
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2008 State of the City Address. It has also been used
to visualize numerous urban design, sustainability,
and traffic planning simulations to benefit Phoenix’s
urban core.
Through this project, we established a good
pipeline to create VR city models. We also obtained
the skills and knowledge of making terrain data
from DEM files and satellite images, importing and
exporting various 2D and 3D files between several
tools by writing scripts.
We also collaborated with more than ten researchers and students from computer science, social science, urban planning, architecture, graphic,
and industrial design programs at Arizona State University. During the Digital Phoenix project, we also
collaborated with the developers from Forum8 Co.
Ltd, which is a company developing and selling a VR
software package tool (Forum8 2010).
In order to develop more advanced VR applications, we started a worldwide working project
named World8 on VR city modeling and visualization
in 2007 sponsored by the company (Kobayashi et al
2009-2). Originally the project was started with 8 researchers and now we have 16 members representing universities in the United States, Canada, Chile,
Japan, Taiwan, United Kingdom, Italy, United Arab
Emirates, and Bahrain.

3. Problem Statement
There are many problems on developing VR city
models of various countries. We classify the problems into 4 categories; 1) difficulty with the collection of data, 2) sharing of knowledge and application
of various design tools, 3) difficulty of communication with people from different countries, and 4) Collaboration with a software development company.

3-1. Difficulty on Collecting Data.
The first step of making a VR city model is to locate
the terrain data for the site to develop. It is necessary
to define the file format, covering area, and resolutions (grid size). Some countries have an online site
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where a lot of geographic information system (GIS)
data is downloadable, but many do not. It is very important to find a good pipeline to create terrain data
in the same way for anywhere in the world. Otherwise, it may take too long of a time to find the available data, especially for a worldwide project. There is
also a need for satellite or aerial images to use with
the terrain data. Other problems occur if the terrain
data and satellite images have different scales, and
therefore do not matchup.

3-2. Sharing and application of Various Design Tools
Developing advanced VR applications that allow users to fly through a city requires a certain skill set. The
VR developer must have knowledge and hands-on
experience of 3D computer graphics and various
computational tools. 3D modeling skills using high
end CG software packages like 3DS Max or Maya
are very important to develop low polygon models
with baked textures in order to make a realistic VR
environment. In many cases programming skills are
required to convert from ASCII data such as an OBJ
file to binary data such as a 3DS file. If animated 3D
characters are visualized in the environment, the
knowledge to control vertex weight and export the
data as an animated mesh is required. These experiences are very important to know which tool can
work and which case requires customized tools for
efficient modeling.

3-3. Difficulty of communication with the
people from different countries
It is often challenging to work with researchers
from different countries, cultural backgrounds, and
languages in an organization that primarily communicates remotely. Time lag is one of the most
troublesome issues involved in the coordination of
professors spread around the globe. As a result, it
can take a few days to solve even a small technical
issue. The time differences between the US, Europe,
and Asia result in delays of up to a day or more in
simple email communication. It is very important,

however, to streamline communication as much as
possible. Otherwise, it is difficult to stay motivated
and continue to problem solve. Email communication can be frustrating on the support level, as many
of the members run into similar problems as they
learn the pipeline to use the software. This results in
many emails from different members asking for help
with the same technical issue. International phone
support is another option to help, but it is costly for
both parties involved, and due to time differences
can be very inconvenient.

3-4. Collaboration with a software development company
The last category is the requirement of immediate
technical support from the software developing
company when a commercial tool is used as the visual platform. The SDK is required to customize the
computational tools. It is much better if we can communicate with the software developer to support
technical issues in this customization. Since many
World16 members are using the software in new
and unique ways, unforeseen problems will arise.
Direct communication with the software development team is an essential part of this problem solving process. It is also important if there is a chance
to talk with the company executives who are open
our proposals. This line of communication to the decision makers in the company results in the proper
delegation of company resources to support our
project development.

4. Method and Approach
This section shows our approach to solve the problems described in the previous section. We developed a framework to create a site model in a short
time. Some computational tools are developed to
make an automatic and efficient process by implementing in MaxScript, Delphi, Java, C++, Excel Macro, etc. The projects found in sections 5-2, 5-3, 5-9,
and 5-10, contain additional tools that are further
explained.
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4-1. Pipeline of City Modeling
The process begins when digital elevation models
(DEM) Data is collected from www.gdem.aster.ersdac.or.jp (Aster GDEM, 2010). This website is a joint
project between The Ministry of Economy, Trade and
Industry of Japan (METI) and the National Aeronautics and Space Administration (NASA) with data collected from the ASTER satellite. Data for the entire
world is downloadable online for free. The original
DEM image file is downloaded as a geoTIFF DEM at
3600 x 3600 pixels for 1degree latitude and 1 degree
longitude (it is not rectified). We developed a tool to
extract a part of the DEM for a 10km x 10km or 20km
x 20km site. Finally 30m x 30m grid terrain mesh is
generated using our developed tool in Java.
The satellite images are collected from Google
Earth Pro. Using a mathematical calculation, we are
able to put place marks on Google Earth that represent two corners of the same Geo-coordinates of the
useable DEM data. Images are extracted from Google
Earth Pro at 4800x4800 jpeg, and then cropped and
tiled in Photoshop CS4. The terrain an imagery is
then imported into the VR package used by World16
By using this pipeline and our developed tools, it is
possible to create the base terrain data with satellite
images in a few hours for anywhere in the world.

4-2. Online Communication
Because World16 is a global working group, most
collaboration and sharing of resources is done using
the Internet. A project management team based in
the United States is comprised of expert technicians
trained in the use of the shared software package.
We use an online technical support forum, creating
interactive tutorials and video lessons.

2010). The software allows for a multitude of data
types from industry standard applications to be imported and simulated in a real-time 3D environment.
The use of a common software platform enables
World16 members to share data and collaborate
more easily. Modification of the Software Development Kit (SDK) allows members to write their own
computational tools when necessary. Several of
these tools are described in the Case Studies section
of this paper.

4-4. Workshop and Symposium
Two annual events are hosted in person and offer
a chance for members to work together and learn
from each other. The first is a workshop in which
members share and learn new methods to aid in VR
research innovation, and the second is a symposium
to showcase the work of each World16 member. At
the workshop, members present their current and
planned research, guest speakers demonstrate the
latest advancements in VR technology, and training
sessions are held by the project management team
on upgrades and advanced functionality of the VR
package, data creation techniques, and the use of
new computational tools. The workshop also functions as a live forum for sharing ideas, and provides
World16 members with a rich collaborative experience that enhances their research endeavors.

5. Case Studies
The projects described in this section are the culmination of over two years of VR research and were
presented at the 3rd International VR Symposium,
World16’s annual exhibition in Tokyo, Japan.

4-3. Use of the Same Platform

5-1. Pisa 3D City Model

World16 members collaborate on research in their
primary fields of study (including architecture, civil
engineering, urban design, 3D city modeling, parametric modeling, computer graphics, digital art, and
history), and visualize their endeavors with a common VR software package, UC-win/Road (Forum8

This project is to visualize a redevelopment strategy
for alleviating tourism related parking and traffic
congestion issues around Pisa’s Miracle Square. Additionally, a proposal for a new shopping colonnade
and mixed-use structures surrounding the Miracle
Square is also visualized in the simulation. The
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model integrates shapefile data containing building footprints and heights for the majority of the
Pisa city center, Google Earth satellite imagery, and
terrain XML data accurate to about 30 meters. Realtime traffic simulation is utilized in order to show
how traffic congestion changes following the series
of infrastructure developments around the Miracle
Square.

the lighting conditions. The 3D animated characters
are visualized in a VR environment in real time. The
input device is implemented in the Proceeding programming language using the Arduino microboard
connected to 9 light sensors. A client Socket class
in Proceeding and a server Socket class in Delphi are
used to communicate between the microboard device and the VR package.

5-2. Real-time synchronization of physical interactive interface and a VR Model

5-3. Highway Noise Pollution Simulation

This is a project to develop a system to interactively
control and visualize a crowd of 200 people using
light sensors and hand movement. The input device
is a set of light sensors located as a 10cm grid. Each
human model in the crowd can behave as an intelligent agent, and change direction corresponding to

This project visualizes the extent of highway noise
pollution in downtown Orlando, Florida. The 3D
city model was developed using a combination of
photo-textured buildings and mass models. The
less detailed mass models were made to look more
realistic using texture baking, a common practice
in the video game industry in which shadow and

Figure 1
Aerial shot of Pisa Simulation
(left) and proposed colonnade
design (right).

Figure 2
Diagram of project components (left) and the finished
user interface (right)
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Figure 3
Orlando traffic simulation
(left) and noise pollution visualization (right)

lighting information is rendered onto an object and
saved as an image file. This allows the front-end visualization software to maintain a realistic aesthetic
without calculating complex light and shadow information, thereby increasing performance on slower
machines.
In order to visualize noise pollution in 3D, the
paths of individual vehicles driving on the highway
were recorded in UC-win/Road and then exported
into 3D Studio Max. Using an algorithm, the sound
generated by each vehicle was calculated and visualized as blue nodes that fade in accordance to their
intensity falloff.

5-4. Next-Gene Project
This

project

introduces

a

luxury

housing

development visualized in a VR environment, allowing homes to be explored in real-time under
various weather conditions, lighting, and times of
day. House interiors and exteriors are modeled and
placed on accurate terrain data and satellite imagery.
Roads with AI traffic are also simulated in the scene.
This method of architectural assessment (within the
VR software) provides a level of interaction that cannot be reproduced in animation or still renderings,
as users are given complete freedom of movement
from pedestrian, vehicle, and bird’s eye perspectives,
as well as access to dynamic visual effects.

5-5. Building Structural Components and Materials
This project resulted in the creation of a real-time VR
Figure 4
Aerial of housing models and
terrain (left) and an interior
design (right)
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Figure 5
Torry Academy campus model
(left) and view of structural
components (right)

model of Torry Academy and the de-construction
of a housing complex by each primary component.
The purpose of the model is to visualize different insulation types and their effects on heating/cooling
efficiency. Upon further development, the goal of
this simulation model is to use 4D visualization of a
building with sustainable insulation materials.

for this simulation are all based on photographs, historical documents, and other data collected from the
1800-1900 CE period of Ras al-Khaimah. 3D motion
capture technology was used to develop animated
characters with historically appropriate clothing, as
well as animals that were commonly seen on town
streets.

5-6. Historic Preservation Using VR Simulation

5-7. Algorithmic Modeling as a Design Tool

This project centers on using VR technology as a
means to replicate historical landmarks and significant characteristics of Ras al-Khaimah, an emirate in
the United Arab Emirates. The interactive simulation
will be used as a media-rich educational tool, integrating 3D graphics, sounds, historic images, and
video. The 3D building models, historical artifacts,
character models, animals, and vegetation created

This project describes research involving the creation of 3D city models within the constraints of an
algorithmic framework. The purpose of this research
is to create a design tool that can be used to understand spatial relationships within a predefined set of
constraints. In the VR scene produced in this project,
auto-generated roads were imported into UC-win/
Road using XML coordinate data and spline curves.

Figure 6
Views of historical artifacts
(left) and architecture (right)
in Ras al-Khaimah

Simulation and Visualization, Prediction and Evaluation - eCAADe 28

599

3D buildings were also created automatically using
CityEngine (Procedural, 2010) and were imported
into the VR model as .3DS files. The resulting VR environment demonstrates how algorithmic tools can be
used in tandem to easily create immersive 3D cities
in a fraction of the time and cost that manual creation methods involve.

5-8. Highway Repair and Public Awareness
This section introduces a VR model constructed to
act as both a public education tool, and as a design
tool for discussing the best means of redeveloping an
old highway interchange with numerous safety concerns. The simulation highlights structural concerns,
as well locations where redevelopment could bring
positive changes to surrounding neighborhoods.

The research combines VR with information graphics
to create an intuitive and media-rich communication
tool.

5-9. City Design Tool
The procedural modeling application developed in
this research, called City Design, is a plug-in for 3D
Studio Max that sequentially models, textures, renders, and exports a city model for use in VR environments, gaming, movies, and other applications. The
plug-in automatically generates 3D urban environments based on four inputs including two drawing
files and two image files (Kobayashi et al 2009).
The plug-in exports and packages the 3D city
model and associated baked textures as .3ds files
and .jpg images. A supplemental application was
Figure 7
Visualization of CityEngine
components and parametrically generated roads

Figure 8
Combination of information
Graphics and 3D Virtual
Reality

600

eCAADe 28 - Simulation and Visualization, Prediction and Evaluation

created using Delphi (Embarcadero 2010) that allows the completed city model to be visualized in
UC-win/Road.
The tools developed in this project yielded an
automatically generated test model containing rural, suburban, and urban core zones. The test model was created by a single user in a fraction of the
time it would normally take a team of modelers to
complete.

simulated VR model of Osaka, Japan were created.
A web camera searches for a red signal (created by
the laser pointer) on the miniature model every second. Once the red signal is recognized, the position
on the physical model is translated to the coordinate
in the VR environment and the camera is moved to
that position. The end user can control the views
interactively and intuitively without using mouse or
keyboard. The system is implemented in C++.

5-10. Interface Development between Physical model and VR model

6. Discussion

This project’s focus is to develop a computational
tool to change the viewpoint in a VR environment
corresponding to a laser pointer pointed on a physical model. Both a miniature physical model and a

Without a good production pipeline, too much
time is spent on the VR model creation process.
Time is wasted in the trial-and-error allotment and
sequence of tasks as there can be many unplanned

Figure 9
Automatically generated
building (left) and CityDesign
test output (right)

Figure 10
System Diagram (left) and the
image of final output (right)

Simulation and Visualization, Prediction and Evaluation - eCAADe 28

601

steps. Unplanned tasks often divert more time than
anticipated and lead to disorganization of both the
project and the team as a whole. At that point, key
changes cannot be made without incurring huge
costs, and deadlines can be easily missed. The implementation of a creative and effective pipeline helps
to keep the projects from spiraling out of control.
Good management strategies help facilitate creativity, while disorganization leads to both a bad output
and a lack of creative direction. By using our approach, we were able to support the creation of 10
different VR city models in a few weeks.
The tutorials exercised in the summer workshop
proved to be effective ways to spread knowledge
and proficient use of a common software platform.
We developed ten one-page tutorials, which can be
completed in 10-15 minutes. This was helpful for the
World16 members to keep their motivation and concentration instead of using lengthy, confusing tutorials (10+ pages, several hours long) where users can
easily lose focus. The one page tutorials were also
printed into a book that each member could use as a
reference for later work. After the live workshop, the
majority of collaboration between members is done
online, via World16’s development forum, Skype
communication, and email.

7. Conclusion and Future Work
•

•

•
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We introduced World16, a worldwide working
group, and explained the VR applications that
were developed by the members.
We categorized the problems of developing VR
city models, and showed our pipeline as the solution.
We will develop more advanced VR models and
applications over the next two years through
research and collaboration Previously designed
World16 tools will be integrated with new techniques to provide a rich learning experience at
the annual summer workshop and fall symposium.
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