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1. Introduction

In recent years, architectural and urban design meetings using VR to
share 3D images have been held in a single room and at a certain
scheduled time at practical level.

Virtual Design Studios (vpbs) have been constructed exploiting new
computing and communication technologies (wojtowicz 1994, Maher 1999, Kvan
2000, Matsumoto 2006). VDS system developments and design trials of an
asynchronous distributed type are mostly used allowing stakeholders
to participate in the design process at various places and at different
times.

Mobility of people's activities and cloud computing technologies have
progressed rapidly in the period of information and globalization.



1. Introduction

In this research, we defined the following research questions:

“How can a design team advance their design study in a distributed
synchronously type of environment by using the cloud computing type
of VR (cloud-VR) and its annotation function — allowing freehand
sketching in a 3D virtual environment?”
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2. Cloud Computing Type VR and Experimental

2.1. Annotation Function of Cloud-VR Plan

3D-VR contents are transmitted by the video compression technique of
the H.264 standard from the cloud-VR server.

Real-time 3D rendering in the server is quickly transmitted and do not
require a well-GPU-equipped computer for client. More than 10
participants can share a viewpoint, alternatives, or the VR setup in
synchronisation.
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2. Cloud Computing Type VR and Experimental

2.1. Annotation Function of Cloud-VR Plan

When using 3D virtual space to study design approaches, stakeholders
expect to be able to draw sketches and add figures and memos on the
3D virtual space. The annotation function has been developed and
presented to realize this requirement (sun 2013).
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2. Cloud Computing Type VR and Experimental

2.2. Experimental Plan Plan

To consider the case of a collaborative architectural design meeting,
we assumed an early design stage project to reconstruct a low layer
residence which had become obsolete due to collective housing

BRYRIRINE TS the target site:

= 17.6m in building width, 6.8m in building depth, 12m in road width
= Building coverage ratio: 80%
= Floor area ratio: 600%

= A Dbusiness district, a fire protection zone




2. Cloud Computing Type VR and Experimental

2.2. Experimental Plan Plan

Three designers who were in different locations, used Windows PCs on which
were installed cloud-VR and Google Hangouts as a video conference system.

= Designer 1 in Chiba, Japan: Architect with practical experience and created
an architectural plan.

= Designer 2 in Osaka, Japan: Good skills in VR operation and understood
the current situation of the target site well.

= Designer 3 in Heidelberg in Germany: Documented the experimentation.
Experimentation: July 2013, 2Days
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3. Results and Discussion

3.1. Reappearance Design Process by Real-time Short
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3. Results and Discussion

3.1. cloud-VR Connection 2011-2014. 10




3.1. Results: Design Process DAY 1

3. Results and Discussion
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3. Results and Discussion

3.1. Results: Design Process DAY 1
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3. Results and Discussion

3.1. Results: Between DAY 1 and DAY 2

Designer 1 created the drawing in the schematic design phase based
on the initial sketches made on DAY 1. Then, Designer 2 created a 3D
virtual model of the building by using SketchUP and imported this to




3. Results and Discussion

3.1. Results: Design Process DAY 2

A more detailed design
examination was
carried out.
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3. Results and Discussion

3.2. Discussion

Through the collaborative design work over two days, the
synchronously and remotely cloud-VR meetings with freehand
sketching function were finished as we expected. The annotation
function was used effectively when Designer 1 drew the zone shapes
of space composition, the volume shape of the planned building etc. in
the schematic design phase.

Using the annotation function, a designer can draw directly by
overlapping the sketch in 3D virtual space. Design activity has
traditionally been carried out only in the imagination of the designer.
Owing to the annotation function, design participants could share a
concrete design image and could study the design interactively.

On the other hand, in an actual design work, it is hard for a designer to
study a design only by using the screen of a VR perspective drawing.
For an accurate understanding of the scale, orthographic drawing are
also required.
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3. Results and Discussion

3.2. Discussion

Technical problems with the annotation function were found:

When a designer will draw sketches, the operation authority must
be passed from the designer who previously had the operation
authority. In order to pass the operation authority, it is necessary to
terminate the annotation function once after saving. During the
meeting, this operation interrupted the designers’ conversation and
thinking.

During a designer drawing a sketch using the annotation function,
the viewpoint of the 3D virtual space could not be moved. In the
experiment, the designer who was sketching requested a function
to zoom in/out on the design object more.

If the 2D sketch drawn was converted into a 3D model automatically,
a quicker study from various viewpoints can be possible.

19
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4. Conclusion

This research investigated the possibilities for synchronously
distributed cloud-VR meetings in an architectural design process.

The experimentation of collaborative design work at the early stage of
a housing renovation project was executed. The synchronously
distributed cloud-VR meetings with freehand sketching function were
finished by three designers in two days. The proposed system to share
a 3D virtual space In regard to viewpoint, plan, sketch and other
Information synchronously and remotely was examined.

The annotation function was used effectively when designers drew the
zone shapes of space composition, volume shape of the planning
building and so on.

Through the experiment, some problems of the proposed design
environment and the annotation function were clarified. Future work
should attempt to solve the problems.
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