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Tomohiro Fukuda, Ryuichiro Nagahama, Atsuko Kaga and Tsuyoshi Sasada

This paper reports on a collaboration support system
for city plans or community designs based on virtual
reality (VR) or computer graphics (CG) technology. It
reports on an extension to an ongoing research
programme, and in particular it introduces the
developments of portable VR equipment, and an
expression method using CG to enable the realistic
viewing of night scenes, and application to real
projects.
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1. Introduction
A design development process for a city plan or a community design which
includes both daytime design and nighttime design is a kind of a social
activity. As such it is very important to collaborate with many participants
who are not only professional people such as planners, designers, engineers
and administrators but also non-professional people such as clients and
citizens [1]. To respond to this we have developed a “VR/CG-based
Collaboration Support System”.This system is capable of providing a
dynamic virtual experience of a city plan or a community design, allowing
many people at a time to examine it through VR scenes. It can also be
effectively used as a design or communication medium and, consequently,
substantially improve the efficiency of design and review. Once a 3D virtual
space is constructed (normally based on design drawings) participants who
wish to view the VR environment can select portable VR equipment [2] or
dome-screened VR equipment [3] according to their needs, to experience
and evaluate the design.We have also described an expression method using
VR to allow for the realistic viewing of night scenes [4]. And we have also
applied and evaluated our latest system to real projects.This system also
allows people to have a better spatial feeling by use of virtual walking,
comparison of multiple plans, and the making of design changes interactively.
In this paper, we focus on the development of the extended portable VR
equipment and the expression method using CG, to allow for the realistic
viewing of night scenes, and we show application of the augmented system
to real projects.

2. System improvement
In the sections below we describe the details of the extended portable VR
equipment and expression method using CG to allow for the realistic
viewing of night scenes.

2.1. Extended portable VR system
The portable VR system is based in a PC environment (Windows
95/98/NT/Me/2000 /XP).The software applied in that environment consists
of a VRML (Virtual Reality Modeling Language) browser (Cosmo Player
2.1x) and a JAVA applet on a Web browser (Netscape Navigator 4.0 6~4.78
or Internet Explorer 4.x~5.5).The following explains the main functions for
the portable VR system:
1. Project participants walk-through and bird’s-eye view in a 3D virtual
space.Their position and orientation in a 3D virtual space are
represented on a 2D map in real time. If a participant changes their
position and orientation by dragging the mouse on a 2D map, the
viewpoint in the 3D virtual space is changed and represented in real
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time. The field of view is also changed. When the user selects a wideangle view, they see all the world.When they select a narrow-angle
view, they see their immediate environment.
Users can compare multiple plans, daytime design and nighttime
design interactively.
Users are able to translate and rotate a design element, and create a
new design variant by loading a new design element such as a tree or
a illuminator from a 3D database.
The user can change a texture or a color of a design element such as
pavement or building facade interactively.
It is possible to measure and quantify an element in the 3D virtual
space.

In the stage of development described here we have created the device
driver software to connect the portable VR equipment with a VR in/out
device. One of the VR in/out devices is named “Window-VR system”.This
consists of a 17” display with touch screen, handgrip buttons that emulate
joystick buttons, and three-degrees-of-freedom orientation tracking.The
display is suspended in the air. Project participants grasp the handgrip
buttons on both sides of the display and also use the touch screen to
operate the 3D virtual space in a more intuitively and friendly way.With this
device driver software, a driving simulator system can also be applied.The
following explains the specification of the software:
1. A design participant can rotate or tilt the display with the handgrip
buttons or navigate with a joystick when they want to review the
design.
2. Numerical values of position or orientation are acquired from the
three-degrees-of-freedom orientation tracking system if the display is
rotated or tilted, or if the joystick is operated.
3. Acquired values are translated to a VRML spatial frame of reference.
Then the new viewpoint data is calculated.
4. The new viewpoint data is represented in the 3D virtual space via a
VRML EAI (External Authoring Interface) [5].

c

Figure 2. Comparison of a

c

photo(Left) and existing CG(Right)

Figure 3. New expression method
applied in CG (Left: eye effect; Right:
camera effect)

2.2. Expression method using CG to allow for the realistic
viewing of night scenes
A real urban night scene produces an impression of bustle with a mass of
different illuminators. On the other hand, when a night scene is represented
by CG, an emission part of an illuminator is usually represented by painting
over with an emissive color.With this method a distant night scene using
CG is often represented as far too dark, partly because of resolution.To get
rid of the difference between actuality and CG, to represent a night scene
view is usually re-touched. But there is a lot of manual effort involved in re-
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Figure 1. Connecting the portable
VR equipment with the VR in/out
device

Portable VR
Window VR

An actual distant night scene produces an impression of
bustle with a mass of illuminators.

a scene of operating Window VR

A distant night scene in CG is represented as being too
dark.

In CG, a method of bump mapping which assumes
infinitesimal shutter time is used.

In photographs, especially night ones, the exposure
time must be quite long which results, effectively, in
superimposing reflections from undulating waves on
the water surface

BLOOM
CORONA

EXPOSURE
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touching and it is difficult process involving trial and error.To solve this
problem and simulate a more photo-realistic night scene, we developed
three functions in the “Inspire”, lighting simulation software [6].The
following explains the functions:
1. BLOOM: a bloom glare (bright spot around a bright pixel – such as
that in which a light source is located) is simulated [7].
2. CORONA: a corona glare (bright spot with rays emanating from a
bright pixel) is simulated.
3. EXPOSURE: effect control for photo-like rendering [8]. Zero means
ordinary rendering which assumes infinitesimal time.Values other
than zero make sense only if exposure textures are present in the
scene. In photographs, especially night ones, the exposure time must
be quite long which produces particular effects. For example in
Figure 1 the long exposure time results effectively in superimposing
reflections from undulating waves on the water surface that, in turn,
is available with the exposure texture. The value of exposure time for
the rendering should be decided with a time interval (end time)
defined for the exposure texture.

3. Application of the system to the real projects
To evaluate the system that has been developed, we have applied the
techniques to a number of real projects.These projects are described, along
with the techniques used, in the sections below.

3.1. Street of retail stores in Japan
This project is for a street of store renovations in the U city government in
Japan.This street is located in a center of commerce in U city. But in recent
years commerce in this area has lost its vitality. In Japan this problem is not
only this area, but also in many other areas. From the 1960 ’s, which was a
period of the high growth in the economy, until now, residential areas have
been developed in the suburbs of Japanese cities. Many public and private
facilities have also moved to the suburbs. Fewer people live in the centre of
the city.And the central area of the cities in Japan are not well suited to the
high levels on modern motor transport. Consequently stores in the centre
of cities have tended to lose out to suburban supermarkets.
To aid revitalization of this street we have continuously supported this
enterprise with our VR system, for about two years from April 2000 .
Participants in the development process are composed of the U city
government, planners, the chamber of commerce, the Town Management
Organization and inhabitants.The VR system is used in design study meetings,
not only among professionals (weekly) but also among both professionals and
inhabitants (monthly).This is useful for simulating the plans and sharing the
agreed design images with participants.There are four steps in the process:
466
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1. We made the 3D virtual space representing the actual world based
on ground plans and photos of building facades.
2. We simulated replacement of street lighting and the arcades.
3. We used the 3D virtual space to try out four road alignments: 1)
straight alignment, 2) curved alignment (two patterns) and 3) branch
alignment. Project participants compared plans and agreed on the
direction of curve alignment. The participants reviewed the changes
from a driver’s and a pedestrian’s sequential view.
Figure 4. street of stores renewal
enterprise

Step 1: the actual world

Step 2: simulation of putting
up electric wires in the
ground and removing poles
and arcades

Step 4: comparison of landscape design

c

Step 3: comparison of four road alignments

Figure 5. Interface of the portable
VR system (Step4)

measuring a scale in a virtual
space

setting viewpoints and showing
user’s position and orientation on
the 2D map

comparing multiple alternatives of
gardening spaces, symbol trees,
illuminators, bollards and
pavements interactively
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4. We augmented the 3D virtual space with a landscape design.
Participants compared the multiple design alternatives (that included
planted areas, trees, benches, lighting equipment, bollards and
pavements) interactively.
In the near future, the building facades will be designed with the aid of
the VR system.

3.2. Ballpark renewal project (Night Scene Design)
This project is referred to as the H ballpark renewal project.The architect
created the concept of the ballpark that would be like MLB (Major League
Baseball) ballparks. A typical characteristic of MLB ballparks is that the form
is not linearly symmetrical. The site of this project is along the Shinkansen
line.The architect designed the low stands behind the left fielder in such a
way that passengers of the Shinkansen can have a glimpse of the baseball
game taking place inside stadium. Baseball games are usually held at night for
about 65 days a year. But for the rest 300 days when there are no games,
the stadium also has a function as landmark of this city.The architect
collaborated with the lighting designer to design for both the 65 days and
the 300 days. Because the evening views were critical for this scheme, the
lighting designer initially suggested to the architect, that he did not have a
suitable design proposal presentation tool. At that stage presentations were
limited to the re-touched CG still images. It was clear that the Project
participants could not understand the design intentions from this kind of
design image. This led us to apply the “BLOOM” and “CORONA” functions
to the visualizations in the VR environment.The result was that
understanding between participants was improved and the design could
then be reviewed and revised in a satisfactory way.
.

Figure 6. H ballpark renewal project
(Left: 65 days when there are games;
Right: the remaining 300 days)
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4. Results and conclusion
With this system, participants have been able to design and review city plans
or community designs in real projects in a more comprehensive and better
understood way.The features that we have been able to provide through
the enhanced VR environment are not provided by physical model,
perspective drawing or conventional CG.Also, it is clear that these projects
show the potential of collaboration through computer visualized media. In
our future work, we are aiming to create more photorealistic VR and CG
images.
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