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Virtual Reality

Technology m
igrates into applications

Build scalable architectures

M
ulti-sensor extensions of im

m
ersive virtual environm

ents

Real-tim
e 3D integration of real objects

Design extensible application program
m

ing interfaces (APIs)

Allow
 collaboration



M
ission

Allow
 users to m

eet and collaborate in virtual
w

orlds using advanced graphics, vision, com
puting,

and netw
orking techniques

Developm
ent of advanced collaborative virtual

reality applications

Build a prototype of a highly im
m

ersive projection
and video acquisition environm

ent for
collaborative w

ork



The blue-c is a project to develop both
technologies and applications.

The blue-c team
 is com

posed of groups from
 ETH

Zurich w
orking on hardw

are, softw
are, interface

design, interaction, visual recognition and
applications for the project.

The blue-c



The blue-c
Key-features

Im
m

ersive

Distributed and connected

Collaborative

Photo-realistic three-dim
ensional acquisition

and rendering of users
No avatars



The blue-c
Applications

M
edical sim

ulation

Location-based entertainm
ent

Architectural and engineering design

Digital collaboration in product design and
developm

ent



The blue-c Team

M
ultiM

edia Laboratory
Departm

ent of Com
puter Science- University of Zurich

Com
puter Vision Laboratory

Departm
ent of Inform

ation  Technology and
Electrical Engineering - ETHZ

Com
puter Aided Architectural Design Group

Departm
ent of Architecture - ETHZ

Center of Product Developm
ent

Departm
ent of M

echanical and Process Engineering - ETHZ

Com
puter Graphics Laboratory

Departm
ent of Com

puter Science - ETHZ



Project Tim
eline

blue-c I
(M

ar. 2002)
Prototype 1 (JAPE)

(N
ov. 2000)

blue-c II
(M

ar. 2003)

Em
ulation and test environm

ent

Projection environm
ent setup

Hum
an acquisition and rendering

Application building interface toolkit

Application design and developm
ent

O
bject extraction

Com
m

unication layer

today
(Dec. 2002)
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Ph.D. O
verview

1
1

Com
puter Vision Group
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4
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Patents

Tactical Patent
“Verfahren, Vorrichtung 

und Gerät zur Erfassung von 
Bilddaten”

PCT/CH01/00383

Tactical Patent
“System

 und Verfahren
zum

Erzeugen
von 3D-Bilddaten”

Nr. 2002 1044/02

Tactical Patent
“Projektionsvorrichtung

und 
Verfahren

zurW
iedergabe

und Erfassung
von 

Bilddaten”
Nr. 2002 0436/02



Com
puter Graphics Laboratory

Developm
ent responsibilities:

SO
FTW

ARE developm
ent and program

m
ing:

M
ultim

edia netw
orking and com

m
unication

Application program
m

ing interface

3D hum
an acquisition and rendering



Center of Product Developm
ent

Developm
ent responsibilities:

HARDW
ARE developm

ent and installation :

Projection screens

Stereo projection hardw
are

Construction of the blue-c  portal

Applications

Synchronization of com
ponents (electronics)



Com
puter Aided Architectural Design

Developm
ent responsibilities:

CO
NTENT

Interface Design
Physical design of the blue-c
W

ebpage design and public relations

Applications



Com
puter Vision Laboratory

Developm
ent Responsibilities:

INTERACTIO
N and RECO

GN
ITIO

N:

System
 calibration (cam

eras, illum
ination)

Fore- / background segm
entation

Silhouette extraction
3D hum

an m
otion (gesture) analysis



The blue-c

Design

A collaborative im
m

ersive virtual environm
ent



Project Goals
O

verview

Developm
ent of collaborative virtual reality prototype and

applications

Technology of a highly im
m

ersive projecton and video
acquisition environm

ent of collaborative w
ork

Allow
 user to m

eet and collaborate in distributed virtual
w

orlds



Goals Phase I

Build and connect tw
o prototypes together

(ETH-Zentrum
,  ETH-Hönggerberg)

Real-tim
e 3D acquisition and com

position of real hum
ans

in virtual environm
ents

Navigation interface and protocols
Com

m
unication interface and protocols (collaboration)

Stereo projection and local (real-tim
e) 3D rendering

Video and audio transm
ission via netw

ork
3D head tracking and 3D interaction devices
Selected applications: architecture, m

edicine, product design

Initial prototype design and construction of a three-sided,
single-user collaborative virtual environm

ent



Phase I
M

ilestones

O
ne stand-alone blue-c system

 including all hardw
are

and softw
are com

ponents

Autum
n 2002 (anticipated)

First blue-c portal com
pleted

Located at the RZ building at  ETH Zentrum
Com

prises m
ost hardw

are com
ponents of the final system

Four patents filed

Sum
m

er 2001

Located at ETH Zentrum
 and ETH Hönggerberg

Link tw
o blue-c system

s
Spring 2003 (anticipated )



Technology

Hardw
are and Softw

are



The blue-c
First blue-c portal



Com
ponents

Hardw
are

M
ulti-pipe projection (three stereo projection units)

M
ulti-cam

era video acquisition (16 cam
eras)

Rendering Server

3d video stream
 processing (PC cluster)

Active illum
ination (strobes)

Tracking

Spatial audio and speech
“Active” projection screens



The blue-c
Basic idea

Projectors and cam
eras

are behind the screen and
thus not visible to the user



The blue-c
System

 Setup

g
ra

p
h
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en

g
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a
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a
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16
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m
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16

 syn
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n
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n
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a
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Active Illum
ination

Synchronization: cam
eras, projectors, lights, screens

le
ft eye

 illu
m

in
a

tio
n

rig
h

t eye
 illu

m
in

a
tio

n

a
ctive

 lig
h

t



Screens
Shuttered w

alls and synchronized cam
eras

w
alls opaque

opaque
opaque
opaque
opaque –

no acquisition, projection
w

alls trtr trtrtranspar
anspar
anspar
anspar
ansparenen enenentt ttt –

acquisition, no projection



Com
ponents

Softw
are

Application program
m

ing interface
Distributed scene graph
Hum

an integration

M
ultim

edia stream
ing

Event synchronization
Netw

orking and com
m

unication

Point based (3D video) rendering and com
positing

3D reconstruction incl. system
 calibration

Segm
entation

Hum
an 3D acquisition and reconstruction



Hum
an 3D Acquisition

Real-tim
e 3D reconstruction

Progressive com
pression and transm

ission

Real-tim
e rendering

Com
positing

Deferred operations, e.g. re-shading

Acquisition of the user
Up to 16 cam

eras



Real-tim
e 3D acquisition pipeline

Hum
an 3D Acquisition
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Acquisition setups

acquisition setup 1

acquisition setup 2

Hum
an 3D Acquisition

Sm
all-scale setups for real-tim

e
video acquisition and
reconstruction

Based on 4-6 firew
ire NTSC

cam
eras

Linux cluster for processing and
rendering (6-8 nodes)

CO
RBA com

m
unication services



Silhouette Extraction

Silhouette extraction from
 pre-

segm
ented im

age

coarse to fine -
m

ulti-scale approach

Can be used to trade-off
visualquality and perform

ance



New
tw

orking and Com
m

unication

V
o
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o
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m
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Application Program
m

ing Interface
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Applications



Fashion Show



Infoticles



M
useum

Cheess

Painter

EgoView
er

Subspaces

Landscape
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Contacts

tel.:     +41 1 632 71 14
m
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Prof. Dr. M
arkus Gross

Center of Product Developm
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ent of M

echanical Engineering
CLA E32, ETH
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Tannenstrasse 3
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-8092 Zürich
Sw

itzerland

tel.:    +41 1 632 23 58
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eier@

im
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Contacts

tel.:    +41 1 632 52 83
m

ail:  vangool@
vision.ee.ethz.ch

Com
puter Vision Group

Departm
ent of Electrical Engineering

ETH
 Zentrum

Gloriastrasse 35
CH

-8092 Zürich
Sw

itzerland

Prof. Dr. Luc Van Gool

tel:     +41 1 633 40 33
m

ail:  hovestadt@
arch.ethz.ch

Com
puter Aided Architectural Design
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