lara

£—8 EHEAEREEREMEEERERSOEEES

11 EXEE
(simulation)
(simulation)
(strategy)
Virtual

Environment, VE Dataglove
Augmented Reality (see-through head-worn

display)

1.2 RS

Internet

121 IREN—F

XE - MEXME

UCCB Virtual Reality Lab, CANADA

%~ lRIFIRE



[ )

® 3D : 3D
[ :

® 3D HMD

[ )

® 3D : 3D
®

[ )

®

e 3D

® Java

® C++ (Windows API/MFC)
®

[ )

ETC-Lab (The Ergonomics in Teleoperation and Control Laboratory), CANADA

%~ lRIFIRE

augmented stereoscopic

MUL-Lab (Multimedia/Usability Laboratory), CANADA

3 - BRIFIEE
(hypertext)

(browsing & authoring)

IST's Visual Systems Laboratory (VSL), University of Central Florida

MEBR
3D

Human Interface Technology Laboratory, HITL

A=Y

1983 HITL
1989 VR
M%E -« lR¥FIRE



Technology development

® new interface technology

® displays

® aternative input devices

@ tracking devices
Human factors

® human perception

® human factors research
Technology integration

® interface design

@ system integration
Technology evaluation

® development of metrics

® evaluation procedures

® usability analysis
Teaming
Consortium building technology licensing
Teaching
human interface technol ogy
human factors
curriculum development
training

VETT: Virtual Environment Technologies for Training (VETT) Group,

Research Lab of Electronics at the MIT

MEBE

VETT

Virtual Reality Laboratory (VRL) at the University of Michigan (UM)

%~ lRIZIRE
°
°

GVU Center, Georgia Tech

MEBE

%~ lRIFIRE



(Animation )
(Biomedical Imaging and Visualization)
(Cognitive Approaches)
(Computer Supported Cooperative Work)
(Data Visualization)
(Design for Usability)
(Digital Culture)
(Educational Technology)
(Future Computing Environments)
(Information Design)
WWW(Internet and WWW)
(Multimedia)
(Software Visualization)
(User Interfaces)
(Virtual Environments)

GVU Center Virtual Environments Group, Georgia Tech

MEBEE
W% - BRIFER
(toolkit)

GIS

HMD

The Graphics and Visualization Center, NSF Science and Technology Center

MEBE

(computer graphics and scientific visualization)

modeling, rendering, interaction, and
performance Brown University, the California Institute

of Technology (Caltech), Cornell University, the University of North Carolinaat Chapel Hill, and the
University of Utah

Graphics Group, Department of Computer Science, College of Arts and Sciences, The
University of North Carolina at Chapel Hill

% - lRIZIREE



Augmented Reality system
Nanomanipulator Project
PixelFlow Project

Telepresence Research Group
Head Tracker Research

The Walkthrough Project
Geometric and Solid Modeling
Rendering Curved Surfaces
Interactive Collision Detection
Plenoptic Modelling

Ultrasound Visualization Research
Model Simplification

GRIP molecular graphics project

Program of Computer Graphics, Cornell University

A=Y

%~ BRFFIEHE
the simulation of three-dimensional, time-dependent phenomena
fields of mechanical engineering, engineering mechanics, medical imaging, perception psychology,
architecture, art, and animation scientific visualization and
designing future software and hardware graphics workstation environments
the three-dimensional modeling of very complex environments and algorithms
for realistic image synthesis
light reflection models, methods for determining the interaction between diffusely
reflecting surfaces, techniques for improving the computational efficiency of ray-tracing, parallel
processing strategies, micro-geometry surface modeling, motion control, dynamics, constraint

modeling, perceptual issuesin graphics, and a host of other problems related to complex modeling
and realistic image displays

The Virtual Environment/Interactive Systems Program

National Science Foundation (NFS) Engineering Research Center (ERC) for Computationl
Field Simulation (CFS) & Mississippi State University School of Architecture

A=Y

%~ lRIFIRE



grid generation

domain specific integrated research project
computational fluid dynamic laboratory
scientific visualization

computing systems

education

microsystems prototyping laboratory

The Visually-Coupled Architectural Walkthrough Project
Complex Oceanographic Data Visualization Project
Visualization of Structured and Unstructured Grids

Virtual Reality Laboratory (VR Lab) of National Center for Supercomputing
Applications (NCSA)

MEBEE
(University of Illinois at Urbana- Champaign)
(NCSA) 1985 NCSA
NCSA (VR Lab)
NCSA

Visualization and Virtual Reality Group (VVRG)

IEA=E
(Department of Commerce) (National Institute of
Standards and Technology, NIST) (Information Technology Laboratory, ITL)
(Information Access and User Interfaces Division, IAUI)
(VVRG)
VVRG

3 - BRIFIEE
® working with private industry, academia, and government to develop evaluation
methodologies and reference sets,
® conducting research in visualization to support the development of these test and
evaluation methods, and
® building visualization and VR prototype systems for application areas such as
manufacturing, information retrieval, and collaborative work.

BN =

10



VEGA (Virtual Environment, Graphics & Applications)

Department of Computer Science at the University of Hull, England

ISR
°

CAAD, department of architecture, ETH, Zirich, Switzerland

%~ BlRFFIEE

® Model Based Design: Existing Cases of Designs are used as Intelligent Objects for
Interactive Modeling in 2D and 3D

® Sculptor: The Tool for Spatial Architectural Design allows Interactive Real-time
Modeling with Solids and Voids

® ZIPBau: Improvement of communication in the building process and verifying the
developed concepts in industrial projects

® |uK: Information und Kommunikation - The goal is to design and engineer an
information, communication and collaboration design system for the Swiss AEC
industry

® Agents: Intelligent Interface Agents for Navigation, Sound and Cost are combined with
the VR modeling tool Sculptor

® Alter Ego: An automated learning environment with personel agents for every student,
which guide, motivate and reflect the actions in the information space

® CASDET: A computer tool sustaining the teaching of structures in introductory courses
of architectural design

® DIPAD: The development of atool that integrates state-of-the-art photogrammetry
techniques in an easy-to-use CAAD environment

Lab for Virtual Interactive System, Stuttgart, The Fraunhofer Institute for Industrial Engineering
(IAO), Germany

% - RIEEE
® Architecturein Virtual Environments
Entertainment and Infotai nment
3D Acoustic
3D Scanning
Multi-User VR
Web VR
Virtual Prototyping
Assembly Planning

To Mt E

11



£181E54 1 (Visual Information Laboratory) » BAREFE LM

A=Y

M5~ lRIFIRE

° (BRIGHTS):
o
o
°
o
Woodhouse &
Dziewonski(1984) Dziewonski(1984) Tanimoto(1987)
1
°
o
°
2.
°
o
3.
4.

13 B ERTEEEREA LRNHRME—5

GVU Center Virtual Environments Group, Georgia Tech

=INE%ETZER (Conceptual Design Space Project, CDS)

12



CDS 3D

CDS
3D CDS

CDS

CAD

The Simple Virtual Environment (SVE) Toolkit
SVE

VE

School of Civil Engineering, Georgia Tech

Interactive Visualizer, IV

13



v

The Interactive Construction Visualizer (ICV)-Winter 1991
(Construction Visualization)

Interactive Visualizer Plus Plus (1V++)

Graphics Group, Department of Computer Science, College of Arts and Sciences, The
University of North Carolina at Chapel Hill

The Walkthrough Project

14



Architectural Visuaization Research

b) <) d)

Program of Computer Graphics, Cornell University

Falling Water
Ben Trumbore Ray Tracing
ray tracing

The Virtual Environment/Interactive Systems Program

National Science Foundation (NFS) Engineering Research Center (ERC) for Computational
Field Simulation (CFS) & Mississippi State University School of Architecture

The Visually-Coupled Architectural Walkthrough Project

CAD

Virtual Reality Laboratory (VRL) at the University of Michigan (UM)

15



Barcelona Pavilion
Mies BarcelonaPavilion

1)

2) (immersive)VR
3) VR

4)

5)

6)VRML

7)

CAAD, Department of Architecture, ETH Zirich, Switzerland

Soundspace
ETH

1) CAD CAD
2)
3)

15
Soundspace

Computer Graphics and User Interfaces Lab, Columbia University

Architectural Anatomy

16



Augmented Reality (see-through head-worn display)
Augmented Reality

(Building and Fire Research Laboratory, BFRL)
(National Institute of Standards and Technology, NIST)

architectural walkthrough
NIST CFAST

(Fire Research Station, FRS) (Building Research
Establishment, BRE)

JASMINE

NASA

3D

17
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ETE B

2.1 BEhaiR AR5

(simulation)
(model)
(strategy) 1.
2.
3.
2.2 IhEe B E UL A
1990 VR 1989  Virtual Reality
Graphics, Visualization, Simulation, VR
Graphics and
Visualization Center 1991 GVU Center (Graphics,
Visualization & Usability Center ) 1993
Virtual Reality Laboratory
VR VR

17



(National Science Foundation,
NSF) 1990 Engineering Research Center for Computational Field Simulation
(ERC for CFS) 1991 1989
(Human Interface Technology Laboratory, HITL)

(University of Washington)
(Washington Technology Center, WTC)
1983

ERC for CFS (Mississippi State University, M SU)

Graphics and Visualization Center
(computer graphics and scientific visualization)

Brown University, the California Institute of
Technology (Caltech), Cornell University, the University of North Carolina at Chapel
Hill, the University of Utah.

VR
VR NASA
[ )
[ )
° VR
[ )
2.3 ZERER et
231 BEREZTRiRE
HITL 8000 4400

18



(visual display lab) (spatial sound lab)
(virtual simulation lab) HITL
HMD VR

IST, University of Central Florida GV U Center, Georgia

Tech 2-1
2-2
1)
°
°
2)
3)
ETH
UNIX Internet
Holographic -
VR
2-3

19
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v

v

v

v

2-3ASL

ETH

24 AHER - HEAEEI DT

241 NNER ~ HERBAEFGN ¢

CFS
Visualization Center 5

21

ASL

v

Midi

buffer

3D

Stereo shutter

3D

HMD

2-3

HITL
Graphics and




2.4.2 1AM ZEE

HITL 4
(consortium)
1995 27 29 (faculty
associates) 2-4
Director
Associate
Director
Admin. Finance Special Consortium
Director Director Projects Manager
Technical Cybarian
Support
Director Director Director Director
Engineering Software HF/Interface HITL Learning
Development Center
2-4 HITL
CVU Center
® (Internal Relations) (certificate programs)
GvU (interdisciplinary research seed
grant program)
® (Industrial Relations)
® (External Relations) GVU WWW
® (Director for Education)
® (Director for Service and Computing)

22



2.5 IR AT

NIST 3300 1250
NIST 1996 ($810 million)
NCSA (National Science Foundation, NSF)

(NASA) Defense Advanced Research Projects Agency

2.6 TR BIRBEEE D

(1)
2 ©)
4 (construction schedule)
(5)
2.6.1 VR FEFHIEE 71|52
1. SREEHE
o (Conceptual Design Space Project, CDS): GVU Center Virtual

Environments Group, Georgia Tech

® Graphics, Visualization and Usability Lab Walkthrough: School of Civil
Engineering, Georgia Tech

® The Walkthrough Project— Architectural Visualization Research: Graphics
Group, Department of Computer Science, College of Arts and Sciences, The
University of North Carolina at Chapel Hill

® ARCHITECTURAL WALKTHROUGH
Sharon Stansfield “VIRTUAL ENVIRONMENTS FOR
ARCHITECTURAL WALKTHROUGH: THREE APPLICATIONS’

1.
MRS(Monitored Retrievable Storage) walkthrough

23



2.
WIPP walkthrough WIPP Waste Isolation Pilot Plant

3.
HOT CELL walkthrough WIPP VR

® The Visually-Coupled Architectural Walkthrough Project: National Science
Foundation (NFS) Engineering Research Center (ERC) for Computational Field
Simulation (CFS) & Mississippi State University School of Architecture

2. BEEH
® Soundspace, CAAD: Department of Architecture, ETH Zrich,
3. #EHETTE - EERUIEE
(Construction Visualization)

® The Interactive Construction Visualizer (ICV) School of Civil Engineering,
Georgia Tech

® [nteractive Visualizer Plus Plus (IV++): School of Civil Engineering, Georgia
Tech

augmented VR
HMD VR
HMD (joist)
X11 Window System

® Architectural Anatomy: Computer Graphics and User Interfaces Lab, Columbia
University

4. Bss

o (Visual Information Laboratory)

5. MEHELE
® Falling Water: Program of Computer Graphics Cornell University

24



BRRER « EEIERIER
® Barcelona Pavilion: Virtual Reality Laboratory (VRL) at the University of
Michigan (UM)

® Falling Water, Program of Computer Graphics, Cornell University

i SRRl ke

)

)

)
o joystick
® SGI  Crimson VGXT

® serial cable

® stereo Crystal Eyes
) joystick

°

°

°

® X Windows Motif
® SGI Performer

o Unioersity of Nancy Fasse  Paul
EDF

25



2.6.2 VR iR BIL 2 FER

(Georgia Institute of Technology)
(Data Visualization) (interactive display)

14

] GIS 3D

2.7 I©\&E

° (virtual testbed)

26



F=8 HRBERIEEN

31 IR E T —

BRSXREFD « BHEE EEFERZ (Scientific Visualization Laboratory, SVL)
MEEE

VR
Provide Open VR TestBed for researchersto do VR research and develop VR application
Present VR research and technology with practical examples
Help users solve VR problems
VR Projects Collaboration
%~ BRFFIEHE
Virtual Reality TestBed
VR Technology for Bridge Construction
Flow Stream Visualization
Car Crash Visualization

TERAMAZERE © EhsEEEN TEMR R

A=Y
3C

3C

% - RIFIEE
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Image-based VR

BEABENIFEER  BEEZEREERZE Computer Graphic Group

%~ BlRFFIEE
@ 3D graphics
® virtua reality
® visuaization
® medical images

TBABEANHER S EHERERE

MEBRE
CAD/CAM
(real-time virtual reality)
visualization)

3 - BRIFIEE

® computer graphics,

® scientific visualization

® virtua reality

(medical

RRABENTIEMER - HRRERERERERE

%~ lRIZIRE

POIRBENTRESER « SEREERREERE

% - RIFEE
(Distributed Interactive Simulation, DIS

BT AT ERMBREF TR - ERIRIEERE

% - RIFEE
°
°
°

28



3.2 R E AR
(National Center for High-performance
Computing, NCHC) (Scientific Visualization Laboratory, SVL)

Computer Graphic
Group 3D The
SpaceWalker building walkthrough system HMD

(Computer Graphics Lab.)

(Distributed Interactive Simulation, DIS

VR

3.3 BIAERERERER

76%
AutoCAD CAD
12% 15% 3D
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3D

3D

(polygons)

CAD
15%
3D

3D

3D

30

2D

3D

3D

3D

2D



5.1 TRBERERERERR

2)

1) 2) 3)

5.2 B E S RMEEXTNAE

4, (VR)

5.3 MR IEEHE S

40

5-1

1)

3)



5-1
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5.4 TRBER B E R K

1-2

42

2~3
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5.5 IRBEREREA DR

(customization)

5-1
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5-1

a4

5.3




CG

5.3
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5-3

5.6 IRBRRERE A

5-2

5-2
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SGI

3D
PC

SGI PC

3. HMD(1-glass)

5-3

LT *6m°/ =42 m?

..30 m2 100 m2

a7




.23 *6m’/ =138 m’
. 100 m*

2

40 m 400 mz

. 100 m*

.20 m?

. 100 m’

5-4

360°

3D
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5.7 iR EBIEHEE

&
ke ZE TN T

5-7

5-5

5-5

5-6
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5-6

100

60

40

60

20

40

320

5-7
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5.8 THBEREREZHAR
5-8

5-8

5-9 5-12

5-9
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5-10

5-11
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5-12

5.9 TRBEREREREIAR

5-13
5-13

B0 1 2 15
B0 1 2 15
B0 1 2 15
6 10 5

10

85 12 10 86 5 31
18
270 600
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5-14

5-14
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5-15

5-15

153

15

10

46

25

30

10

30

17

18

242

19

780

1401
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5.10.1
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5.10.2

5.10.3
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OVUM

VR VR
CAD
1,200
Services
Peripheral=s
Software
Harctware
1995 1906 1997 1995 1999 L0 20
VR 1995 2001
VR
1.
2.
3.
4,
5.
6.

5.11 RiEEAERERMEBREZNT
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(virtual environment)

VR
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5.

6.

7.

8.
[ ]
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5. 12 BEErEE I M EIZ252

5. 121 iRBRHBERZHREAMTHESFERIRE

61



BRE

5.12.2 IREEBERER T REHBEHE

5. 12. 3MRBRHEREREIMITHES(EHINER
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