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Preface

After one year, the major actors in the field of cooperative design, visualization
and engineering gathered together again by the side of the beautiful Mediter-
ranean Sea to exchange the research and development experience in the field.
CDVE 2005 served as a forum to promote the research in the field and it attracted
great attention from the CDVE community. This year, we received contributions
from over 100 authors, 5 continents and more than 20 countries.

As we can see, great progress in research and development has been achieved
since the last conference. We received papers on cooperative design, cooperative
visualization, cooperative engineering and other cooperative applications. As an
important trend, the researchers have started to attack the problems in CDVE
from a more generic base. We are happy to see contributions such as constraint
maintenance, decision support, and security enforcement for CDVE. Case studies
and application-specific developments are among the cooperative visualization
papers. Along the line of cooperative engineering, knowledge management, re-
configurability, and concurrency control are major issues being addressed.

Cooperative working in design, visualization, engineering and other areas has
different degrees of cooperation. I classify them as strong cooperation, interme-
diate cooperation, and light cooperation. Strong cooperation involves real-time
multiple-user multiple-location modification to the same workspace. Light coop-
eration exists in the applications where the basic working relationship is only
information or workspace sharing among the cooperative entities, no modifi-
cation to the workspace is involved. Therefore, any application that is shared
by more than one single user can be considered as a light-degree cooperative
application. Any application between these two extremes can be considered as
intermediately cooperative. Our conference addressed the common and specific
issues of all of them.

I would like to express my thanks to the Program Committee and the numer-
ous volunteer paper reviewers for their generous contribution to the conference
which made it at a high-quality event. Without their support, the CDVE 2005
conference would not have been successful.

September 2005 Yuhua Luo
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Building a CSCW Infrastructure Utilizing an
M&S Architecture and XML

Jenny Ulrikssonl, Farshad Moradi', Mattias Liljestrom?,
and Nicholas Montgomerie-Neilson®

! Swedish Defense Research Agency, Department of Systems Modeling,
172 90 Stockholm, Sweden
{jenny.ulriksson, farshad.moradi}@foi.se
http://www.foi.se
2 Royal Institute of Technology, Stockholm, Sweden

Abstract. CSCW applications provide virtual spaces for human-human coop-
eration. Within Modelling and Simulation (M&S), CSCW support is highly
beneficial but, as in most single-user applications, not natively provided. Exter-
nal support, such as infrastructures for creating or adapting applications for col-
laborative work, is generally missing in the CSCW community. At the Swedish
Defence Research Agency we study the possibilities of defence CSCW, for the
primary intention of collaborative M&S. Since most of our M&S complies with
the HLA (a distributed simulation architecture), HLA appeared as a candidate
for building a CSCW infrastructure upon. Thus we have designed and devel-
oped a prototype of a CSCW infrastructure, based on a combination of HLA
and XML. The goal is to provide a foundation for developing CSCW applica-
tions, and for adapting existing applications to collaborative work. This paper
presents the design and development, and experiments conducted for verifying
utilization of HLA and XML for the purpose.

1 Introduction and Motivation

CSCW (Computer Supported Cooperative Work) is a term often used for human col-
laboration in computer environments. CSCW enables people to share applications and
tools, and at the same time communicate, to collaboratively perform or solve tasks.
Hence virtual spaces for human-human cooperation can be created to support people
and organizations to overcome geographical distances. The problem is that most sin-
gle-user applications are specialized for their purpose, and do not naturally provide
CSCW support. External support, such as infrastructures for developing CSCW soft-
ware or adapting existing applications to collaborative work, is generally a missing
part within the CSCW community.

At the Swedish Defense Research Agency (FOI) a project called NetSim conducts
research activities concerning among other things the possibilities of collaborative
M&S within the defense. The need for a CSCW infrastructure was identified within
this work, and the lack of such existing ones determined. Consequently, the decision
was made to develop our own. Most M&S within our research complies with an IEEE

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 1 — 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 J. Ulriksson et al.

standardized simulation architecture called the High Level Architecture (HLA), and
the architecture came to mind as a potential candidate technology also for CSCW.
The technology requirements for building a CSCW infrastructure are many, and HLA
not only provides some of them, but also offers additional valuable features. But the
question that rises is: is HLA really suitable for use in distributed CSCW?

We propose an infrastructure for CSCW that is based on a combination of HLA
and XML (Extensible Markup Language). The design has partly been implemented in
a prototype called Collaborative Core (CC), which is based on a replicated distributed
architecture. All information transmitted in the system is structured according to
XML information models, and HLA services are used for transmission and other
functions. Performance experiments have been conducted to verify both the use of
XML for the purpose, and for verifying the combination of HLA and XML as the
foundation of a CSCW infrastructure. The result confirmed the suitability of our pro-
posal, but also revealed some HLA limitations that must be considered.

This paper presents the proposed design and the developed CC prototype. It also
presents experiment results, our conclusions, some recommendations, and future
work.

Clarifications for the reader: when further on discussing nodes, we mean client
computer environments (i.e. PCs with a client using it). When referred to, one node
hosts only one client (though in reality a node may host several clients). When dis-
cussing applications, what are intended are the applications used for collaboration
(i.e. shared tools) within a collaboration session, and not the application providing
CSCW services. A collaboration session is a session that transpires whenever two or
more users jointly and concurrently perform tasks using interconnected software.

2 NetSim and HLA

At FOI we have performed research within network based M&S for several years.
Recently we initiated activities concerning development of a common platform for
defense M&S, and we believe CSCW support to be a very valuable service in such an
environment. In this work we quickly identified the lack of such infrastructures that
could be easily integrated with M&S applications and within the proposed common
platform, and decided to develop our own.

2.1 The NetSim Project and CSCW

The NetSim project was initiated in 2003, at the Department of Systems Modeling at
FOI. The primary project goal is to study, develop and modify methods and tech-
niques for the purpose of network based M&S, and is described in [1]. One of the
main activities aims at constructing an architecture, and develop a prototype, that can
act as a common platform for defense M&S — the NetSim Platform. Apart from issues
within distributed simulation such as fault-tolerance and distributed execution, one of
the major project actions has concerned exploiting the potential of CSCW for defense
applications. Since defense related operations engage actors which are often spread
over long distances, cooperation is not easily achieved and the correct knowledge and



Building a CSCW Infrastructure Utilizing an M&S Architecture and XML 3

support are not accessed without difficulty. A common defense platform that provides
CSCW support may not replace real human-human cooperation, but can constitute an
essential alternative.

2.2 Collaborative M &S Within NetSim

The area of M&S can substantially benefit from collaborative services, since CSCW
can facilitate the provision of support that is required in the M&S process. Here it
does not only make M&S expertise and knowledge more easily available, but also
activities such as distance training and education more easily accessed. Moreover, the
quality of M&S activities and products can be secured and controlled. The problem is
that M&S applications are specialized for their purpose, and do not naturally provide
support for collaborative services.

As a first attempt to address the problem, a simple prototype of a collaborative
M&S environment was designed and developed [2]. This was based on JXTA' Peer-
to-peer technology. The prototype was dismissed but gave us valuable experiences.
As an example, CSCW support should not be based on an application specific ap-
proach, but rather constitute a more general infrastructure for various applications and
purposes. More advanced support for time mechanisms were also needed. A final
lesson was that it is preferable to use a more mature technology, one that supports
more functionality than the one used. But we identified no infrastructures that suited
above functionality. Various applications support some of the functions we desire, but
none have been successful, and few support all of the desired functionality.

A general problem that developers of CSCW applications face is the complexity of
integrating management of collaboration groups and activities within an application.
As a result, the superior software for most computer-related professional tasks are
single-user local desktop applications, and the dedicated CSCW software tend to lag
behind in other than CSCW functionality [3]. Especially within domain specific ap-
plications, such as M&S applications, this kind of support is rarely seen. Thus we
decided to address the problem through in-house design and development of the
needed infrastructure, a foundation we call Collaborative Core (CC). CC will provide
collaborative services, and should due to the nature of defense operations be distrib-
uted. CC is designed and has so far partly been implemented (see Section 3.1 for more
detail). The development has been performed in close cooperation with two students
from the Royal Institute of Technology [4, 5].

2.3 The High Level Architecture

Whilst parallel simulation aims at reducing the total simulation execution time (so
called speed-up), the science of distributed simulation (DS) has different goals [6].
DS is the M&S answer to the Object Oriented thinking in the community of Com-
puter Science. In DS, simulation components are executed on different computing
nodes and coordinated in a joint simulation. This makes it possible for simulations too

' JXTA is a Java based, open-source Peer-to-peer framework distributed at http://www.jxta.org/
[accessed February 2005].
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large for execution on one single computer to be distributed and executed on several
nodes. Further it facilitates and makes it possible for different kinds of simulation
components to interact, despite residing in different computer environments.

Above features with DS assume simulation component interoperability, namely
that all components utilize a common standard. The High Level Architecture (HLA) is
a framework for component-based simulation systems, originally developed within
the US Defense Modeling and Simulation Office (DMSO) [7] and is the proposed
simulation standard within the Swedish Defense. HLA provides a common communi-
cation structure, and rules for simulation components (so called federates) to follow,
assuring them to be interoperable and able to together act in a distributed simulation
(so called federation) [8]. The federation is managed and communication is transmit-
ted through an implementation of the HLA services, a distributed operating system,
called RTI (Runtime Infrastructure). RTI provides required services, such as:

—  Federation Management — creating and controlling the federation execu-
tion etc.

—  Time Management (TM) — flexible and advanced means of federation
time management

— and Data Distribution Management (DDM) — mechanisms for efficient
routing of information among federates

3 CC Design

When the CC infrastructure was developed, a concept was first designed and pro-
posed. Thereafter technologies for implementation were chosen. The developed proto-
type was a partial implementation of the CC design, and is described in Chapter 4.

3.1 CC Infrastructure: The Concept

The CSCW service in the NetSim platform will be provided as a module that supports
the user transparently with group management and tool sharing services. Applications
using the services will do so without user specific complementary action. CC lever-
ages support and services required for a user to be able to start, administrate, and
participate in computer based collaboration groups, and hence also for sharing tools
and other functions in NetSim. Besides, CC will offer development support for inte-
grating new tools for CSCW. In general, the CC design is comprised by three main
components, presented in Table 1.

Our research and development has focused on the two latter issues. Concerning the
second component, the CC framework will provide a pluggable interface for collabo-
rative applications, and that relieves tools of responsibility for managing user groups,
and most of communication responsibility (discussed in Section 4.3). This way, de-
velopers will be supported in developing new CSCW tools, and in modification of
existing applications to become collaborative. The third component represents
straight-forward services for CSCW group management and administration, including
shared group status and shared areas.
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Table 1. The three CC main components, of which number 2 and 3 are treated in this paper

CC Service Content
1. Communication Means Integrated tools for communication
2. Application Interface API, interface and software as development support for

integrating new tools into CC
3. Group Management Services ~ Creating and maintaining collaboration groups, group
administration etc.

3.2 Requirements and Design Choices

The overall requirements for CSCW in the NetSim platform, and consequently for the
CC module, are described in Table 2. Considering these, some design choices were
made. The last requirement lead us to choose a replicated architecture for the CC, i.e.
all clients execute their own equal set of applications, and are themselves responsible
for taking the correct action, to the retrieved changes from other clients. Replication
was chosen since various client types may have different requirements in terms of
GUI complexity and limited network connections etc. Transmitting only data, and
letting the client specific application process it, is here a suitable solution.

The aim of the CC application interface is to provide support for plugging tools
into the CC. There are two ways of accomplishing this, either by letting CC take all
responsibility, or through requiring modification and responsibility from the applica-
tion. Allowing no tool modifications at all requires a very generic CC interface, which
is hardly possible. Thus we decided that CC can set some application requirements,
with the primary aim to keep modifications at a minimum.

Table 2. Primary requirements for CC

Requirement Significance

Distributed CSCW The environment should be distributed. But this does not
exclude future architecture combinations

Synchronous work The CSCW intended here is immediate and synchronous

Short Persistence Collaboration Collaborative activities within NetSim are assumed to

Groups most often be directly task oriented, i.e. life times of
collaboration sessions are assumed short

Small group sizes Groups are assumed small, 2-8 persons. Considering

scalability and regarding HLA as technology larger
groups are possible. However, that requires social support
to address virtual conflicts etc., an issue not handled here

Various client types Different client types are considered, such as thin clients
with poor network connections. In this regard, we assume
virtual worlds to be too complex for the purpose

3.3 HLA for CSCW?

Since the acceptance as an IEEE standard (IEEE 1516), the area of application for
HLA has been broadened to both non-military and non-simulation areas. An example
is the multiplayer online gaming framework by Vuong et al. [9], and the collaborative
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virtual shopping mall by Zhao & Georganas [10]. The latter made an evaluation of the
HLA as an enabler of collaborative virtual environments, with overall affirmative
results [10].

Using an already existing architecture to build a CSCW infrastructure upon, may
contribute to avoiding unnecessary development. HLA provides an infrastructure with
essential services that beneficially could be used for CSCW, such as time manage-
ment, group management (Federation Management), efficient information filtering
(DDM), and communication management. Moreover it is a mature technology and
standardized. An issue is that the HLA originally was not developed for real-time
applications, something that CSCW applications highly are. Thus, the suitability of
HLA for the purpose must be evaluated. And as stated, one of the challenging issues
for CSCW is consistency management. Advanced, flexible consistency management
has been declared a lacking part in current implementations of CSCW and in existing
systems [11]. Utilizing HLA and the RTI, which provide advanced, flexible time
management, this issue can be addressed appropriately. Moreover, since most simula-
tion within our research complies with the HLA, we assumed it to be a candidate
technology for our purpose.

3.4 XML for the Purpose?

XML (the Extensible Modeling Language) provides a way of structuring information
in a platform independent, human-readable way. XML allows developers to create
their own markup languages, and templates and rules (defined in XML Schemas), that
help assuring the interoperability between data. A very beneficial feature is that XML
efficiently separates data from presentation. In a CSCW infrastructure such as de-
scribed above a lot of information is managed, such as tool specific information, col-
laboration group information and client information. A design choice could be to
strictly follow the technology chosen (here HLA), but to accomplish a more generic
structure and less technology dependent, XML can be used for structuring and han-
dling information. Another reason for using XML is that here various client types are
expected. Using XML, the same information is provided to all participants. At the
client side, parsing of the XML formatted information can allow for user specific
utilization and presentation.

3.5 Combining HLA and XML for CSCW

Concluding the above discussion and our experiences from earlier work, we propose a
combination of HLA and XML to constitute the foundation for a CSCW infrastruc-
ture. It uses XML-based group definitions and a communication infrastructure built
on the HLA.

4 Implementation

4.1 The Prototype

A first CC prototype has been implemented, of which the two main components
were implemented in separate, but closely coordinated tracks. They are described in
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Section 4.3 and 4.4 and in detail in [4, 5]. Besides these, a prototype for the NetSim
environment was developed. A simple user GUI was created along with three simple,
but demonstrative, prototype applications (shown in Figure 1). These were used for
practically evaluating the implemented CC functionality.

4 Netsim Collaboration Demo 1ol x|
File Tools Options Collaborations
Projektgrupp Re
.". Boxtool 0.1 (4#2) o e @ 5] Participation panel 0.1 ¢#3) o e X
File PARTICIPATION PANEL
: Ove Persson
0 32
Collaboration: Projektgrupp R4
LastLogin:  Tue Feh 15 11:20:50 CET 2005

Coliab. time: 10 minutes, 0 seconds

Collaborators
##ms. Erika
Sven Ingvar
Anna Ahigren
Jane Mary Doe

## name=onfine narne=ofine

o B Tetris 0.1(#5)

—_—
NMV-tool 0.1: CollabText (#1) o & B
File

Score: 460

here
[De noteringar som kommunala fastighetsholaget MK 1
IMalma gjort o sina hyresgaster stider mot

kenstaterar D ©)ist

Level: 1

Pause

lbeslut pé fisdagen

IDI skaiver att"det ferekommit hehandling av kansliga
lpersonuppgifer och brotisuppgifter som inte ar forenlig med
lagen,

lnnars 5

Ove Persson typed: § H O client ® server

Fig. 1. CC screenshot. Depicted are three simple tools; a text editor, a box drawing tool and a
game, that are used within a collaboration session. Additional CC features are shown, such as a
Participation Panel (group specific information) and an Activity Panel (alerts tool activity etc.).

4.2 HLA and CC

Two models were considered for organizing the RTI communication at each client,
the first one using only one general-purpose federate” in each node, that managed both
application specific information and group management communication. The second
model, which is the one we chose, considered using one group service federate and
one tool specific federate for each application used within the collaboration. This
implementation leads to several federates within the same client. But having a single
general-purpose federate at each client, handling traffic from an unknown number of
federates while at the same time managing group functions and also tool specific
functions, would lead to a complex design, without significant associated gains in
performance. Besides, applications can have different requirements on time manage-
ment, an issue that is more easily managed if each application has its own HLA
federate.

% Recall that a federate is an individual simulation component (see Section 2.3) that jointly is
executed in a federation (simulation).
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The HLA RTI was utilized as communication medium and for essential facilities
such as Time Management, Federation Management and also DDM mechanisms. The
specific RTI used was the Pitch developed pRTI. DDM provides services for effi-
cient routing of information, i.e. provides means of traffic filtering among federates.
The DDM functionality is in our solution for example used for directing information
(instant messaging), and forming subgroups for communication within collaboration
groups. Furthermore, a distributed lock was implemented using HLA that is used for
restricting mutual exclusion of some methods.

4.3 CC Services

Implemented services of CC address four areas of functionality:

—  Group services — searching, creating, joining and resigning collaboration
groups

—  Settings — administration services for reading and writing information
about tools and members in groups and other properties

—  Communication features — data transmission and data filtering

—  Other features — instant messaging, desktop layout sharing, presence
awareness and activity awareness etc.

The central mechanism of the CC services is the Collaboration Description
(CD). This is the vehicle of all relevant information within a collaboration group,
including settings, member information and status etc. It does not hold tool specific
settings, which are part of the application interface component (see Section 4.3).
The CD takes two forms within CC. Distributed and propagated amongst CC cli-
ents, the CD is implemented in XML. And for facilitated management purposes,
when loaded into client computer memory, the CD is implemented as a DOM
document wrapped in a class called CollaborationDescription. The Col-
laborationDescription provides valuable methods for accessing the data, and
parsing services to and from XML.

CC clients collaborate in groups and sessions, described in the CD, which can be
seen as a replicated state XML information model. A user may create and join sev-
eral groups. The summarized group state is stored in a persistent storage space, when
the last member leaves the group. As a member rejoins the group, he or she initiates
the last saved state and session of the group, through retrieving the last update of the
group specific CD. In the same manner a late-joiner is updated and initiated, using
the CD.

4.4 CC Application Interface

As stated before, it should be possible to plug tools into CC, without much modifica-
tion. This requires a generic interface, which provides communication facilities
among the similar tools used within the same collaboration session. Each application
implements a thin CC interface and the few additional required methods that will be
used by CC.

When an application is started in collaborative mode, CC assures a federate is
started on behalf of the application, and with eventual required settings appended
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from the tool, such as Time Management (TM) mode. The TM decides in what
fashion communication between applications is synchronized and handled, and con-
sequently the consistency mechanism used. The federate’s TM mode can be changed
at any time during a session, without restarting the application. So far two modes have
been implemented, conservative and relaxed, but further development will consider
other types as well.

Applications communicate in the form of messages, and all messages are formatted
in XML and validated towards an XML Schema created for this reason. To support
applications in using, parsing and reading XML, the Application Interface provides
such functionality. There exist three different types of messages, described in Table 3.

Table 3. The communication between CC applications is held through three different kinds of
messages, as described here

Message Type Description

Event General application event. Used for communication
among applications; update events, state changes etc.

Internal Event Federate internal events communicated only between
federates, for example distributed locks

Status Event The collected status of an application at a specific time-

stamp. Used for updating newcomers, restarting a sleep-
ing collaboration etc.

5 Experiments and Results

As presented, HLA and XML were successfully used for developing an infrastruc-
ture for CSCW. The question that remains is whether the performance of the im-
plemented solution is sufficient for our needs. Two kinds of experiments were per-
formed. Primary parameter of our interest here was time, i.e. message transmission
times, since this is an important factor for update time (and that causes delay) and
consistency management in CSCW.

5.1 XML Conversion Tests

The first experiment concerned evaluation of XML serialization. The time con-
sumption of conversion tests in both directions was measured, i.e. to and from
XML. The converter used was XStream3, to comprise information from and to
XML within the applications, when receiving updates and information. It is essen-
tial that the process of doing so is not too time consuming. The test result is pre-
sented in Figure 2 below.

Test bed: 1 PC with 256 Mb RAM, Intel Pentium IV 1.5 GHz processor, running
Windows XP.

> XStream is an open-source package developed by Codehaus. Homepage:
http://xstream.codehaus.org/ [accessed February 2005].
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Average time parsing Strings To and From XML

Time [ms]

1 2 3 4 5 6 7 8 9 10
Size [kb]

Fig. 2. Conversion tests of Java String to and from XML. The X-axis displays the size of
Strings parsed, and the Y-axis the parsing time in milliseconds. As is seen, total parsing time
shows good performance, displaying an even linearity, and very low average parsing values.

5.2 HLA Versus Sockets

Utilizing the already developed and mature facilities of the HLA framework was
successful for the purpose. However, before determining the overall HLA suitability
HLA, some performance tests had to be conducted in order to conclude if using the
M&S architecture conveyed too much overhead compared to more light-weight archi-
tectures. First a pure socket implementation was measured, where chosen message
sizes were evaluated towards message transmission times (transfer rate). Then the
same set of experiments was conducted using communication through the RTI in-
stead. Figure 3 and 4 presents the result of these experiments respectively in two his-
tograms. The same notations are used in both, and results are here displayed for
twenty tests — the 50 kB test is shown front left, and the 1Mb test is shown furthest
back into the diagram. Horizontally, the diagram is divided into millisecond-wide
intervals of transfer-time. Vertical bars show the number of messages for a particular
test that were transferred within a particular millisecond interval.

Test bed: 2 PCs equally configured Pentium III 1GHz, with 256 Mb RAM, running
XP, connected in a LAN with a 100Mbit switch..

The result displayed severe differences between the two experiments. First of all
the HLA was on average slower, but looking merely at the average, HLA compared
with the socket-based solution in an acceptable way. However, the RTI transfer rates
presented strange behavior when sending larger packages. When message sizes in-
creased from 550 kilobytes to 600 kilobytes, a huge increase in transmission times
was observed. When exposing these observations for the developer, Pitch, they ex-
plained that this discrepancy may relate to the complex implementation of memory
buffers that pRTI possess. A number of suggestions for running the experiments, that
for example refer to the use and functionality of the JVM, and trying again were pro-
posed, but have not yet been conducted.
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Number of transmissions

Fig. 3. Socket-communication. Data follows a normal distributed pattern along a linear curve.

~
o
o

Number of transmissions

Fig. 4. pRTI-communication. Here, result shows data is distributed in a multi-modal way.

5.3 Conclusions

Considering the XML tests, the main conclusion drawn was that XML fulfills the
requirements of our purpose, and that the XStream converter successfully was able to
convert all custom classes given to it.

HLA performed well compared to a socket-based system, which verified the use of
it compared to other architectures. However, RTI showed some disturbances when
using large message packets, with sizes above 550 kilobytes, and did not display the
same linear behavior as the socket-based solution. These diverging transmission times

11
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were not acceptable for our solution, and consequently we concluded that those mes-
sage sizes are not recommended if using HLA for the purpose of CSCW and real-time
applications, unless the problem is solved. Despite this, the essential conclusion was
that HLA provided useful functionality that could be used instead of developing these
ourselves, and additional features that were beneficially utilized, such as DDM.

6 Conclusions and Future Work

Results of performance tests show that the HLA communication architecture com-
pares reasonably well with a socket-based. Overall, results demonstrate feasibility of
the CC infrastructure, and of the objective of extending the use of HLA to non-
simulation applications. HLA proved well suited as communication structure for real-
time user interactive applications, and the already built-in advanced functionality in
HLA was beneficially used for CSCW services. Furthermore, XML conversion tests
verified efficient use of XML for the purpose and combination with HLA for CSCW.

Recommendation: Pending resolution of the issues around large-message transmis-
sion, HLA is not recommended as candidate technology for utilization in the purpose
regarded in this paper if typical message package sizes exceed 550 kilobytes.

Future work to adapt full-scale applications to the collaborative framework is in-
vited and planned. Furthermore, more advanced synchronization (and consistency
management) will be considered, and the efficiency of respective time management
mechanisms for the purpose of CSCW will be evaluated. And last, more extensive
HLA experiments, to resolve the large-message transmission issue, are proposed.
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Abstract. Concurrency management protocols are implemented over collabo-
rative platforms in order to manage the shared object modifications. We have
defined the Chameleon protocol which allows us to obtain a dynamic manage-
ment of collaborative architecture. Now, we want to use this algorthm over a
telemedicine platform within a European project on tele-diagnosis for neurology:
TeNeCi. In such a domain, a robust (no errors, no losses...) management of inter-
actions between cooperative members is crucial. Indeed, TeNeCi must provide an
efficient and infallible tool to doctors in order to establish a collaborative diag-
nosis. So, we must validate and prove the Chameleon robustness. Coloured Petri
Nets allowed us to correct the Chameleon weaknesses we have discovered dur-
ing this modeling. Indeed, a time-out and an automatic forwarding mechanisms
have been implemented in the first version of our communication protocol. In
addition, a timestamp has been added to some messages sent to inactive sites.
Finally, a lock mechanism during a particular step has been also implemented in
the Chameleon. Due to those results, we have proved that our protocol is robust.
Thus, it can be used in medicine applications.

1 Introduction

In collaborative environments, sharing notion is everywhere. Concurrency management
protocols become very important. We have defined the Chameleon protocol [[1] which
allows us to obtain a dynamic management of the collaborative architecture. This pro-
tocol has been tested [[1] and integrated in an e-maintenance platform to support tele-
diagnosis tools. Our aim is to integrate the Chameleon algorithm in a telemedicine
application developed within the framework of a European project on tele-diagnosis for
neurology. Such an application imposes a great robustness to be used in an emergency
context. In the first part of this paper, we present this new framework of utilization: the
collaborative tele-neurology project TeNeCi [2]. The second part of this paper allows us
to define the way to modelize our distributed protocol through coloured Petri nets. The
third part presents the Chameleon specifications and the coloured Petri net we draw to
modelize it. The results and the improvements we did to the Chameleon regarding the
properties of the obtained model are discussed in the fourth part of this paper.

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 14-211 2005.
(© Springer-Verlag Berlin Heidelberg 2005



Modelization of a Communication Protocol for CSCW Systems 15

2 The TeNeCi Project

With the support of European/INTERREGIII funding (France - Switzerland), our team
has been working in close collaboration with the Federation of Neurosciences in Be-
sancon on the creation of the TeNeCi project (cooperative teleneurology) [2l]. This
project will enable neurological expertise to be improved through the Emergency Neu-
rology Network (RUN) which is already established in Franche-Comté hospitals and
coordinated by the University Hospital in Besancon. It also seeks to promote a col-
laborative network structure coordinated by the Vaud University Hospital in Lausanne
which will gradually develop in hospitals in the Swiss cantons of Vaud and Neufcha-
tel. TeNeCi will ensure improved neurological expertise through the activities of the
RUN network. This network, coordinated by the University Hospital of Besangon es-
tablished between the hospitals in the Franche-Comté region, is dedicated to facilitating
the diagnosis and treatment of neurological emergencies. In the long term a veritable
centre of cross-border and regional excellence will be created. TeNeCi collaborative
tele-neurology application works with two complementary modes. In asynchronous
mode: one person performs the diagnosis with the tools provided by the application.
This mode can be composed of an image search stage to establish a diagnosis, followed
by an emission stage to ask for an opinion, for example. This opinion can be given a
few days after reception. For this mode, the interface must provide the necessary tools
to create a package which must allow the expert to view images and final diagnosis
and also to reconstruct how the diagnosis was posed (annotations, image settings, treat-
ments). In Synchronous mode: it uses the same tools allowing real-time collaboration
among several people. This mode provides mechanisms to manage concurrent access
to particular commands, e.g. contrast and zoom etc. It is composed of an image search
stage, not in order to pose the diagnosis directly and to broadcast information to each
person involved in the real-time collaborative diagnosis. In this project, a perfect (no
errors, no losses...) management of interactions between cooperative members is cru-
cial. Indeed, TeNeCi must provide an efficient and infallible tool to doctors in order
to establish a collaborative diagnosis. In a medical environment (emergency for exam-
ple), errors or looses are not permitted, so we must validate and prove the Chameleon
robustness. The applications that are working according to the synchronous mode are
based on our communication protocol Chameleon. The specifications of this protocol
are available in

3 Bref Introduction to Petri Nets

A Petri net is a mathematical modeling tool. It is possible to modelize and verify prop-
erties and functionalities of different types of system. Petri nets can be used for produc-
tion systems but also CSCW systems [3l415]]. In CSCW systems, Petri nets can modelize
behaviors as parallelism, synchronization, semaphore and resource sharing. There are
different types of Petri nets : classical [6]], timed [7] (with discrete delays), stochastic
[13U8LS]] (with continuous delays) and coloured [941044] (with data on the marks). Actu-
ally, the aim of this paper is to fulfill a qualitative study of our communication protocol
in order to verify its robustness. Thus, we decided to use a coloured Petri net to modelize
and evaluate the Chameleon.
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4 Chameleon Specifications Using a Coloured Petri Nets

The first subsection of this part presents the first specifications of the Chameleon. The
second subsection presents its lacks. The last one the used natations and the designed
Petri net.

4.1 The Chameleon Speficiations

Our CSCW Framework called CAliF Multimedia uses distributed shared memory to
manage the consistency of discrete media. The main part of the platform is the com-
munication service. It allows cooperating members to broadcast their information. We
chose to develop a new token strategy based algorithm. The originality of these algo-
rithm, named Chameleon, is to allow the virtual topology to be reconfigured using two
communication techniques: a rotating sequencer for one site and a symmetric approach
for another, for example. Thus, the token only visits the active sites. Another important
characteristic of this algorithm is that the representation of the virtual topology is a dis-
tributed shared object and is transported by the token. Ring topology is more efficient
than a full connected network topology for a multi-broadcast operation; however this
tendency is reversed when the number of active sites decreases. So, we use the second
method (symmetric) for the sites that do not participate actively in cooperative work
to complete the ring which links the active sites. Actors of a cooperative application
can have different roles and rights, thus implying that sites can have different states.
Producer-Consumer (PCo): The site modifies the shared data. It receives information
from the other producer sites and sends the result of its operations to the next producer
through the token; Tutor Producer-Consumer (TPCo): The site modifies the shared
data and sends the results of its operations to its next producer and to the sites for which
it is the tutor. A tutor is a member of the virtual ring, whereas a tutrored site is not a
member of the ring but depends on a tutor; Simple-Consumer or Tutored site (SCo):
The site does not modify the shared data; it only receives information from its tutor via
an inactive copy of the token. It never broadcasts a token; Simple Producer (SP): This
site is the only producer. If a PCo site is inactive for a given time it becomes SCo. The
evolution of virtual topology is dynamic and does not require reconstruction, so it is not
very costly. It is based on a ring topology, but it can evolve either towards a centralized
system if there is a Simple Producer, or towards the use of several techniques: a ring be-
tween n sites and a centralized system from a node. The Chameleon algorithm manages
the membership of a site whatever its state may be. The token is not a simple tool allow-
ing a site to broadcast, it contains the virtual topology representation. The consistency
of this topology has to be maintained, to ensure that all the sites have the same view of
the system. The nature and the treatment of the token depend on the state of the sites
that receive it. When a TPCo site broadcasts the token, it begins by sending it to the
next producer. As broadcast is a blocking operation, the TPCo site has to wait until it is
terminated. After that, the token is sent in parallel by the TPCo site to its tutored site(s)
and by its next producer to another producer. So, at the same time, two sites are treating
the token. There is no problem of consistency management because one of these two
sites is SCo and cannot modify the distributed shared memory. Several events can lead
SCo sites to send messages: for example, they may have to become PCo if they have a
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modification to carry out, or they may have to manage the membership of a new site.
In such a case, the SCo site can send messages to its tutor which stocks and treats them
when it is in possession of the token. In this way, the consistency of the virtual topol-
ogy as well as the order and integrity of sent messages are maintained. If a PCo site
is inactive for a given number of token revolutions it becomes SCo. When the change
of state criterion is reached, the virtual topology has to be modified. This modification
depends on the state of the site that causes the change. When a PCo site has to become
SCo, it waits for the token, then it modifies the virtual topology contained in the token
and routes this token, which will broadcast this change of state. The modification of the
virtual topology on the token is performed by a calculation function, which builds a new
topology according to the current topology and to all waiting requests (membership, de-
parture...). If this site wants to become a producer again, it has to send a request that will
not be transported by the token (an SCo site cannot send a token); this request will be
treated by its tutor. Then, if a TPCo (tutor) site becomes Simple-Consumer, it has to find
new tutor(s) for its tutored site(s), find a tutor for itself, modify the virtual topology on
the token, send the token to the next producer site, send the token to its tutored site(s).

4.2 Lacks of the Chameleon Specifications

The description of the way Chameleon works is not complete. Precisions are required
and it may be possible to optimize it. There are concurrent processes, and there is no
details on the way following messages have to be treated: the Chameleon token itself,
copies of the token, connection of a new site, disconnection of a site, an active site (PCo
or TPCo) which becomes inactive (SCo), an SCo site which asks for becoming active,
in addition, is it sure that the token is never lost ? When an SCo site becomes PCo, are
there any token copies left ? Is there always at least one active site ? Are there any lost
messages, somehow ? Does a site always know to which one transmit the messages ?
Indeed, the real topology is on the token, whereas each site has its own copy of this
topology, which is refreshed each time the token or a copy of the token is received. As a
matter of fact, the copy of the topology on each site is different, and at a time, only one
site knows the real one: the owner of the token. So, for example, what happens when
an SCo site sends an SCo2PCo-request to a disconnected site ? Is it even possible ?
On a first step, we specified the behavior of the protocol for 3 sites through a classical
Petri net (no colour). The second step consisted in describing the Chameleon for 4 sites
through a classical Petri net. Since it is difficult to read those Petri nets, finally, we
transformed manually those Petri nets into one coloured Petri net. Since there is no tool
that permits to validate the obtained coloured Petri net, we made manual verifications of
this last Petri net [[11]. Only this coloured Petri net is presented in this paper. A colour is
given to each site, and the number of colours is not limited. Thus, This Petri net works
whatever the number of sites is. To render it readable, we have chosen to represent it
by parts, using 2 figures. Each figure deals with a particular behavior of the protocol.
Some places, like SCo, PCo, NC, Token, Signal are drawn in different figures, but each
place PCo refers to the same place whatever the figure is, as for the other places. In
addition, we have assumed the fact that when a site becomes Simple-Consumer, then
the next Producer-Consumer site considering the way the token is transmitted around
the ring becomes its tutor.
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4.3 Behavior of a Producer-Consumer and a Simple Consumer

The figure [l describes the behavior of a Producer-Consumer (PCo) site. This Petri
net considers the topology transmitted by the token. Indeed, each site has its own
view of the topology and the reference topology is the one transmitted by the token.
Thus, if a C;-coloured mark is in the place PCo, that means that this site is PCo in
the topology transmitted by the token, but this site may be Simple-Consumer (SCo)
in the topology of another site. The topologies of each site are not represented in
this model. The initial marking is not specified in the figure since it depends on the
number of sites. Each site has a colour, and there is an order between those colours.
This order corresponds to the way the token is transmitted around the logical ring of
sites. Indeed, at initial time, there is a mark of each colour in the place PCo, and
for each site 7, there are ITER_i C;-coloured marks in the place Iferations. The to-
ken is given to one site #, thus, there is one Cj;-coloured mark in the place Token and
one Suce(C;)-coloured mark is placed in Next, since, a priori, the next site to which
the token will be transmitted is Suce(C;)-coloured one. In order to update an ob-
ject, one site ¢ has to be the owner of the token. Before determinating the next ac-
tive site, all the signals received by the other sites have to be treated. Under those
conditions, ¢ determinates which site to send the active token, and the token copies.
The active token is sent to the next active site before the inactive token copies to its
tutored sites. The figure 2] shows the behavior of a Simple Consumer (SCo) site. In
order to become active, one site ¢ has to treat all the inactive token copies left be-
fore sending a signal to its tutor. If it is not the wright tutor, the signal is forwarded
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Fig. 2. Behavior of a Simple Consumer

to the next active site. ¢ will become PCo the next time its tutor will be the owner
of the active token. The detailed behaviors of an SCo and PCo sites are described
in [[L1].

5 Model Analysis. Details Given to the First Specifications

In [L1]], we verified some properties of the obtained coloured-Petri net for 3 connected
sites and 4 token revolutions without any updating before comming SCo. We drove
different significant scenarii and drew significant parts of the accessible marking graph.
Indeed, since this Petri net is coloured, unlimited and contains inhibitor arcs, it is neither
possible to use a software to automatically find out its properties, nor possible to draw
the whole accessible marking graph. Thus, this study has been made manually and
we verified different properties according to significant initial markings (cooperative
system states) and scenarii (site actions). Assuming there are one C;-coloured mark
Vi € {1;...;n} in the place PCo, one C;-coloured mark ¢ € {1;...;n} in the place
Token and one Succ(C;)-coloured mark in the place Next, In [[I1]], we have verified
that the Petri net is alive. Indeed, it is possible to cross each transition, and there is no
lock in our protocol. Thus, there is no way to go to an inconsistent state. In addition,
there is always at least one mark in the place PCo which means there is always one
active site at least. All sites can not become SCo or disconnected at the same time. We
have verified also that (PCo, SCo, NC) constitutes an invariant marking for each colour.
That means the state of each site is never lost and always either PCo, SCo, or NC. In
addition, each site has always only one consistent state on the token. If we consider
only the colours in the place PCo at any time, there is only one mark of those colours
in the place Token or in the place DetNext. This property proves the token is never lost
and there is only one active token. One of the active sites is either in critical section,
or determining which site is the next one. In addition, there is always no more than
one mark in one of the places Upd or NoUpd. That means there is no more than one
site in critical section. The Petri net is also not limited because the number of marks in
the place Token is not. Indeed, there are the active token and also all the inactive token
copies sent to the Simple-Consumer(s) in this place. When a site is SCo, it is inactive,
so it can consumes the inactive token copies at its own rythme. Thus, the number of
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copies is only limited by the available space left in this SCo. Nevertheless, this site may
become active again. So, in order to keep a consistent view of the production area, it is
necessary to concume the copies keeping the same order as the order in which they have
been sent to it. For all those reasons, a timestamp must be added to the inactive token
copies sent. Since the topology replicated on each site may be different from the others,
inconsistencies may have occur. The reference is actually the topology transmitted by
the Chameleon token. Moreover, asynchronious signals have to be transmitted to sites,
and the choice of the receiving site depends on sites replicated topologies. Our Petri
net model validates the behavior of the connecting sites. Many specification points are
clarified through this Petri net model. Indeed, we show the reasons why signals have to
be treated before the active token transmission on the PCo sites in section 4.3l Since all
signals modify the topology the token may be sent to the wrong site. In parallel, inactive
token copies may also be sent to sites which do not need them. In addition, it is better
to send the inactive token copies created during the last token arrival before entering
in critical section again in order to minimize the differences between the production
area and the production area replicated on SCo sites. As a matter of fact, inactive token
copies must be consumed by SCo sites as soon as possible. In order to optimize the
speed of the token revolution, it is better to transmit the active token to the next PCo
site before transmitting the inactive token copies to the tutored sites. This model shows
that one site can send no more than one signal to no more than one site and wait for
the treatment to be complete, or to wait for a time-out achievement. In addition, an
acknoledgment and a time-out mechanisms are required when a signal is sent. Indeed,
if the receiver is in fact disconnected, the request may be lost, the receiver of a request
must inform the sender if it is able to treat it. Indeed, if the receiver is SCo or if it
is disconnected, the sender has to send the request again to another site. The TeNeCi
platform will be based on our framework CAliF [2]. Over this platform, the Pilgrim
and the Optimistic Pilgrim are the protocols that manage the concurrent accesses to
the shared objects [12]. The results presented in this section prove that the protocol
can be used for such a domain. Regarding this Petri net model, we also improved our
communication protocol optimising the order of the tasks. Concretly, the active token
is transmitted only to the active specialists connected to the platform, and the others
receive inactive token copies. For example, when one specialist is drawing a circle over
an X-Ray photography in a white board shared editor, we are certain that all the other
specialists (active and inactive) will see this new circle. In addition, we have also proved
that each specialist can modify this circle, even if he (or she) has not drawn anything
for a long time. Furthermore, the way this circle is transmitted is optimized.

6 Conclusion and Further Works

We have defined a new protocol for concurrency management in collaborative work: the
Chameleon. For a medical use, we had to prove its robustness. Coloured Petri Nets allow
us to correct the Chameleon weaknesses we have discovered during this modelling.
Indeed, when an inactive site sends a signal to its tutor in order to become active, this
signal may not be sent to the right site, as the model has shown us. Thus, a time-out
and an automatic forwarding mechanisms have been implemented in the first version



Modelization of a Communication Protocol for CSCW Systems 21

of our communication protocol. In addition, the model proved that it is possible to send
a lot of inactive token copies to an inactive site, so, a timestamp has been added to the
inactive copies sent by the active sites to their tutors. Finally, when a site is seeking for
the next active site in the shared topology, it is now not allowed to take into account the
signals of its tutors, otherwise one site may be in an inconsistent state (both active and
inactive). Thus, a lock mechanism during this step has also been implemented in the
Chameleon. Due to those results, we have proved that our protocol is robust and can be
used in medicine applications.
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Abstract. Networked based distributed collaboration has become pervasive and
makes today’s enterprises much more productive than ever before. The automa-
tion of the collaborative processes can be driven and managed by workflow
rules. In addition, during recent years, ubiquitous computing and universal net-
work connectivity have imposed another imperative requirement on collabora-
tion systems. That is, remote participants with heterogeneous and dynamic con-
nection and process capabilities should be able to join seamlessly in the col-
laboration at any time. Intelligent, context-aware, and workflow-centric col-
laboration is an essential prerequisite to fulfill that requirement. In this paper,
we describe a generic framework, dubbed as EkSarva, which is capable of em-
bedding workflow rules and context-awareness intelligence into collaborative
sessions leading to increased opportunities for process automation

1 Introduction

Networked based collaboration in its most fundamental form consists of interaction
and information generating and sharing among participants. Current groupware and
collaboration tools mainly focus on facilitating information sharing. These tools typi-
cally bundle the numerous functionalities found in applications like email, document
editors, calendars, and process management and provide a single interface for their
usage. This tool-centric approach, we believe, only increases the usage complexity
and is not adequate to capture the semantics of the collaboration operation. In addi-
tion, with the proliferation of mobile devices and ubiquitous computing, these tradi-
tional tools also are not flexible enough to support heterogeneous and dynamic
usage patterns.
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supporting agency.
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As an alternative, we are developing a generic collaboration framework where the
workflow is embedded in the enactment system and connection-awareness is auto-
matically maintained to support collaboration participants’ diverse and dynamic re-
quirements. In essence, we believe CSCW should be a design-oriented research area.
The design of the above framework captures a deep understanding of the nature of
collaboration work and its forms and practices.

The paper is organized as follows. We first describe the key design considerations
of EkSarva. Then we review related work. Next, we explain the EkSarva framework
and the formalisms it provides to model collaboration. Following this, we use an ex-
ample to illustrate the usage of this framework. Finally, we conclude our paper with a
brief discussion of our prototyping and future research extensions to improve it.

2 Key Design Consideration

2.1 Workflow Centric

In a society of knowledge workers, collaboration, in its most fundamental form, con-
sists of generating information, sharing it with others in the same community. This
sharing of information will result in further generation of new information which will
trigger actions upon them. The underlying paradigm of this collaboration can be sim-
ply stated as “information sharing, when acted upon, results in a state-change of the
project which triggers further information exchange-until the project goals are
achieved — or we run out of time”. This collaboration process is often referred as
“Workflow”. In the design of this EkSarva collaboration framework, we focus on the
workflows driving the collaboration towards a common task.

2.2 Context Awareness

During recent years, ubiquitous computing and pervasive network connectivity have
given rise to expectations of building a digital society, where remote participants with
heterogeneous and dynamic connection and process capabilities can join seamlessly
to accomplish a common task. This imposes a new requirement on today’s collabora-
tion framework: context-aware capabilities of adapting to heterogeneous computing
requirements. The essence of context-awareness is invisibility; the changes of physi-
cal locations, process speed or other technical barriers should be transparent or invisi-
ble to collaboration participants. The collaborators should focus on the workflows
embodying the collaboration process and moving on to achieve the final target instead
of spending a significant amount of time and efforts in reconfiguring tools and adapt-
ing to new computing environments.

In the EkSarva framework, we also bring in context-awareness capabilities to ful-
fill this new requirement imposed by the emergence of a pervasive computing society.
This context-awareness feature facilitates the movement of workflows driving col-
laboration towards its final targets without being interrupted to adapt to the changes of
computing environments; the latter is made invisible to collaboration participants.
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3 Related Work

Habanero [1] is a collaborative framework and an environment containing several
applications. The Habanero environment consists of a client and server. The server is
responsible for hosting and managing the sessions. The client interacts with the ses-
sions using various applications. DISCIPLE [2, 3] is a framework for synchronous
real-time collaboration. The main characteristics of DISCIPLE framework are a lay-
ered architecture, explicit knowledge-based support for software modules, and multi-
modal human/machine interaction. These frameworks provide the substrate for col-
laboration. They do not provide any mechanisms to embed workflow rules into the
execution components. As a result human interaction is required, consistently, to
progress a collaborative session. In [4, 5] Personal Agents (PA) are used to enhance
collaboration. The agents are limited to knowledge management tasks in a collabora-
tion environment. They do not participate in the enactment of the collaboration. The
Chautauqua [6] consists of a workflow system at its base. The system also facilitates
changes to the workflow during the enactment, thus providing a notion of dynamic
workflow. Our system differs from the above projects in its ability to model collabo-
ration with flexible and powerful formalisms. In addition, our system places workflow
in the center and also provides adaptive services through context-awareness to meet
the requirements of dynamic and heterogeneous collaboration computing environ-
ments.

4 Conceptualized Collaboration Framework

Modeling a collaboration session involves capturing the fundamental components
involved in the collaboration sessions and the interaction among them. A collabora-
tion framework cannot succeed without successfully modeling its targeted collabora-
tion activities. The EkSarva collaboration framework conceptualizes the following
entities involved in collaborations: Person(P), Project(P), Place(P), Situations(S),
Signal(S) and Transcripts(T).A detailed description of this conceptualized framework
can be found at [7].

5 EkSarva System Architecture

The architecture of EkSarva consists of two major components based on the function-
alities of those subsystems[Fig 1].

5.1 Specification System

The specification subsystem is responsible for providing mechanisms to specify the
framework component: Project, Person, Place, Situation, Signal and Smart Transcript
(PPP/SST). This subsystem would be realized through the development of the Col-
laboration System Specification Shell (CSS) with a domain specific knowledge base.
Through an interface, a Collaboration Initiator (CI, the person who has the authority
to initiate collaboration) interacts with the shell to specify the above mentioned
framework components. Further, the CI would provide additional information re-
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quired for any customizations. The customizations are intended to create a collabora-
tion environment that differs from the domain specific generic environments. In short,
the above specification subsystem provides the initial configuration of the collabora-
tion system.
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Fig. 1. EkSarva System Architecture
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5.2 EkSarva Collaboration Engine

EkSarva Collaboration Engine is responsible for enacting the collaboration embedded
in the workflow rules by providing coordination, synchronization and communication.
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The collaboration engine processes the rules specified by the CSS and executes the
workflow. Thus the two-stage process is analogous to a compiler of specification and
a run-time engine for instructions generated. Mechanisms that are required to imple-
ment the above mentioned architectural components can be facilitated through a lay-
ered component model (Fig 2). Each layer corresponds to a software module provid-
ing the necessary services

5.3 Layered Structure of EkSarva Framework

EkSarva Framework can be structured in four layers: interface, coordination,
knowledge and network. The interface layer, in addition to, providing a representa-
tional view of the underlying collaboration ‘“Project”, also enables interaction with
the project; The coordination layer is the command center of a collaboration pro-
ject; the knowledge layer contains the library of concepts that enables EkSarva to
bring context awareness and intelligence to the collaboration process. The network
layer provides network supporting services to the above layers. A more detailed
description of the above layered structure can be found at [7]. But here we illustrate
more detailed and revised functionalities provided by the coordination layer.

The coordination layer has the following main components (a) Workflow Man-
ager, (b) Context Manger, (c) Workspace Manager, and (d) Transcript Manager.

a) Workflow manager is the controlling entity of the collaboration process. It is work-
flow manager that drives the process forward to different stages until the final goal is
reached. The core of workflow manager is a workflow decision engine that makes
decisions to control the flow of the collaboration process based on different collabora-
tion situations.
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Fig. 3. Context Registration and Adaptive Notification

b) Context Manager is responsible for maintaining context-awareness through the
entire collaboration process. The core of context manager is a context decision en-
gine, which enables the framework to adapt to the changes of different collaboration
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computing environments, and these changes or heterogeneous computing environ-
ments are made invisible to collaboration participants by the services provided by it.
Consequently, collaboration participants then can concentrate on the collaboration
process instead of technical details.

After the EkSarva collaboration engine starts running and the collaboration proc-
ess is initialized, collaboration participants can join the collaboration session
through a registration process (Fig 3). During this registration process, the client
tells the collaboration server what are his/her interests. Meanwhile, the client also
registers his/her computing environment, including computation power, display
size, connection type and speed, etc. The client can also register more than one
device in the server. For example, Sarah (a client) can register a PDA, a smart
phone and a laptop. All of the above information will be stored in a client profile
associated with the client’s logical ID in the collaboration process. The context
manager manages a profile for each client and maintains the context-awareness
through these profiles. During the collaboration process, suppose another client,
Jacobi, starts a video conferencing. He can simply send the video to the server.
Then the context-decision engine will send out this video stream to all subscribers
(Sarach) and send it in a format which is suitable for each individual client based on
his/her current computing environment. Sarah’s heterogeneous and dynamic com-
puting environment is then made invisible to Jacobi.

c) Workspace manager provides the necessary functionalities to store, retrieve and
manage object that are constituents of a project. Policing of access control mecha-
nisms of objects is also the responsibility of this manager.

d) Transcript manager is responsible for generating and maintaining *“Smart Tran-
scripts”. Transcripts are used to “record” information about the activity of the col-
laboration, such as states, action items, important milestones, etc.

6 An Example Usage Scenario: Cyber Conference Room

To visualize how the EkSarva framework could be harnessed to facilitate collabora-
tion, we illustrate a cyber conference room where geographically distributed con-
ference attendees can participate. Within a company, several departments are hold-
ing conferences simultaneously. By signing up for departments, employees can
become members of those respective conference collaborations (Fig 4). An em-
ployee views his or her workspace within a cyber conference room via the Project
view. This view provides all relevant conference information, such as reports, data,
deadlines, and so on. Submitting a report may be as simple as dragging and drop-
ping the file from his/her personal view into the project view. The EkSarva personal
space then submits the file to the cyber conference group space. The coordination
layer of the projects makes this operation transparent to the user. This layer is re-
sponsible for interpreting the rules present in the Knowledge Layer, which specify
how each action should be handled based on the corresponding workflow rules and
collaborative computing environment context.
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In order to support heterogeneous and dynamic collaboration environment, context
manager maintains each client’s context profiles collected at the registration process.
Based on these client profiles, collaboration information and data such as multimedia
presentation will be filtered or tuned to fit each client’s capability. For instance, in
the above example, John is on the way to his office and he only has a personal
PDA connected to the Internet. Therefore, based on his computing environment
context, only a small size multimedia presentation version will be sent to his PDA.
After John arrives at his office, he switches from the PDA to his laptop. This change
of computing environment is detected by the collaboration server. The follow-up
media stream will be changed to higher quality to reflect this change. But all of these
computing environment changes are made invisible to other meeting attendees by the
services provided by the context manager in the server.
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Fig. 4. Cyber Conference Room

7 Conclusion and Future Work

In this paper, we have presented a generic collaboration framework. Our main focus
is the development of a flexible collaboration framework that is driven by intelli-
gent workflow. In order to meet the heterogeneous and dynamic collaboration envi-
ronment requirements, we incorporate context-awareness into the framework de-
sign. This also facilitates CSCW based collaboration in meeting the trends of ubiq-
uitous computing. We are working on prototyping the above cyber conference room
project to demonstrate the effectiveness of its modeling of collaboration processes
and satisfaction of ubiquitous computing requirements. We are also exploring dif-
ferent mechanisms, including the client context profile maintenance and manage-
ment, to better support the diverse client capability requirements.
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Absract. Developments in digital design workbenches that combine
Augmented Reality (AR) systems and tangible user interfaces (TUIs) on a
horizontal display surface provide a new kind of physical and digital
environment for collaborative design. The combination of tangible interaction
with AR display techniques change the dynamics of the collaboration and have
an impact on the designers’ perception of 3D models. We are studying the
effects of TUIs on designers’ spatial cognition and design communication in
order to identify how such tangible systems can be used to provide better
support for collaborative design. Specifically, we compared tangible user
interfaces (TUIs) with graphical user interfaces (GUISs) in a collaborative design
task with a focus on characterising the impact these user interfaces have on
spatial cognition.

1 Introduction

Digital design workbenches, table-top Augmented Reality (AR) systems equipped
with tangible user interfaces (TUIs), have been proposed as an alternative for the
design review meetings since they allow designers to intuitively modify the spatial
qualities of 3D designs and keep communication channels open by preserving
traditional mechanisms such as verbal and non-verbal communication. This research
focuses on the way the digital design workbench supports design thinking and design
communication. Several researchers have proposed that such tangible interaction
combined with AR display techniques might affect designers’ cognition and
communication (Tang, 1991; Bekker et al., 1995). However, they have not posed any
evidence in a systematic way. To date, the central preoccupation of research on TUIs
has been in a developmental direction, which usually describes the fundamental ideas
behind their tangible systems, their prototype implementation, possible application
areas and some initial usability results. We aim to obtain empirical evidence about the
potential impact of TUIs by investigating if and how the tangible presence of the
virtual objects on the design workbench affects designers’ spatial cognition and
design communication in collaborative design. This paper presents some preliminary
results of a pilot study using protocol analysis, which considers what factors are
associated with designers’ spatial cognition in 3D modelling.

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 30-[41] 2005.
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2 Tangible Presence and Spatial Cognition

Since a human’s cognitive ability is strongly bounded, to carry out complex reasoning
without the aid of tools is very difficult. Norman (1991) defined tools as cognitive
artefacts, which do not modify the computational power of the human’s cognitive
ability but instead modify the content of the knowledge involved in the elaboration
process (Rizzo et al., 1995). That is, tools of thought — cognitive artefacts — are
external aids that enhance cognitive abilities. Thus, we predict that designers’
perception of spatial knowledge will be improved when using TUISs, and this may be
due to the tangible presence of virtual objects.

2.1 Tangible User Interfaces and Physical Interaction

AR technology blends reality and virtuality to allow the seamless interaction between
physical and digital worlds. Thus AR research has focused on the linkage between
digital information and physical objects by superimposing, tagging and tracking
objects. The term “augmented reality” is often used to refer to such TUIs in which 2D
and 3D computer graphics are superimposed on physical objects. TUIs turn the
physical objects into input and output devices for computer interfaces to restore the
richness of the physical world in human-computer interaction. Arias et al. (1997)
argued that new HCI approaches need to combine physical and digital environments
to augment the weaknesses of the other by using the strengths of each since the
“reflective conversations” are very different between the two environments. Digital
design workbenches that combine AR technologies and TUIs provide a physical
interaction by putting tangible 3D objects containing digital information into a single
environment.

According to Wang et al. (2001), the strengths of physical interaction can be
explained by two aspects. Firstly, physical interaction provides direct, naive
manipulability and intuitive understanding. It is very natural to pick up and place a
physical object; certain characteristics such as size, weight, colour and shape can be
used to communicate meaning. Secondly, physical interaction provides tactile
interaction; the sense of touch provides an additional dimension of interaction.
Seichter and Kvan (2004) posed the concept of “augmented affordance” to explain
interactions using TUIs in AR systems. Norman (1988) regarded the study of
affordances of objects, originated by Gibson (1979), as the start of a psychology of
things since affordances result from the mental interpretation of things, based on our
past knowledge and experience applied to our perception of the things. He proposed
that “affordance” refers to the perceived and actual properties of the thing that
determine just how the thing could possibly be used. According to Seichter and Kvan
(2004), TUIs can be seen as offering a conduit between the real or perceived
affordances implied by the physical properties of the interface tool and the
affordances created by the digital behaviours in the virtualised interface.

2.2 Designers’ Spatial Cognition and Spatial Representation

As a consequence of the diversity of approaches and related disciplines, there is little
consistency in what is meant by the term “spatial” (Foreman & Gillett, 1997). We
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associate the designers’ perception of the form and spatial relationships of the design
components with the designers’ spatial cognition. The meaning of ‘space’ to the
designers is not an abstract of empty space, but rather of the identity and the relative
locations of the objects in space. Space then is decomposed into particular objects and
the spatial relationships among them viewed from a particular perspective. The spatial
relationships may include functional reasoning since design is required to satisfy
intended functions. In addition, it has been argued that touch is also a spatial
modality, where the close linkage between motor and spatial processes has been
emphasized. Kinaesthetic information through a haptic system provides us with the
ability to construct a spatial map of objects that we touch (Loomis & Lederman,
1986). It is the movement of a hand repeatedly colliding with objects that comes to
define extra-personal space for each individual, as a consequence of repeatedly
experienced associations (Foreman & Gillett, 1997). Thus, the movement simulated
by the mouse in desk-top systems lacks tactile and kinaesthetic feedback that
normally accompanies movement.

Based on the assumption that people often use general purpose verbs and
prepositions when the context is sufficiently clear to disambiguate them, we will
investigate language spatial representation. Language draws on spatial cognition so
that we can talk about what we perceive and it thereby provides a window on the
nature of spatial cognition (Anibaldi & Nualldin, 1998). Jackendoff (1983) suggested
a level of mental representation devoted to encoding the geometric properties of
objects and the relationships among them in space, in order to express our spatial
experience in talking about objects and talking about spatial relationships. Gesture is
also recognized as a good vehicle for capturing visual and spatial information as it is
associated with visuospatial content (Wagner et al., 2004). People produce some
gestures along with their speech, and such speech-accompanying gestures are not just
hand moving (Lavergne & Kimura, 1987). Speech and gesture are both characterizing
the spatial relationships among entities, which are closely related to and may even be
beneficial for cognitive processing (Goldin-Meadow, 2003). Wagner et al. (2004)
found that the movement of hands facilitates recall of visuospatial items as well as
verbal items.

2.3 Digital Design Workbenches

We reviewed various digital design workbenches: metaDESK, iNavigator, BUILD-
IT, PSyBench, URP, MIXdesign and ARTHUR system. Ulmer and Ishii (1997)
constructed the metaDESK system with a focus on physical interaction to manipulate
the digital environment. Standard 2D GUI elements like windows, icons, and menus,
are given a physical instantiation as wooden frames, ‘phicons, and trays, respectively.
iNavigator is a CAD platform for designers to navigate and construct 3D models,
which consists of a vertical tablet device for displaying a dynamic building section
view and a horizontal table surface for displaying the corresponding building plan
geometry. From the user’s perspective, the display tablet is served as “a cutting plane”
(Lee et al., 2003). BUILD-IT developed by Fjeld et al. (1998) is a cooperative
planning tool consisting of a table, bricks and a screen, which allows a group of
designers, co-located around the table, to interact, by means of physical bricks, with
models in a virtual 3D setting. A plan view of the scene is projected onto the table and
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a perspective view of the scene is projected on the wall. Brave et al. (1998) designed
PSyBench and inTouch, employing telemanipulation technology to create the illusion
of shared physical objects that distant users are interacting with. Although still in the
early stage, it shows the potential of distributed tangible interfaces. URP developed
by MIT media lab is a luminous tangible workbench for urban planning that integrates
functions addressing a broad range of the field’s concerns such as cast shadows,
reflections and windflow into a single, physically based workbench setting. The URP
system uses pre-existing building models as input to an urban planning system
(Underkoffler & Ishii, 1999). MIXDesign allows architects to interact with a real
scale model of the design by using a paddle in a normal working setting, and also
presents an enhanced version of the scale model with 3D virtual objects registered to
the real ones (Dias et al., 2002). ARTHUR system is an Augmented Round Table for
architecture and urban planning, where virtual 3D objects are projected into the
common working environment by semi-transparent stereoscopic head mounted
display (HMDs). Placeholder objects (PHOs) and wand are used to control virtual
objects (Granum et al., 2003).

These various configurations of digital workbenches, with and without augmented
reality, show a trend in developing technology that supports designers in creating and
interacting with digital models that go beyond the traditional human-computer interface
of the keyboard, mouse, and vertical screen. The different configurations described
above draw on specific intended uses to define the components and their configuration.
Few of the publications about digital workbenches evaluate the new interface
technology with respect to spatial cognition or improved understanding of the spatial
relationships of the components of the digital model. In this paper, we consider the
existing digital workbenches as defining a class of design environments that use TUISs to
be a departure from the traditional GUIs that designers are currently using to create and
interact with a digital design model. While TUIs and GUIs will continue to be
alternative design environments for digital models, we focus on the differences between
them in order to clarify the role and benefit of TUIs for designers.

3 Comparing GUI-Based with TUI-Based Collaboration

In devising an experiment that can highlight the expected improvement in spatial
cognition while using TUIs, various scenarios have been considered: Face-to-face
collaboration with physical models versus TUI-based collaboration with tangible
digital models; Face-to-face collaboration with pen and paper versus GUI-based
collaboration with mouse and keyboard; GUI-based collaboration with intangible
digital models versus TUI-based collaboration with tangible digital models. We chose
the third category for this research because it will enable us to verify if and in what
way tangible interaction affect designers’ spatial understanding of 3D models in
computer-mediated collaborative design.

3.1 Design Collaboration in GUI vs. TUI Environments

A GUI is a graphical user interface to a computer, which features a pointing device,
icons and menus, and desktop on the display screen. Thus, we consider a 3D CAD
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system for the design environment in a GUI environment. Current CAD systems
allow designers to explore design alternatives as modifiable models, but they produce
indirect interaction with 3D models using a mouse. Despite the physical form, the
mouse has no physical contextual awareness and lacks the efficiency of specialized
tools. It is regarded as a time-multiplexed input device controlling different functions
at different times (Fitzmaurice, 1996). The ability to use a single device for several
tasks is a major benefit of the GUI, but given the nature of interaction where only one
person can edit the model at a time, the GUI environment may change interactivity in
collaborative design (Magerkurth, 2002). On the other hand, TUIs have been offering
an alternative to standard computer user interfaces, where physical objects are
representations and controls for digital information, thereby restoring some of the
tangibility of physical models. We consider a digital design workbench for the design
configuration in a TUI environment. The digital design workbench is specifically
configured for 3D design and visualization (Daruwala, 2004), where designers can
manipulate 3D virtual objects in a semi-immersive environment in real time and can
be spatially aware of each other as well as the design. The direct hands-on style of
interaction afforded by the physical objects provides designers concurrent access to
multiple, specialized input devices. That is, they are “space-multiplexed” input
devices, which can be attached to different functions, each independently accessible
(Fitzmaurice, 1996). Using AR techniques, TUIs merge the display and task space,
which may support shared understanding due to the interaction that draws out ideas in
a conversational manner (Arias et al., 2000).

3.2 Experiment Set-Up

We chose ArchiCAD as an application for the GUI-based collaboration and a design
workbench constructed by Daruwala and Maher (2004) for the TUI-based
collaboration. Inspired by the fact that tabletops and walls are the main working
surfaces during collaborative design sessions (Ma et al., 2003), they proposed a
customized digital workbench that provides both horizontal and vertical display
surfaces to facilitate multiple views of the 3D model. In addition they included a
collection of 3D blocks with tracking markers in ARToolKit to offer a form of tactile
influence on the design as handles to the virtual objects. The digital workbench
environment is designed to demonstrate a range of novel input techniques for 3D
design, so it is not engineered as a targeted end-user application.

Table 1. Two experiment settings

GUI-based collaboration TUI-based Collaboration
Hardware Desktop computer - Mouse & Keyboard Digital design workbench - 3D blocks
Application ArchiCAD ARToolkit

Display/Task space | Vertical LCD screen/a mouse & keyboard Vertical LCD screen & Horizontal table/Horizontal table

- Dty e oo
¥ 1 Ve

Settings : Q B 1 ;.. S
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To simulate a situation similar to a design review meeting where designers review
the current state of the 3D plan and modify it, we developed two renovation scenarios
of the same degree of difficulty: the layout of a home office apartment and the layout
of an interior design office. Designers are required to collaborate on renovating the
studio to satisfy intended functions to a pre-defined set of specifications in design
briefs. The designers did not have access to a pen device or to the 2D view in
ArchiCAD to make the conditions similar to the TUI-based collaboration. A set of 3D
objects were made available in the application’s library in order for the designers to
focus on design configuration rather than designing the furniture components during
the design sessions. The working time in each design environment was limited to 20
minutes.

Table 2. Experiment design

Experiment 1 Experiment 2 Experiment 3
Sessions/Task [[I* GUI(TA) [ 2" TUI (TB)| 1 TUI (TA) | 2" GUI (TB)|1® TUI (TB)| 2™ GUI (TA)
Activity Extending and renovating the studio by placing the furniture
Subjects A pair of 2" year architecture students

2D tool/ View | No pen was allowed to use / 3D view in ArchiCAD was required

30 pieces of furniture were provided in order for designers to focus on design rather
than furniture selection

*Task A (TA): Home office apartment, Task B (TB): Interior design office

library

4 Segmentation and Cognitive Actions

We have done a pilot study that is an adaptation of protocol analysis, a methodology
for studying problem solving processes that has been widely used in design cognition.
Rather than ask the designers to think aloud, we recorded their conversation and
gestures while they were collaborating on a predefined design task. The data collected
for analysis includes verbal description of spatial knowledge and non-verbal data such
as gestures. We are not trying to capture evidence of all of the designers’ cognitive
actions during the design process, but instead focus on the contents of what designers
do, attend to, and say while designing, looking for their perception of discovering new
spatial information and actions that create new functions in the design.

4.1 Segmentation

Segmentation is dividing the protocol into small units according to a rule. One way of
segmentation is to divide protocols based on verbalization events such as pauses or
syntactic markers for complete phrases and sentences (Ericsson and Simon, 1993).
Another way is looking at the content of the protocol, and divide the protocols into
small units along lines of designer’s intentions (Suwa et al., 1998). We take the latter
approach, thus a change in subjects’ intention or the contents of their actions flagged
the start of a new segment. Focusing on a specific part of a design, designers
emphasized a different aspect of the design of that specific part, which showed what
they actually were doing or attending to. Consequently, a single segment sometimes
comprises one sentence, and sometimes several sentences.
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Table 3. Segments of the protocols from one of the TUI sessions

Seg. N Time Transcript Intentions
S: Cos I've seen in how in some studio apartments hoy S is  retrieving  previous
9 1:40 they’ve got these bookshelves that partition the roon| knowledge on bookshelves that
....and then just chuck some crap in there partition the room.
A: Okay. Um. Should we go about rearranging it? They are rearranging 3D blocks
10 1:49 S: Alright, so...we’re gonna move these, like, that way by moving all living stuff to
A: So, first, these are all living stuff but you’re uh... other side.
S: How about if we partition in there and we... A is putting bookshelves on the
11 2:04 A: ...Put some bookshelves like this. Uhh.. yeah... | horizontal surface attending to
some bookshelves partition

4.2 Cognitive Actions

For each segment, we classified designers’ cognitive actions into four categories
including visual and non-visual information based on Suwa’s definition (1998): 3D
modelling actions, perceptual actions, functional actions and design communication.
The three categories correspond to the levels at which incoming information is
thought to be processed in human cognition. 3D modelling actions correspond to
sensory level, perceptual actions to perceptual, and functional actions to semantic.
Another action category, the design communication, is included to reveal specific
aspects of the collaborative interactions. We paid attention to the information of
whether or not actions are new for each design action and the dependency on each
other in order to measure the correlation between them and designers’ spatial
cognition. The first category, 3D modelling actions, refers to physical actions that are
functionally processed with design thinking. This category includes the selection,
placement and relocation of pieces of 3D blocks made by designers. The second
category, perceptual actions, refers to actions of attending to visuo-spatial features of
the artefact or spaces they are designing with. Perceptual actions are inherently
dependent on physical actions. The attention to the feature or relations, creation of
new space or relations, and unexpected discovery of objects or spaces that occurred
were investigated as a measure of designers’ perceptive abilities for spatial
knowledge. The third category, functional actions, refers to actions of conceiving of
non-visual information, but something with which the designers associate visual
information. Whenever instances of functional actions were found it was necessary to
interpret what perceptual actions or 3D modelling actions were dependent on them. In
terms of functional actions, we focused on discovering ‘Re-interpretation’, which was
applied to a segment when a designer defined a different function from previous one
when s/he revisited. The fourth category, design communications, refers to actions of
communicating with one another regarding design ideas and the completion of the
design task itself.

5 Analysis

The following analysis is a preliminary interpretation of the data collected. We
focussed on finding patterns of designers’ behaviours and cognitive actions by
interpreting the information shifts, specifically looking for significant differences in
the data collected from the GUI sessions and the data collected in the TUI sessions.
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5.1 Observation of Designers’ Behaviours

Through the observation, we noticed that designers in the GUI sessions discussed
ideas verbally and decided on a solution before performing 3D modelling actions
whereas designers in the TUI sessions communicated design ideas by gesturing at and
moving the objects visually and decided on the location of each piece of furniture as
they were manipulating 3D blocks. That is, designers in the GUI sessions spent a lot
of time explaining their ideas to one another verbally while designers in the TUI
sessions used 3D blocks to test and visualize design ideas. In terms of collaborative
interactions, the TUI environment enabled designers to collaborate on handling the
3D blocks more interactively by allowing concurrent access to the 3D blocks and to
produce more revisited 3D modelling actions before producing the final outputs.
These results may be caused by the different properties of the tools. Designers in the
GUI environment shared a single mouse compared to multiple 3D blocks, thus one
designer mainly manipulated the mouse and the other explained to his partner what
they were focusing on. On the other hand, with the direct, naive manipulability of
physical objects and rapid visualization, designers in the TUI environment seemed to
produce more multiple cognitive actions and completed the design tasks faster.

Fig. 1. GUI-based collaboration Fig. 2. TUI-based collaboration

The above results motivated us to be interested in the revisited 3D modelling
actions in terms of idea developments and designers’ spatial cognition. We speculate
that the revisited 3D modelling actions in the TUI sessions uncover information that is
hidden or hard to compute mentally and suggest that this will play an important role
in supporting designers’ spatial cognition and producing a design solution.

5.2 Cognitive Actions in the GUI and TUI Sessions

Looking more in depth into the content of cognitive actions, we found different
patterns of behaviour between the GUI and TUI sessions. In terms of perceiving the
location of an object or space, designers in the GUI environment focused on the
individual location itself while designers in the TUI environment attended more to
spatial relations among objects or spaces. For example, when designers worked on the
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layout of a sink in the home office apartment, designers in the GUI session just
clarified the location of the sink without noticing the problem in relation to the
bedroom whereas designers in the TUI sessions found that the current location of the
sink is wrong by perceiving the spatial relation with the bedroom.

Table 4. Perceptual actions on the location of a sink

Session Transcript (GUI ) Session Transcript (TUI )
B: Kitchen and dining area A: It shouldn't be near the bathroom or I mean, I
A: Yep think it shouldn't be near the bedroom, sorry. It
B: Which she does not yet have... well TULL shouldn't have a Kitchen sink.
she has a sink [laugh] in her ba- S: Yeah that's what I was thinking. Why is it next
bedroom, and then living/meeting area to the bed?
GUI2 A:Yep... and a working area A: It's a bit odd, and it's also just....not...normal

B: coz.. The sink sink, sink dosen't need to be in
the bedroom

A: needs to be in the kitchen

B: yeah sink in the kitchen. sink over here for
now

A: mm hmm

TUI 3

When placing an object in the GUI environment, designers put it in a relevant area
simply considering the function of the object, and sometimes they attended to the
shape or style of the object itself. On the other hand, designers in the TUI
environment created and attended to a new spatial relation created by placing an
object, with respect to other objects or space around it. For example, regarding the
placement of a new desk, designers in the GUI session emphasized the function of a
desk for a computer programmer and placed it in the corner. However, designers in a
TUI session considered two locations for the desk, in the corner or near the window,
and then they decided to put it near the window because the designer can look out the
window by creating a spatial relation between the desk and window.

Table 5. Cognitive actions on the placement of a desk

Session Transcript (GUI) Session Transcript (TUI)
B: we need a work table A: desk and stuff B: we need a desk, first of all, for his um office area.. maybe one
B: she's a prgrammer right? so she'd need a, ummm of this..is it like a desk? Aok
GUI2 | A:thatone's got a little computer thing on it TuI3 B: maybe in the corner there
B: hummm (as in yeah) A: that one? B: now we want the desk to go near the windows ~ A: ok
B: yeah A: and that can go in the corner.... B: 50 he can look out the window

In comparison to the GUI system, the TUI system allowed designers to discover a
space and features of an existing object unexpectedly when it is revisited, and which
were never paid attention to. These perceptual actions were classified as unexpected
discoveries, which are usually associated with ‘Re-interpretation’ actions. Re-
interpretation and unexpected discoveries have been regarded as the driving force for
exploration of new design ideas, thus we can hypothesize that the TUI system
facilitates generating ideas by improving designers’ spatial cognition. However, it is
not yet clear that the idea fluency is directly connected to the quality of the final
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output. The following are examples of unexpected discoveries and re-interpretation
extracted from the verbal protocols of the TUI sessions.

Table 6. Unexpected discoveries and Re-interpretation in the TUI sessions

Transcript Interpretation
B: Just little bit layout is not very....
A: You don’t like how they have drawers in the middle? | B felt that the layout is little bit strange and then A
B: No, I mean is discovering an empty space in the middle.

A: You end up with empty space in the middle. how this sofa | (Unexpected discovery)

faces onto her

B: and ahh... the dining table can go... can go her... near the

kitchen

A: I'm thinking of having the dining.. The kitchen and dining | B is discovering that the area is getting crowded
area closer to.. (feature) by placing the dining table and sink near
B: Closer to the bed? the bed

A: Yeah. pit it closer to this section here (Unexpected discovery)

B: That ahh That might get crowded over there. I
could...move it around here?

S: (Interrupt) ya know how they have those kitchens that are
just two long rows?

A: Oh yeh

S: And then that would be like, become like the bar. The
breakfast bar.

After discovered the shape of kitchen to be two
long rows (Unexpected discovery), A is defining a
new function of the cabinet in the kitchen. (Re-
interpretation)

6 Conclusion

The results of the pilot study indicated that the GUI and TUI sessions produce
different outcomes in terms of designers’ cognitive actions. Compared to the GUI
sessions, designers in the TUI sessions exhibited the following patterns of behaviour:

e performed multiple cognitive actions in a shorter time

e re-visited a previous design frequently while coordinating design ideas

e created and attended to spatial relations such as local and global relations
e discovered a space or feature of an existing object unexpectedly

e produced more re-interpretation actions

From the above results, we can assume that the TUI system is an effective design
environment for the spatial layout design since it encourages designers to attend to or
create spatial relations between artefacts or spaces. However, more protocols have to
be analysed to reinforce these findings.

In the next phases, we will consider different experimental situations including a
single designer using the think aloud method, we will develop a coding scheme
derived from our observations in the pilot study and theories of spatial cognition, and
will analyse the results using both qualitative and quantitative methods.

While there may be significant differences in spatial cognition in using TUIs, we
do not think that digital workbenches will replace GUI systems. Rather, new
developments in TUIs will provide alternative design environments that complement
existing GUI systems. Knowledge of the implications of the differences in spatial
cognition provide a basis for developing and implementing new design environments
as well as provide guidelines for their most effective use.



40 M.L. Maher and M.J. Kim

References

Anibaldi, L. and Nualldin, S. (1998) A Computational multi-layered model for the
interpretation of locative expressions. In Nualldin, S. (ed.) Spatial Cognition. Jonh
Benjamins B.V. pp249-266.

Arias, E. G., Eden, H. and Fischer, G. (1997) Enhancing communication, facilitating shared
understanding, and creating better artefacts by integrating physical and computational
media for design. In Proceedings of the Conference on Designing Interactive Systems,
ACM Press, New York, NY, 1-12.

Arias, E., Eden, H., Fischer, G., Gorman, A. and Scharff, E. (2000) Transcending the
individual human mind — create shared understanding through collaborative design. ACM
Transactions on Computer Human Interaction, 7 (1), pp 84-113.

ARToolKi. http://www.hitl.washington.edu/artoolkit/tutorials.htm

Bekker, M.M., Olson, J.S. and Olson, G.M. (1995) Analysis of gestures in face-to-face design
teams provides guidance for how to use groupware in design. In Proceedings of the
Symposium on Designing Interactive Systems (DIS)’95. pp 157-166.

Brave, S., Ishii, H. and Dahley, A. (1998) Tangible interface for remote collaboration and
communication. In Proceedings of CHI’99. pp 394-401.

Daruwala, Y. (2004) 3DT: Tangible input techniques used for 3D design & visualization.
Honors thesis, the University of Sydney.

Dias, J.M.S., Santos, P. and Diniz, N. (2002) Tangible interaction for conceptual architectural
design. In Workshop of the First IEEE International Augmented Reality Toolkit 2002.

Ericsson, K. A. and Simon, H. A. (1993) A protocol analysis: verbal reports as data (revised
edn). MIT Press, Cambridge MA

Fitzmaurice, G. (1996) Graspable User Interfaces. PhD thesis, the University of Toronto.

Fjeld, M., Bichsel, M. and Rauterberg, M. (1998) BUILD-IT: an intuitive design tool based on
direct object manipulation. In Gesture and Sign Language in Human-Computer Interaction,
Lecture Notes in Artificial Intelligence, Vol. 1371, Wachsmut and Frohlich, Editors,
Springer-Verlag, Berlin. pp 297-308.

Foreman, N. and Gillett, R. (Eds.) (1997) Handbook of spatial research paradigms and
methodologies Vol. a. Hove, UK: Psychology Press.

Gibson (1979) The ecological approach to visual perception. Erlbaum Associates, New York.

Goldin-Meadow, S. (2003) Hearing gesture: How our hands help us think. Cambridge, MA:
Harvard University Press.

Granum, E., Moeslund, T.B. and St6rring, M. (2003) Facilitating the presence of users and 3D
models by the augmented round table. In PRESENCE Conference, Aalborg, Denmark,
October 2003.

Jackendoff, R. (1983) Semantics and Cognition. Cambridge, England: Cambridge University
Press.

Lavergne, J. and Kimura, D. (1987) Hand movement asymmetry during speech: No effect of
speaking topic. Neuropsychologia 25. pp. 689-693.

Lee, C.H., Ma, Y.P. and Jeng, T. (2003) A spatially-aware tangible user interface for computer-
aided design. In Proceedings of the Conference on Human Factors in Computing Systems
(CHI’03). pp 960-961.

Loomis, J.M. and Lederman, S.J. (1986) Tactual perception. In K.Boff, L. Kaufman and J.
Tomas (eds.), Handbook Perception and Human Performance. New York: Wiley.

Magerkurth C. and Peter, T. (2002) Augmenting tabletop design for computer-supported
cooperative work. In Workshop on Co-located Tabletop Collaboration: Technologies and
Directions at CSCW'02, 2002.

Norman, D.A. (1988). The design of everyday things. New York: Basic Book.

Norman, D.A. (1991). Cognitive artefact. In J.M.Carroll (Ed.), Designing interaction.
Cambridge, MA: Cambridge University Press.



Do Tangible User Interfaces Impact Spatial Cognition 41

Rizzo, A. and Marti, P. (1995) Distributed cognition and artefacts.

Seichter, H.and Kvan, T. (2004) Tangible interfaces in design computing, Virtual Environment 2.

Suwa, M., Purcell, T. and Gero, J. (1998) Macroscopic analysis of design processes based on a
scheme for coding designer’s cognitive actions. Design Studies, 19(4). pp 455-483.

Tang, J.C. (1991) Findings from observational studies of collaborative work. In International
Journal of Man-Machine Studies, 34. pp 143-160.

Ullmer, B. and Ishii, H. (1997) The metaDESK: Models and prototypes for tangible user
interfaces. In Proceedings of User Interface Software and Technology (UIST)” 97, 14-17
October, 1997. pp 14-21.

Underkoffler, J. and Ishii, H. (1999) Urp: a luminous-tangible workbench for urban planning
and design. In Proceedings of the Conference on Human Factors in Computing Systems
(CHI’'99). pp 386-393.

Wang, Q., Li, C., Huang, X. and Tang, M. (2001) Tangible interface: integration of the real and
virtual.

Wagner, S.M., Nusbaum, H. and Goldin-Meadow, S. (2004) Probing the mental representation
of gesture: Is handwriting spatial? In the Journal of Memory and Language 50, pp 395-407.



Cooperation in Highly Distributed
Design Processes: Observation of
Design Sessions Dynamics

Francois Laborie!, David Jacquemond?, and Matthieu Echalier!

! EADS Corporate Research Center,

Centreda 1, Av. Didier Daurat, 31700 Blagnac, France
{francois.laborie, matthieu.echalier}@eads.net
http://www.eads.net
2 Airbus France, 316 Route de Bayonne, 31060 Toulouse, France
david. jacquemond@airbus.com
http://www.airbus.com

Abstract. In the recent years, industrial design programs have shifted
from a co-located, sequential process to a globally distributed, concur-
rent process. Therefore, communication and coordination within and
among teams have become major challenges. Surprisingly, several studies
demonstrate that collaborative tools exist but are very seldom deployed
nor used. Indeed, co-located working sessions remain a critical coopera-
tion milestone for otherwise remote teams. In order to better understand
the dynamics of those meetings, and identify what makes them so criti-
cal for the design process, we analysed working sessions of aeronautical
design teams. This article reports the results of our observations based
on three criteria: information types, information flow and interactions
performed.

Our study shows the critical importance of private communication
channels, and investigates how they relate to the working session’s pro-
cess. It highlights the need of parallel visualization channels for cross-
references, and analyses the use of interactions depending on ownership
and context.

1 Introduction

Industrial design programmes for complex products, such as cars or aircrafts,
are heavily relying on efficient collaboration among all actors involved in the
project. Two major factors have been further increasing this dependency in the
recent years.

On the one hand, design organisation has been increasingly challenged by
the distribution of design teams and the distribution of programmes in general.
This trend is general to most design industries. As reported by Simienuch and
Sinclair in their study of automotive industry, percentage of an automobile being
outsourced has risen from 5-15% in 1989 to 40-80% in 1997 [1I]. Analogically in
aeronautics, the average number of nationalities involved in a program has risen
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to 40 countries in the latest programs. As a consequence, one meeting out of
three involves international partners. Global distribution of work is a reality.

On top of this increase of distributed teams, concurrent engineering organ-
isation has been adopted as the norm for most large industrial design projects
[5]. Concurrent engineering is based on [2]:

— simultaneous/parallel design activities with strong interdependencies be-
tween each parallel team,

— integration of all lifecycle constraints in the early phases of the project

— and development teams made of multidisciplinary backgrounds.

So concurrent engineering is yet another factor that reinforces the need for effec-
tive cooperation. Indeed, early involvement of all lifecycle constraints assumes,
among others, a multidisciplinary cooperation between manufacturing, support
and designers all along the project. Similarly, strong interdependences between
teams distributed in several countries calls for frequent and efficient cooperation
and coordination solutions.

Influenced by those two factors, design has shifted from a co-located se-
quential process to a globally distributed, concurrent process. Consequently, the
existing very strong need for cooperation, who already occupied more than 50%
of a designer’s daily activity.[3], has now become a strategic element. It is criti-
cal that cooperation be efficiently supported among distributed muldisciplinary
teams.

Different solutions exist to support remote cooperation, especially one-to-one
collaboration. High-end solutions such as video-conferencing, data conferencing
and application-sharing are now widely available on the market. However, we
observed that those solutions are very seldom used for real-time cooperation and
meetings. Teams still heavily rely on face-to-face co-located meetings and ”low-
cost” solutions such as email and telephone to cooperate. Those observations
corroborate findings of other recent studies [3], [4], [5]. This lack of usage is
usually said to be due to a lack of training and availability of ”sophisticated”
tools, and to the "natural” initial resistance of most users to new technologies.
We argue in this paper that this lack of usage is also due to a lack of adequacy
between existing collaboration tools’ functionalities and actual needs.

In order to demonstrate that hypothesis and assess in what designer’s needs
are specific, we studied current work practices of aeronautical design teams dur-
ing a set of design meetings called working sessions. This article presents and
analyses the results of observations of those working sessions based on three cri-
teria: information types, information flow and interactions performed. It helps
understand what makes co-located design meetings so critical that no coopera-
tion tools makes possible its occurrence in a distributed environment yet.

In a first section, the article justifies the choice of working sessions as a test-
case in an industrial design context. A second section presents the methodology
used to analyse the working sessions. The next two chapters then detail observa-
tion’s results before comparing them to existing works in the following chapter.
In a last section, the article eventually discusses perspectives for the introduction
of relevant technological tools in the cooperation environment.



44 F. Laborie, D. Jacquemond, and M. Echalier
2 Working Sessions as a Use Case

Studies on environments supporting distributed design cooperation often focus
on punctual projects limited in time and aiming at co-designing a whole prod-
uct during meetings. Supporting environments must therefore facilitate actual
design during the sessions. For instance, two remote student teams must co-
operate during a limited number of meetings to design a complex mechanical
sub-system in [6]. This type of configuration is not representative of large indus-
trial programmes’ reality.

Programmes’ organisation follows a rigorous product breakdown-structure,
so that each team works on a specific sub-component’s design. Most design work
is therefore accomplished within the co-located design teams. Meetings between
distributed teams aim at coordinating the various sub-components coherency
and interfaces. Very little if any design is performed during the meetings.

In those programmes, meetings are declined in several types of "reviews”,
for instance to validate the interfaces compatibility between sub-components, to
verify the respect of initial constraints, to assess design maturity or to discuss
planning and managements. Observations showed that most of those reviews are
formal presentation meetings, leaving very little room for exchanges and debates
beyond oral negotiation.

In parallel to this formal coordination process, slightly less formal meetings
are organised to discuss more technical points. They involve experts and design-
ers of remote teams for one to three days and give way to information exchanges
and technical design solution’s negotiation [7].

Those working sessions are by far the most interactive and complex of all
design reviews for distributed team’s we observed. The working sessions are the
only ones gathering different technical teams for in-depth design discussions,
involving sketches, technical drawings and open design discussions. This com-
plexity has been the main reason for us to focus on working sessions. Analysis
of working session’s dynamics provides the most complete requirements in terms
of information types, flow and interactions performed.

3 Methodology

The research methodology involved observing a selected number of working ses-
sions over a fixed time period. These observations were organised to improve our
understanding of the dynamics and specificities of working sessions gathering
remote design teams.

Known as ”structured observation”, this methodology was made popular by
Henry Mintzberg [§] in his landmark study of managerial work. Structured ob-
servation involves observing the designers as they participate to the working
session. Each observed event, such as a verbal contact or a piece of shared doc-
ument is coded by the researcher and categorized in pre-established records. In
order to perform this study we adapted the structured observation methodol-
ogy to the specificities of design meetings. A chronology record describes topics
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patterns, documents record describes each piece of document used, a participants
record describes each participant, a public topics keeps track of each interventions
during a topic discussion, documents used and interactions performed, a sidebar
discussions record describes each private discussion and an actions record keeps
track of all decisions made. Data are then synthesized and analysed.

More than 800 interventions have been recorded during four working sessions
of one day each. The data were synthesised and then analysed at three different
levels. The first level detailed the types of information manipulated, their for-
mat and origin. The second level involved analysing information flow, detailing
where and how designers used the information. The third level analysed how
designers interact with the information during a working session with respect to
the previous two levels.

The analysis further differentiates the interventions performed depending on
two different contexts. The first context is during a public discussion, involving
the majority of participants around a given topic. The second context considers
private discussions, also called sidebar discussions [9], when a few participants
engage in a parallel discussion for a limited duration of time. The next two
chapters detail the most significant analysis results for both contexts.

4 Public Discussions Dynamics

Public discussions are the most visible context where designers share and discuss
information. Most remote collaboration tools focus exclusively on the public dis-
cussion as the only communication channel among distant users. However, each
level of analysis draws key conclusions, which highlight frequent misconceptions
or gaps between the reality and available tools.

4.1 Environment Layout

Working sessions usually involve five to seven disciplines from two or three na-
tionalities for meetings lasting one to three days. Participation fluctuates be-
tween less than ten to around twenty participants. The latest being the maxi-
mum observed. Under those circumstances, the working session tends to be more
formal, with less technical debates and more information sharing.

Our observations took place in one single room, all participants gathering
around a long square table. Classical meeting room layout and tools were avail-
able: one video-projector, two whiteboards, a paper-board, a telephone and a
fax. It was interesting to note that less than 50% of all participants brought lap-
tops to the meetings, so that not all participants could connect to the available
video-projector.

4.2 Information Formats

Our initial analyse was to evaluate the format of documents used during public
conversations. It appears that designers tend to use less tangible documents,
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such as paper-based documents or whiteboard drawings, than a few years earlier.
Observations made by Guthrie [3] three years ago showed that as few as 13%
of documents used during aeronautical design meetings were electronic. Our
observations registered that this figure has risen to 70%. This is mostly due to
the availability of laptop computers and generalisation of office tools such as
Microsoft@® PowerPoint®) for presentations.

However, with 30% of all documents used, tangible documents still play a sig-
nificant role in public discussions. They are still privileged for fast and intuitive
interactions, such as drawings and annotations and unplanned print-outs fetched
from the suit-case at the last minute are still widely used during discussions.

Tangible documents would be hard to integrate to distributed sessions, how-
ever, the key ideas of intuitive interaction and unplanned, on the spot, use of
documents may be considered.

While a lot of research effort is made to enable Digital Mock-Up (DMU) and
Computer Aided Design (CAD) models to be used during distributed meetings,
their actual use during working sessions was very seldom. Still, most presenta-
tions and documents contained snapshots and still images of the digital models.
The images were used to highlight an innovative design solution or point out an
existing clash but almost never required interactive models to be used.

Three possible reasons can explain that DMU and CAD applications are sel-
dom used during working sessions. First, the lack of adequate hardware to run
CAD software in meeting rooms. Second, the obligation for one the actors to "pi-
lot” the CAD-station [10] and perform required interactions on the model. Third,
because they are time consuming: both in set-up times and tedious manipulation
delays while they are mainly used for snapshots

Analyse shows that at least two actors of each team brought documents to
use in public discussions during working sessions. About 50% of the documents
used had not been initially planned on the topic. The less formal the working
session is the more unprepared documents are used.

Those points stress the need to add unprepared documents dynamically to an
opened discussion. No matter who the actor is, all actors need to be able to access
this functionality at any time.

4.3 Information Flow

Not surprisingly given the large proportion of digital documents, 67% of all
documents are made public using the retro-projector. The table and whiteboard
are also used on a lower percentage to display paper-documents and sketches.
This observation only confirms that large displays are used to make information
public.

A more surprising observation is the need for parallel visualisation of multiple
documents. Observations showed that up to 26% of the documents used were dis-
played in parallel with other documents. In most cases two documents were used
simultaneously, for instance a formal presentation of a topic was displayed on the
projector while a designer showed related paper-based details of the same topic
on the table. On a very small percentage of occasions (4%) up to three docu-
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ments were used simultaneously, an electronic presentation, a whiteboard sketch
and a paper document with cross references between all three documents. The
need for parallel visualisation channels is usually based on a reference document,
stating validated elements, and related documents presenting specific contribu-
tions. Parallel channels enable cross-references between documents, which both
structure and helps to justify a presentation. It also enables to keep background
information visible, which often facilitates shared understanding in a tongue all
participants do not always master.

Collaborative tools almost never allow to simultaneously display different doc-
uments. This can be understandable for small display solutions in face to face
meetings, but should be taken into account in large group meetings
environments.

4.4 Interactions Performed

Observations showed that interactions have always been performed sequentially.
Designers never simultaneously interacted with the same document. At some
points, three experts have for instance been hotly discussing and drawing on a
whiteboard, each expert with his own pen. But social rules made that if two
experts were making a move to draw on the board, one was always stopping to
prevent simultaneous interaction with the same support.

Therefore, there is no need to implement simultaneous interaction capabilities
in meeting displays.

An analysis of interactions per displays and per documents format clearly
shows that displaying documents, navigating within documents and pointing
are the most performed of all interactions during a public discussion (85%). The
smaller percentage of annotations, authoring and drawing is almost exclusively
performed on tangible documents (95%).

In a significant percentage of cases (38%), several attendees interacted with
the same document. This is particularly true for whiteboards, were in most
cases two experts author, point and annotate the same document, but it was
also observed for interactions with electronic documents. For example, one doc-
ument was transferred to a laptop and displayed on the projector, the presenter
points and makes references to his document while the laptop’s owner navigates
in the slides. During a discussion another expert asks for the mouse and cir-
cles a particular area of the public document to ask a question. In this case
no less than three participants interacted with a single document. There is a
need for the environment to support different types of interactions on public doc-
uments. Any attendee should be able to interact with a public document from
his seat.

5 Private Discussions Dynamics

Frequently neglected in cooperative tools, private discussions, also called sidebar
discussions, take an important part to the working sessions [11], [9].
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5.1 Form and Objectives

Results showed that as much as 36 private discussions took place on average
during working sessions. A large majority involved members of the same team
or same nationality, but 22% of sidebar communications gathered actors from
different nationalities.

Few actors usually participate to those discussions, 75% only involved two
actors, and 19% involve three, so that 90% of them took place in the working
session room.

There is a need to establish dynamically private communication channels
among participants of different teams in parallel to the main discussion.

When analysing discussion’s purpose, we found that the large majority of
private discussions (72%) took place to extend and discuss a previous public
topic. Designers usually engage in sidebar discussions to consolidate their confi-
dence in an information discussed, or give and ask confirmation to their pairs.
The remaining 28% of private discussions initiated a new discussion, for instance
to prepare a new meeting on a specific topic.

A majority of private conversations use documents as a support to discus-
sions (52%). As most private conversations have a direct link with a previous
public topic, 20% of documents were previously displayed in the public space.
Another 20% was authored directly during the conversation, all of them on
tangible surfaces. After discussions, 17% of sidebar discussion’s made their con-
clusions public, mainly orally. However, in 20% of cases documents used in the
private space were also used to support their public conclusions.

A private discussion’s environment should therefore permit to move seam-
lessly documents to and from the public space into the sidebar discussion space,
or to author documents directly in the private space.

5.2 Display Surfaces and Interactions

Once on the private space, documents are predominantly visualised on usual
private spaces: the table and laptops( resp. 53% and 39%). However, a few dis-
cussions took place around whiteboards, usually associated with public displays
(9%). Mostly because the designers needed to sketch on existing drawings.

Again, there is a meed to associate public displays, or their contents, to pri-
vate discussions. Whether by offering the capability to switch between public and
private mode or by providing equivalent functionalities in the private environ-
ments.

As for the public environment, a few occurrences of parallel use of documents
during discussions have been observed. In most cases it associated electronic
documents displayed on a laptop and technical sketches on paper notes.

Sidebar discussions may also require parallel visualisation of document.

6 Related Works

The need for parallel visualisation and seamless exchange and control of doc-
uments within a meeting environment have been studied in a few experiments
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of co-located ubicomp environments. For example the iRoom [12], CIFE [I3] or
iLand [14] associate three large displays and flexible control and document shar-
ing capabilities between public and private spaces. However, those environments
have been designed specifically for co-located meeting scenarios. Those works
should be extended to the study of distributed scenarios.

Solutions to enable sidebar conversations have also already been proposed.
Torlind et Larsson [I1] tested an instant messaging solution and Marratech®Y
commercial solution offers private video channels. Those solutions only partially
address the needs identified for private discussions as they are mainly limited
to text or video. Moreover, those solutions have initially been designed to sup-
port one-to-one-to-one distributed users, not many-to-many collaboration, they
therefore expect each user to collaborate through his personal computer not
within a room or collective space.

7 Perspectives

By analysing working sessions dynamics, this article introduces a set of tech-
nological gaps to overcome in order to support distributed meetings. The next
logical step is to design a cooperative environment that supports those function-
alities. And to evaluate the impact and relevance of those new functionalities on
distributed working sessions.

Two experiments have been conducted so far. The first is to introduce two
digital visualisation channels in two remote environments. One is an interactive
whiteboard, the other a classical projector. Designers are currently using the
boards in local experiments. However, as they grow familiar with the function-
alities, we observed an increase in annotations performed on digital boards and
a few cases of parallel use of the two digital displays during meetings.

The second experiment was to introduce data-sharing capabilities to the en-
vironments. As users get used to the functionalities we observed during the latest
co-located working sessions that designers used the data sharing functionality to
display their private space on the public environment.

Next challenges will be to further evaluate the new solutions implemented
during distributed meetings, and to integrate more intuitive documents flow and
control capabilities together with sidebar discussions functionalities.

8 Conclusion

Through an analysis of aeronautical working sessions dynamics, this article in-
vestigated the patterns that cooperative tools should support for many-to-many
cooperation scenarios. Based on semi-structured observations results, it focused
on three levels of analysis to define the sessions dynamics: information types,
information flow and interactions performed. We identified four major function-
alities that current meeting environments fail to support effectively:

! Marratech: http://www.marratech.com .
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Unprepared documents are often dynamically integrated to the public dis-
cussion. The environment must facilitate on-the-spot information sharing.
There is a strong need to share more than one document at the same time
as multiple documents are often visualised in parallel, for cross-references.
Multiple participants can sequentially interact with the same public docu-
ment. Interaction solutions in the room should easily enable shared control
of public documents.

Participants often engage in private discussions. They transfer documents
to and from the public space into the private discussion space, and author
documents directly in the private space.

The authors are well aware of the limitations of these results who are confined to
an observation of current patterns of collaboration in co-located design reviews.
However, the observations stress major gaps between current practices and tech-
nological solutions available and call for further on-field studies of environments
supporting those requirements distributed situations. It will then be interesting
to evaluate the impact of those tools on distributed working sessions practices
as new patterns may emerge.
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Abstract. This paper presents a design study evaluating the shared workspace
for Amplified Collaboration Environments (ACEs). ACE is a display-rich pro-
ject room that enables distributed teams to work together in intensive collabora-
tion campaigns. The study involved small groups of users performed a collabo-
rative visualization and analysis task while varying the technology
configuration for ACE’s shared workspace. The result showed the participants
benefited from the ability to see others’ work, which helped enhance group
awareness and performance.

1 Introduction

With the emergence of collaboration technologies, people can better communicate
with one another and accomplish complex tasks while at distant locations. Major cor-
porations launch global virtual teams to address multifaceted challenges of global
competition, markets and coordination. Also, modern science and engineering re-
search are often carried out by large, distributed and multidisciplinary research teams
to produce significant discoveries by sharing computational resources, scientific in-
struments and massive data. The trend in the collaborative nature of scientific re-
search and tremendous improvements of computer and network technologies suggest
an opportunity to update and elaborate the original concept of scientific collaboration.

Amplified Collaboration Environment (ACE) is a display-rich project room that in-
tegrates ubiquitous tools and spaces to support a collaborative scientific investigation
using advanced computation, collaboration and visualization technologies [5]. An
ACE, such as the Continuum, adapts information to optimally display in a project
room such that it allows distributed teams of experts to work together in intensive col-
laborative campaigns.

Fig. 1 shows the displays that comprise two fully constructed Continuum spaces at
the Electronic Visualization Laboratory (EVL) at the University of Illinois at Chi-
cago. The Continuum uses a variety of modular technologies: conferencing, content
sharing, collaborative annotation, and wireless interaction. The Access Grid (AG)
supports group-to-group collaboration in which a group of people at different loca-
tions can see and talk with one another simultaneously [2]. A passive stereoscopic
display is used for 3D immersive data sharing. The high-resolution tiled displays

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 52— 2005.
© Springer-Verlag Berlin Heidelberg 2005
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Fig. 1. Two Continuum Amplified Collaboration Environments built at the Electronic Visualiza-
tion Laboratory at the University of Illinois at Chicago

provide shared content views of text documents, web pages, spreadsheets, graphs and
charts, and scientific visualizations. The collaborative annotation is supported by
shared touch-screen whiteboard on which collaborators may jot down notes and
sketch diagrams. Also, remote access interface is supported to encourage users to
work on these displays collectively.

While collaborative visualization is a key component of data analysis process in
scientific investigation, most widely available visualization tools are designed for sin-
gle user models in which all users must cluster around a single workstation for col-
laboration. Over the past two decades, many synchronous collaboration tools have
been developed by industry and research institutes, but most are designed for interac-
tion among co-located users in a room (e.g., Colab [7]) or distributed users sitting at
separated desktop computers (e.g., Commune [1]). While these tools are valuable,
they are not capable of supporting the kind of interaction that occurs in real science
campaigns because scientists need to collaboratively query, mine, view, and discuss
visualizations of enormous data sets (in the order of terabytes) in real time. In this pa-
per, we present an ACE’s shared workspace model, targeted for accommodating in-
teractions among distributed teams and sharing data intensive visualizations.

This paper presents the shared workspace models found in previous synchronous
collaboration systems. It then describes a set of iterative design studies of distributed
teams who used the Continuum spaces to perform a collaborative visualization and
analysis task while varying the technology configurations. It will describe the changes
of the Continuum technologies, discuss the findings, and compare them with previous
shared workspace models.

2 Shared Workspace Models

In this section, we review some of more important shared workspace models found in
previous collaboration systems. This review covers synchronous collaborative work
of co-located or distributed group members sharing information over shared visual
workspace.
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e Collaborative work side-by-side model is a spontaneous co-located col-
laboration where individuals work side-by-side at adjacent terminals.
Their activities can range from discussing their current work, comparing
results, and sometimes leaning over to ask their neighbor for assistance
and to monitor their neighbor’s activities.

e Extreme programming model is a practice in which two programmers
work side-by-side at one computer, continuously collaborating on the
same design, algorithm, coding or testing [10].

e  Shared surface model is where three to four people work around a large
sheet of paper or a whiteboard with each individual having a pen for
pointing or drawing. This model also includes Single Display Groupware
(SDG), which offers a shared public display and multiple inputs from us-
ers for small co-located group work [8].

e The CoLab model is an electronic meeting room that has a large public
display and individual workstations to give users the ability to work on
private or public information artifacts [7].

e Presentation model is where all meeting participants share information ar-
tifacts presented on a large public display that are pushed from a speaker’s
private workspace (such as, a laptop computer).

e The war room model is a project room that contains whiteboards, flip-
charts, tack boards, and walls stuck full of information that are visible and
accessible to all members [6].

e Distributed shared surface model, such as Commune [1], is where all dis-
tributed participants see and share the same information and the interface
of the work surface while allowing simultaneous access and providing
methods to convey gestures to remote collaborators using tools like tele-
pointers.

e Distributed CoLab model includes relaxed-WYSIWIS system (e.g.
GroupSketchpad [3]) that allows distributed members to share, view and
control information contents publicly or privately.

e Distributed presentation model, such as Forum [4], allows distributed au-
diences to view a video of the speaker as well as speaker’s presentation
slides. This model provides display pushing from the presenter’s desktop
screen to remote participants’ desktops to share the information contents.

e Distributed meeting room model involves the coupling of several meeting
rooms and remote offices as well as integrating them into virtual meet-
ings. This model can be described as multi-users, multi-devices and room-
to-room interaction.

3 The Design Study of Evaluating ACE’s Shared Workspace

This section describes a set of iterative design studies conducted to examine the sys-
tem configuration of ACE’s shared workspace. It presents the design changes of the
Continuum technologies and findings and lessons learned from the study.
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Table 1. System configuration changes over iterative design studies

System Configuration

Study Group Conference Tiled — dis- | With . P | With full-screen
play sonal display
Study 1 Group 1 Full-AG & Distributed
Group 2 mini-AG corkboard
Group 3 Full-AG & Distributed With close-
Study 2 Group 4 Enhanced corkboard up personal
mini-AG* display*
Group 5 Full-AG & Distributed With close- | With full-screen*
Study 3 Group 6 Enhanced corkboard up personal
mini-AG display
Group 7 Full-AG & P'resentation With close- | With full-screen
Study 4 Group 8 Enhanced display* up personal
mini-AG display
3.1 Method

Table 1 shows the changes of group and system configuration over the four iterative
design studies. Two groups of four students were assigned for each design study. For
each study, the system configuration was varied, and the study evaluated mainly on
the configuration of the tiled display. All students participated in two design studies
and solved different problem sets with other group members. The groups were re-
organized in the third or the fourth study.

Sixteen computer science graduate students volunteered as subjects in this study.
All students had experience with computers and collaboration technologies such as
email and instant messaging. Some students have used Microsoft’s NetMeeting® or
other online meeting room systems. None of them had prior experience with the
XmdvTool [9], an information visualization tool, used as a part of this study. Most
students had little to moderate experience with correlation statistics. All students ex-
pressed fairly high interests in collaborative work using the Continuum technologies.

The groups were given a pre-test survey (e.g. technology familiarity, comfort, in-
terest, and domain knowledge) and received one-hour training about the Continuum’s
hardware and software technologies and some basic concepts of correlation statistics
and multivariate data analysis required in their first exposure to the tasks. The group
members were then separated in two Continuum spaces (two users in each room) and
asked to perform a collaborative information visualization and analysis task. A post-
test survey and interview was followed shortly after to give feedback about the usabil-
ity of Continuum technologies.

In this task, the groups were asked to perform an exploratory data analysis on a
multivariate dataset using the information visualization tool, called XmdvTool. The
groups briefly scanned the text of the dataset to become familiar with the variables
and to read the hypotheses. They then examined the Cereals dataset or the Boston
housing dataset on the XmdvTool to answer questions and wrote up a report of the
group findings on the whiteboard. The groups were asked to solve five focused ques-
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tions where members would need to find evidence to verify or refute hypotheses. The
groups were also asked to solve two trend questions where members would need to
search for inquiry trends in the dataset.

All groups were recorded using video cameras. An evaluator in each room also
took observational notes on group behaviors. All activities of group members on the
computers were also captured into log data files. The work quality and group work
process, such as number of problems solved correctly, members’ participation, and
group interaction was also measured. A post-test survey was collected to measure user
satisfaction with the technology and the precision of the work process.

3.2 System Configuration

The first design study evaluated the distributed corkboard of the Continuum. The
Continuum uses the tiled display as a large distributed corkboard where information is
visible to all members and member’s activities are available at a glance. As shown in
Fig. 1, each Continuum space has 4-node tiled display (2 by 2 wall mounted layout),
an Access Grid display (4 cameras and 2 microphones in the full-AG setting, and 1
camera and microphone in the mini-AG setting), and a shared touch-screen white-
board. The SpaceGlider program allowediusers toinavigate their mouse pointers
across the boundary of the tiled display screens. SpaceGlider is an intuitive approach
to the problem of navigating and controlling multiple computers that may exist in
physically separate locations [5]. The shared whiteboard between rooms were con-
nected using the NetMeeting’s shared whiteboard application.

The second design study evaluated the addition of personal displays that mirrored
one of the tile screens. The personal displays (tablet PCs) were provided to support a
close-up view. This configuration change was made to help user interaction with the
wall mounted tiled display. The mini-AG was improved by adding another micro-
phone and a camera with a magnifying filter to capture a wider close-up view of the
collaborator. This is done to help casual interaction between distributed participants.
SpaceGlider was used to connect the four tile screens and the whiteboard.

The third design study evaluated the scalable distributed corkboard tiled display,
which was provided to support smoother transition between individual work and
group work. It allowed users to view either the distributed corkboard or one screen
maximized over the entire tiled display. The tiled display, by default, showed four in-
dividual screens (i.e., full-screen option is off) that had distinct background colors for
easy identification of workspace. Users could turn on or off the full-screen option at
any time to maximize the screen over the entire tiled display. The Switcher program
was provided for users to access the tiled display and the whiteboard. Switcher al-
lowed users to jump to any of the displays [5].

The fourth design study evaluated the presentation display to see how the user’s
awareness of their remote collaborators’ work factored into their combined problem-
solving ability. In this study, group members were assigned to their own tablet PCs
that had distinct background colors, and one could choose to make his/her workspace
appear on the tiled display for all members to see. This configuration allowed only
one individual workspace (tablet PCs) to be visible on the public group display (the
tiled display) at a time. Hence, it provided more private workspaces while it also
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allowed users to make their workspace visible to all group members. This time
participants could switch only between their own workspace and the whiteboard on
their tablet PC. Other settings were the same as the third study.

3.3 Observations

The distributed corkboard tiled display supported high visibility of all group mem-
bers’ work activities. It allowed members to casually glance over at others’ work on
their tile screens, which helped them maintain necessary group awareness between
distributed members. The participants pointed out that they found useful information
or answers, received new ideas and learned from other‘s activities, which saved them
from having to ask questions. For those having difficulty, remote collaborators could
immediately address their problems, as their screens were available for everyone’s in-
spection. The distributed corkboard also helped the group members to easily refer to
the contents on the screens. It is observed that the participants often asked the others
to “look at” one of their screens to point out someone’s finding on the screen during
group discussion.

The presence of personal displays (i.e., tablet PCs) seemed to encourage the group
members to focus on their individual work, but it also reduced the amount of casual
glancing by the members. The members worked more on close-up personal displays
and occasionally checked the distributed corkboard tiled display or the local collabora-
tor’s personal display to see others’ activities. With the personal displays, the distrib-
uted corkboard was mainly used to mediate remote collaboration, such as assisting re-
mote collaborators and facilitating group discussion. Interestingly, the groups indicated
that they were still aware of others’ activities even with reduced casual glancing.

The scalable distributed corkboard provided less public visibility, because the full-
screen made others’ workspaces private. It also helped users read texts or graphs
more easily and supported somewhat easy transition between individual work and
group work. The third study groups used this full-screen option to read trends in the
graphs from one’s finding during group discussion. This full-screen option was also
useful for individual uses, such as to make a personal scatter plot graph bigger. How-
ever, it did not interfere with other members’ work since they could still work on their
personal displays. The participants also said they used the full-screen occasionally to
grab other’s attention to start a group discussion. While the scalable distributed cork-
board reduced visibility to some extent, our participants were still aware of current
contexts since the full-screen was used for short periods.

The presentation display with personal displays provided more private visibility. It
allowed only one person’s work (i.e., tablet PC) to be visible on the presentation dis-
play (i.e., tiled display) at a time. This presentation display disallowed casual glancing
over other members’ work. This less visibility resulted in reduced group performance
and interaction due to the extra step required to show individual work on the public
display. We called this the “show me” pattern — That is, members were asking for and
offering to show his/her workspace in order to share information with other members.
This was a source of delay when the group wanted to share information since group
members had to explicitly ask to make information visible. More importantly, given
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the presentation display, the groups expressed the need to see others’ work simultane-
ously for comparison purposes as they did with the distributed corkboard. They
reported that they only looked at the presentation display during group discussions.

4 Discussion

The distributed corkboard provided a public display that allowed group members to
interact with any tile screen and to see other’s work at any time. This is similar to the
shared surface model with the only difference being the group having high-resolution
workspaces. The distributed corkboard with personal displays encouraged group
members to focus on individual work on their personal displays while the distributed
corkboard in users’ periphery served as a group display for awareness and remote col-
laboration. This is similar to the CoLab model with the difference being the group be-
ing able to see other members’ work. The scalable distributed corkboard with the per-
sonal displays is also similar to the CoLab model with the difference being the group
having both the distributed corkboard for awareness and the full-screen for group fo-
cused work. The presentation display with the personal displays is modeled for the
presentation model where individual work becomes visible on the presentation dis-
play by “display-pushing” from private personal displays. This, however, is a source
for delayed information sharing among members in our intensive collaborative work.

A traditional model for collaboration is a group of users clustering around a single
workstation, discussing their ideas and planning their next actions. The collaborative
work side-by-side model encourages more individual work while it allows spontane-
ous group collaboration. The extreme programming model strictly forces a pair to
work together using a single workstation thereby disallowing individual parallel work,
but assisting the pair to establish greater shared understanding. The shared surface
model provides a WYSIWIS group display with multiple input controls to allow
members to work simultaneously on this shared workspace. The WYSIWIS provides
a common view among members, which helps them build shared understanding dur-
ing distributed collaborative work [1]. However, WYSIWIS is too restrictive and of-
ten results in members having to switch the shared workspace sequentially due to less
information visible at one time.

The CoLab model is motivated to relax the over-strictness of WYSIWIS to support
both group work and individual work [7]. However, the awareness problem is particu-
larly severe in the distributed case due to non-visibility of individual work when
members work simultaneously on different parts of the shared workspace [3]. In the
presentation model, individual work is not visible until the individual is presenting it
on a public display. Hence, this model is appropriate for group members working to-
gether on a single item of interest, such as a Power-Point presentation. The war room
model is most apt at intensive collaborative work since it provides high visibility of
all members’ work and also allows members’ spontaneous and simultaneous interac-
tion with these artifacts. The ACE extends the shared workspace of the war room
model to distributed collaboration. Our design study confirmed that the participants
benefited from highly visible, high-resolution shared workspaces. This feature helped
them work simultaneously while maintaining necessary group awareness.
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5 Conclusion

Amplified Collaboration Environments are integrated ubiquitous tools and environ-
ments that allow distributed researchers to work together in intensive collaborative
campaigns. The Continuum is an ACE specifically designed to support collaborative
scientific investigation in which collaborators can visualize, analyze, and solve prob-
lems. Unlike other previous shared workspace models, ACE’s aim is to support inter-
actions among distributed teams with a lot of information artifacts over multiple input
controls and display technologies.

This paper presented an exploratory design study conducted to evaluate ACE’s
shared workspace for enhancing distributed teams’ collaborative work. The study
asked small groups of users in two separate Continuum spaces to perform a collabora-
tive visualization and analysis task under a variety of technology configurations. The
study result confirmed the value of having all information artifacts visible to all group
members during intensive collaboration. Such high visibility helped members to be
aware of each other’s activities and the problems others faced. When this visibility
was reduced, members explicitly showed or asked to show information from their pri-
vate personal display to the public group display. This research will be continued in
the direction of improving and evaluating the high-resolution graphics and collabora-
tion technologies of the Continuum to support real world distance collaboration.
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Abstract. Almost all projects can be considered as cooperative undertakings.
Their strategic management as well as the daily operations causes numerous in-
teractions to occur, either among persons or among persons and resources.
These interactions have been studied from various viewpoints but few research-
ers have focused on their visualization. The graphical representation of the co-
operation is however a powerful tool to help the project participants to get a
correct understanding of the situation. This paper proposes thus a structuring
framework (IVF - Interaction Visualization Framework) of the visualization
techniques used to display such interactions. Three basic axes of classification
are used to structure the study. Which objects are visualized? Why are they
visualized? How are they visualized? For each axis, several properties have
been identified and the admitted values have been specified. This work can be
considered as a first step towards a structured view of the ‘visualization of co-
operation” domain.

1 Introduction

Almost all projects can be considered as cooperative undertakings. In fact, consider-
ing that, in most of the cases, several persons join their efforts towards the project
common goal, the three basic functions of cooperative situations, namely communica-
tion, co-production and sharing, and coordination [8], are always present to a certain
extent. In order to produce the promised deliverables, numerous interactions occur all
along the project life cycle, either among persons or among persons and material or
immaterial objects. These interactions can really be considered as the visible face of
the cooperation. It is thus not very surprising that many researchers have studied them
in different contexts.

For instance, in the construction industry, the interactions among the participants
of a project have been studied from very various viewpoints such as trust [9], distribu-
tion of communication media [5], modes of information dissemination [10], influence
of communication media on design performance [6], or distributed cognition [12].
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Nevertheless, notably fewer researchers have focused their work on the specific
challenges associated with the visualization of these interactions, or in other words,
on the visualization of the cooperation. This viewpoint is, however, really worth being
investigated. Indeed, human beings know for centuries how powerful may be a
graphical representation of a problem for helping to solve it, which is usually summa-
rized by the famous citation ‘A picture is worth a thousand words’. This paper aims
thus to reflect on a global framework that would be able to characterize the visualiza-
tion techniques aiming to represent some interactions such as those arising during a
project.

The paper is organized as follows. First, the motivation of the research is ex-
plained. Second, some definitions are proposed in order to precisely position the au-
thors’ work. The framework used for the analysis of the visualization techniques is
then described in details. The next section highlights the potential of application of
the framework with an example. The paper ends with a conclusion and some reflec-
tions on further works.

2 Motivation of the Research

The intended result of this work is thus to propose a taxonomy which could be used as
a basic tool by researchers studying the visualization of interactions. Indeed, to the
limit of our knowledge, no taxonomy especially dedicated to this kind of visualization
techniques has already been proposed. Such a framework would, however, be clearly
of prime interest as the following reflections point it out.
Herbert Simon stated some decades ago that ‘the first step to understanding any set of
phenomena is to develop a taxonomy’ [14]. Several researchers have also drawn the
attention on the reasons why taxonomies, classifications or frameworks (these terms
are often used with quite similar meanings) are so crucial in any science. In this paper,
we limit ourselves to some specific authors who belong to the information visualiza-
tion domain in order to demonstrate that the arguments apply in our context but the
reader must be aware that numerous other researchers have discussed this point.

According to Lohse and his colleagues [7], ‘Classification lies at the heart of every
scientific field. Classifications structure domains of systematic inquiry and provide
concepts for developing theories to identify anomalies and to predict future research
needs.” Wehrend and Lewis [16] explain that, with a common conceptual framework,
‘workers in any area can place their techniques, so that abstract similarities among
problems in different application areas can be identified, and new techniques can be
readily transported across application lines’. Gruia-Catalin and Cox [4] mention that
a taxonomy is a ‘vehicle through which we carry out a systematic review of current
systems, techniques, trends, and ideas ...".

In any scientific domain, a taxonomy is necessary for several reasons, among
which the most important are probably:

e allowing a systematic and rigorous review of current techniques and ideas;
e  positioning specific works in the whole research field;

e clarifying the concepts of the field, which is a required step before elaborating a
new theory;
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e identifying similarities and differences among the research findings;
e pointing out new research directions;
e  highlighting lacks in research proposals.

This list is certainly not exhaustive but it is believed to include the most significant
elements and it offers enough good reasons to reflect on a new taxonomy.

3 Definitions

Before all, it may be useful to remind the scope of the different scientific domains
dealing with graphics and data. Card, Mackinlay and Shneiderman [3], who are
among the most renowned authors in this field, define ‘visualization’ as ‘the use of
computer-supported, interactive, visual representations of data to amplify cognition’.
They also propose a list of working definitions aiming to clarify the relationships
among the concepts related to information visualization. The most useful of them in
the context of this paper are the following. ‘Scientific visualization’ concerns ‘the use
of interactive visual representations of scientific data, typically physically based, to
amplify cognition’. ‘Information visualization’ deals with ‘the use of interactive visual
representations of abstract, non physically based data to amplify cognition’.

The research work described in this paper can now be better positioned: it relates to
the information visualization field and does not encompass the scientific visualization
domain. In other words, the visualization of physical artifacts (e.g. a combustion en-
gine, a chemical molecule, or a power plant) is not considered in our reflection. In-
stead, we focus on the graphical representation of abstract objects, such as meetings,
e-mails or access to shared documents.

After having specified to which scientific discipline our work belongs, the research
field needs to be accurately delimited. The research aims to study the visualizations
techniques used to display the interactions occurring during a project, i.e. the interac-
tions linked to a professional context. Therefore, the concept of interactions, which is
a central element of our research work, has also to be defined. In this paper, an ‘inter-
action’ is defined as ‘any kind of communication or exchange among two or more
persons, or between one or many persons and some resources used in the project’.
Typical examples of such interactions are phone calls between an architect and a con-
tractor in a construction project, e-mail exchanges between a project manager and the
project members, face-to-face meetings between the project manager and the client,
successive operations on a document located on a web site, or planning modification
requests by some project participants.

4 Interaction Visualization Framework - IVF

4.1 General Approach

A global framework, called IVF (Interaction Visualization Framework), has been de-
signed to underpin the analysis of the visualization techniques aiming to display some
interactions (called InferVis techniques in this paper). It relies on a very rational ap-
proach. Any visualization technique can be qualified by an object to be visualized
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(What?), a goal for which the object is visualized (Why?) and a technique with which
the object is visualized (How?). This generic framework has been instantiated in our
research context and has been applied to distinguish the InterVis techniques.

In each of the three above-mentioned aspects, a set of properties has been identi-
fied and the values allowed for each property have been specified. Most of the time,
the values are not exclusive, which means that a given InterVis technique can simul-
taneously take several values.

Some of the properties (e.g. Retinal Variables, Entity Covering Level) are derived
from previous taxonomies in the information visualization domain [1], [2], [13], [15].
Other properties (e.g. Interaction Media, Integration) do not belong to these previous
taxonomies. The structuring work described in the paper is thus original in two ways.
One one hand, it identifies some new properties. One the other hand, it offers a spe-
cific collection of criteria especially dedicated to the classification of InterVis
techniques.

The following sections describe the properties associated to the three basic view-
points: What? Why? How?

4.2 Objects to Be Visualized: What?

First we have to discuss the objects to be visualized. In accordance with our previous
definition, two kinds of objects are concerned: the interacting entities (persons and /
or resources) and the interactions themselves. Very logically, the properties used to
describe the object to be displayed are thus grouped in two distinct sets.

The first set of properties qualifies the entities in interactions.

e  Two kinds of entities are distinguished: ‘persons’ and ‘resources’. Obviously, in
this approach, the persons are not considered as resources, which are limited to
material (e.g. device) or immaterial (e.g. document) objects. Two values are al-
lowed for the ‘Interacting Entities’ property, namely ‘person-to-person’ and
‘person-to-resource’.

e The ‘Entity Visualized Objects’ property allows specifying whether the visuali-
zation technique displays entities and / or attributes of these entities. It may take
two values: ‘entities’ or ‘entity attributes’. For instance, in this context, a project
participant is considered as an entity while the role of this participant in the pro-
ject (e.g. manager) is an entity attribute.

o The ‘Entity Temporal Aspects’ property specifies whether some time-related
aspects (e.g. history) of the entities are displayed. Due to the very specific nature
of time, a dedicated property has been added while time-related aspects might
have been considered conceptually as attributes of the entities. This property
admits two values: ‘time sensitive’ and ‘not time sensitive’. For instance, if the
visualization shows only the presence of interacting persons, this property takes
the ‘not time sensitive’ value, but if it also displays the moment when the per-
sons joined the project the ‘time sensitive’ value is set.

e The next property, called ‘Entity Covering Level’, expresses the level of cover-
ing of the data space. It can take three values: ‘one entity’ (i.e. visualization of
one specific object), ‘some entities’ (i.e. a specific subset of all objects) and ‘all
entities’ (i.e. all objects). The example of project participants can still be used to
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illustrate this property. If one specific participant is displayed, the property takes
the value ‘one entity’. If the visualization concerns the subgroup of all partici-
pants employed by a given company, the property takes the value ‘some enti-
ties’. Finally, if all participants of the project are showed, the property is set to
‘all entities’.

The ‘Entity Granularity’ property refers to the level of data aggregation allowed
by the visualization technique. If only individual entities can be displayed, the
property value is set to ‘individual entities’ but if some groups of entities can be
visualized as such, the property gets the ‘aggregated entities’ value. For in-
stance, if the visualization technique only allows displaying documents as sepa-
rate graphical objects, the ‘Entity Granularity’ property gets the ‘individual enti-
ties’ value. If it allows showing a group of documents as a single graphical
object, the property is set to ‘aggregated entities’.

The second set of properties relates to the interactions themselves.

The ‘Interaction Visualized Objects’ property allows specifying whether the
visualization technique displays interactions and / or attributes of these interac-
tions. It may take two values: ‘interactions’ or ‘interaction attributes’. For in-
stance, in this context, an e-mail is considered as a basic object while the ‘prior-
ity’ of this e-mail is an object attribute.

The ‘Interaction Temporal Aspects’ property specifies whether some time-
related aspects (e.g. history) of the interactions are displayed. Due to the very
specific nature of time, this dedicated property has been included but, conceptu-
ally, time-related aspects might have been considered as attributes of the interac-
tions. This property admits two values: ‘time sensitive’ and ‘not time sensitive’.
For instance, if the visualization shows the moment when each interaction oc-
curred, it gets the ‘time sensitive’ value but if it displays only that some interac-
tions occurred, the ‘time not sensitive’ value is set.

The second property expresses the level of covering of the data space. The ‘In-
teraction Covering Level’ property can take three values: ‘one interaction’ (i.e.
visualization of one specific object), ‘some interactions’ (i.e. a specific subset of
all objects) and ‘all interactions’ (i.e. all objects). The example of e-mail ex-
changes can still be used to illustrate this property. If the technique permits to
show a specific e-mail, the property takes the value ‘one interaction’. If the visu-
alization concerns all the e-mails sent by a specific participant, the property takes
the value ‘some interactions’. Finally, if all e-mails exchanged during the project
can be displayed, the property is set to ‘all interactions’.

The ‘Interaction Granularity’ property refers to the level of data aggregation al-
lowed by the visualization technique. If only individual interactions can be dis-
played, the property value is set to ‘individual interactions’ but if some sets of
interactions can be visualized, the property gets the ‘aggregated interactions’
value. For instance, if the visualization technique visualizes each individual e-
mail as a single graphical object, it gets the ‘individual interactions’ value. If it
allows representing all the e-mails exchanged between two project participants
with a unique graphical object, the property is set to ‘aggregated interactions’..
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o The ‘Interaction Arity’ property is defined by the number of entities that take
part in the interaction. Two values are allowed for the interaction arity: ‘binary’
(i.e. interaction between two entities) and ‘multiple’ (i.e. interaction between
more than two entities).

e  The ‘Interaction Centricity’ property specifies whether the interactions that are
visualized are relative to a given central person (‘egocentric’) or concerns all in-
teracting people without favoring a specific individual (‘sociocentric’). For in-
stance, an e-mail client is typically ‘egocentric’ as it shows all interactions be-
tween the connected user and the other persons.

e The ‘Interaction Media’ property refers to the tool(s) supporting the interac-
tions. Some possible values are ‘face-to-face meetings’, ‘e-mail communica-
tions’, ‘phone calls’, ‘video-conferencing’, ‘web site access’, ...

4.3 Goal of the Visualization: Why?

The goal of the visualization is the second aspect that we use to classify the visualiza-
tions of interactions. This aspect concerns the context of use for which the visualiza-
tion is designed. Indeed, it is crucial to elicit the reasons why some interactions are
displayed. Two properties are associated with this viewpoint.

e  The ‘Visualization User Role’ property specify whether the technique is dedi-
cated to be used by an actor which takes part in some of the interactions (‘par-
ticipating actor’) or by someone which is external to the interactions (‘external
observer’).

e The ‘Visualization Purpose’ property indicates the essential purpose of the
visualization. Two basic goals are identified: ‘inferaction support’ and ‘interac-
tion analysis’. The first value concerns the cases when the basic purpose of the
visualization is to support the user to interact with other entities and the second
value applies when the visualization is used to analyze the interactions between
some entities.

4.4 Visualization Techniques: How?

The last classification axis concerns the visualization techniques themselves. Inten-
tionally, no property is defined to specify what might be called the ‘visualization
type’ (e.g. pie chart, tree or parallel coordinates). In fact, such a property would not
be consistent with the framework philosophy that aims to characterize the InterVis
techniques in a way as generic and lasting as possible.

e The ‘Display Space Dimensions’ property is used to indicate how many space
dimensions are used to represent the data graphically. Three values are allowed:
‘1-Dimension’, ‘2-Dimensions’ and ‘3-Dimensions’. This property is defined as
the number of coordinates necessary to position any data in the visualization dis-
play space. It may be useful to point out that it does not refer to the number of
dimensions of the data. In Bertin’s terminology [1], this property refers to ‘plan
variables’. It does not concern the retinal variables such as color or size. For in-
stance, a timeline is ‘/-Dimension’, a planar tree is ‘2-Dimensional’ and a virtual
reality representation is ‘3-Dimensional’.
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The ‘Entity Graphical Mapping’ property indicates which kind of graphical ob-
ject is used to represent the entities in interaction. The possible values are ‘point
object’, ‘linear object’, ‘surface object’ and ‘volume object’. For instance, in
usual ‘node-links’ graphs, this property takes the value ‘point object’ because the
entities are displayed as point-like nodes.

The ‘Interaction Graphical Mapping’ property indicates which kind of graphi-
cal object is used to represent the interactions among the entities. The possible
values are ‘point object’, ‘linear object’, ‘surface object’ and ‘volume object’.
For instance, in usual ‘node-links’ graphs, this property takes the value ‘linear
object’ because entities are displayed as links.

The ‘Retinal Variables’ property specifies which retinal variables are used to
represent data values in the visualization technique: ‘color’, ‘grey level’, ‘shape’,
‘orientation’, ‘size’, ‘grain’, and ‘texture’. For instance, in a node-link graph, the
frequency of the interactions can be represented by coloring the links (‘color’) or
increasing the link width (‘size’).

The ‘Display Space Boundaries’ property is used to specify whether the graphi-
cal representation uses a fixed (‘fixed’) or variable (‘variable’) display space,
depending on the size of the data set. For instance, this property is set to ‘fixed’
for a treemap and to ‘variable’ for a classic node-link graph.

The ‘Geometrical Distortion’ property specifies whether the visualization tech-
nique shows distorted views of the data (‘distorted’ vs. ‘not distorted’). In a dis-
torted view, the values of the data are not all equally mapped with their geomet-
rical representation within the display space. The fisheye lens and the
‘Perspective Wall” are some examples of distorted techniques.

The °‘Abstraction Level’ property indicates whether the graphical elements
used in the representation are purely abstract shapes (‘abstract’), remind some
real objects via metaphors (‘metaphorical’) or mimic reality (‘pseudo-real’).
To illustrate these values, representing e-mails by arcs takes the ‘abstract’
value; using expressive faces to display e-mail priority takes the ‘metaphori-
cal’ value; and representing meetings within a virtual 3-D world takes the
‘pseudo-real’ value.

The ‘Animation’ property indicates whether some movement or animation is in-
cluded in the graphical representation of the interactions. Two values are al-
lowed: ‘animated’ or ‘static’. In order to avoid confusion, it must be mentioned
that this property does not refer to the dynamics of the interactions themselves.

The ‘Interactivity’ property refers to the presence or absence of means for the
user to interact with the graphical representation. A visualization technique will
be called ‘interactive’ if the user can dynamically modify the selection of objects
to be displayed, the displayed properties of these objects, or a parameter of the
graphical output used to display them. If the user cannot modify any aspect of
the data representation, the visualization technique is called ‘not interactive’.

The ‘Integration’ property explains whether the visualization technique is inte-
grated with the interaction tool (‘integrated’) or not (‘independent’). For in-
stance, an e-mail visualization module can be integrated within an e-mail client
(‘integrated’) or it can be used to display an e-mail log file issued from an exter-
nal application (‘independent’).
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S Application of the IVF Framework: An Example

This section illustrates how the IVF framework is currently used to support the design
of new visualization techniques. The e-mail conversation is one of the very usual
ways to cooperate and several researchers study how to enhance the graphical repre-
sentation of these interactions. In this context, the authors have recently developed a
technique called Mat’Graph [11] (cf. Fig. 1). It may be noted that the IVF framework
was not used in the design process because it has been developed afterwards. Never-
theless, the next developments of this technique, which are currently under way,
clearly benefit of the IVF framework.
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Fig. 1. Mat’Graph Visualization of e-mails

Indeed, the design process has been modified and the new procedure is described
hereafter. First, the IVF framework is used to qualify the visualization to be improved
- namely Mat’Graph in the example - as well as other potentially appropriate visuali-
zation proposals. Second, the values given to the IVF properties in the case of
Mat’Graph are systematically scrutinized and are compared with those encountered in
the other existing techniques. Third, the modifications that are supposed to be the
most meaningful are identified. Finally, a new visualization technique (Mat’Graph?2)
is developed as an evolution of the former one. This design methodology is applied in
an iterative manner in order to progressively refine the visualization technique as the
two following examples illustrate it.

The first example relates to the representation of some interaction properties. The
Mat’Graph visualization was given the ‘color’ value for the ‘Retinal Variables’
property. Having characterized other techniques, it appeared that it could sometimes
be useful to use the ‘shape’ of some glyphs (i.e. another value cumulatively allowed
for the ‘Retinal Variable’ property) to convey information about a property of the
messages. Mat’Graph was thus adapted and it was decided to visualize the priority of
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the e-mails by the shape and the color of the glyph at the beginning of the arrows
associated to them. The meaningless black circle in Mat’Graph was thus replaced
by a red square when the message priority is high (cf. Fig. 2). A second occurrence
of the refining process concerned the modification of the value given to Mat’Graph
to the ‘Interaction Media’ property. Instead of displaying only the e-mail-based in-
teractions, it was decided to visualize also the ‘face-fo-face’ meetings. Some verti-
cal yellow lines in the matrix cells of the participants are used for this purpose (cf.
Fig 2.).
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Fig. 2. Mat’Graph2, an IVF-based evolution of Mat’Graph

Those successive refinements of the Mat’Graph visualization technique could
probably also be achieved by a less formalized process. Nevertheless, the IVF frame-
work certainly eases the work of identifying the parameters of the design space where
some improvements are possible.

6 Conclusion

The proposed framework is a first attempt to classify the visualization techniques
aiming to display the interactions occurring during a project, which are seen as the
visible face of the underlying cooperation. Several properties have been identified
to characterize the InterVis techniques according to what is visualized, the purpose
for which it is visualized and the techniques used to visualize it. Further works re-
lated to the IVF framework will explore three main directions. First, some comple-
mentary reflections are needed to assess whether some new classification criteria
should be added. Similarly, the range of possible values for some properties should
probably be more refined. The framework will also be confronted to a large set of
InterVis techniques in order to evaluate its completeness. Finally, as it has been il-
lustrated, the framework is currently used to support the design of new
InterVis techniques.



70

B. Otjacques, M. Noirthomme, and F. Feltz

References

10.

11.

12.

13.

14.
15.

16.

. Bertin JI.: Sémiologie graphique, 1998 reprint of the 2" édition of 1973, Editions des hau-

tes Etudes en Sciences Sociales. 1998.

Card S. and Mackinlay J.: The Structure of the Information Visualization Design Space, in
Proceedings of the IEEE Symposium on Visualization (InfoVis’ 97), 18-25 October 1997,
Phoenix, Arizona, USA, pp. 92-100.

. Card S., Mackinlay J. and Shneiderman B.: Readings in Information Visualization, Us-

ing Vision to Think. Morgan Kaufmann Publishers, Academic Press, San Francisco,
1999. pp 6-7.

Gruia-Catalin R. and Cox K. C.: Program Visualization : The Art of Mapping Programs to
Pictures, in Proceedings of the 14" International Conference on Software Engineering,
1992, Melbourne, Australia, pp. 412-420.

Howard R. and Petersen E.: Monitoring communications in partnering projects, in Elec-
tronic Journal of Information Technology in Construction, Vol. 6, 2001,
http://www.itcon.org/2001/1, accessed 18 March 2005.

Kvan T. and Gao S.: Frames, Knowledge and Media, An investigative Study of Frame
Systems within Computer and Paper Supported Collaborative Design Process, in Proceed-
ings of the 22™ Conference on Education and Research in Computer Aided Architectural
Design in Europe (eCAADe 2004), September 2004, Copenhague, Denmark, pp. 410-417.

. Lohse G. L., Biolsi K., Walker N. and Rueter H. H.: A Classification of Visual Represen-

tations, in Communications of the ACM, Vol. 37, N° 12, December 1994, pp. 36-49.
Lonchamps J.: Le travail coopératif et ses technologies, Hermes Science Publications, Pa-
ris, 2003, p. 27-28.

Mohamed S.: Determinants of Trust and Relationship Commitment in Supply Chain Part-
nerships, in Proceedings of 2™ International Conference on Innovation in Architecture,
Engineering and Construction, June 2003, Loughborough, UK, pp. 617-625.

Otjacques B., Post P. and Feltz F.: Management of Information Flows during Construction
Projects, in Proceedings of the 20™ CIB W78 International Conference on Information
Technology for Construction, April 2003, Auckland, New Zealand, pp. 278-285.
Otjacques B., Feltz F., Halin G. and Bignon J.-C.: Mat’Graph: Transformation matricielle
de graphe pour visualiser des échanges électroniques, to appear in Proceedings of the 17"
French-speaking Conference on Human-Computer Interaction, September 2005, Toulouse,
France, ACM Press.

Perry M.J.: Distributed cognition and computer supported collaborative design: the or-
ganization of work in construction engineering, PhD Thesis, Brunel University, UK, 1997.
Roth S. F. and Mattis J.: Data Characterization for Intelligent Graphics Presentation, in
Proceedings of Conference on Human Factors in Computing Systems (CHI’90), April
1990, Seattle, Washington, USA, pp. 193-200.

Simon H.: The Sciences of the Artificial, MIT Press, 1969.

Tweedie L.: Characterizing Interactive Externalizations, in Proceedings of Conference on
Human Factors in Computing Systems (CHI’97), March 1997, Atlanta, Georgia, USA, pp.
375-382.

Wehrend S. and Lewis C.: A Problem-oriented Classification of Visualization Techniques,
in Proceedings of the 1" IEEE Conference on Visualization, October 1990, San Francisco,
California, USA, pp. 139-143.



An Interaction Interface for Multiple Agents
on Shared 3D Display

Jeong-dan Choi' and Chi-Jeong Hwang?

! Telematics Solution Research Team, Telematics and RFID Research Department,
Electronic and Telecommunications Research Institute,
161 Gajeong-dong, Yuseong-gu, Dajeon, 305-350, Korea
jdchoi@etri.re.kr
2 Image Processing Laboratory, Computer Engineering Department,
Chungnam National University,
220 Gung-dong, Yuseong-gu, Daejeon, 305-764, Korea
cjhwang@ipl.cnu.ac.kr

Abstract. In the multi-user VR game, wide stereoscopic display is an important
component that supports immersion and perception to the gamer. Because the
space in front of the display allows multi-participants to collaborate and guaran-
tees view with the entire field of view for each user. This paper describes a
method to integrate user interfaces for interactions among users wear VR de-
vices on wide stereoscopic display. The key technologies of our proposed sys-
tem include the problems of coordination with various devices to treat user
events in real-time, synchronization of PC clusters which renders the VR con-
tents, and seamless display of multi-channel display surfaces. To accomplish
this, we propose a VR game display platform composed of multi-projectors,
stereoscopic see-through head mounted device, and gesture recognition system
for collaborative interactions. Our preliminary results showed that the proposed
strategy well suits high resolution application at real-time frame rate for
VR game.

1 Introduction

Many conventional VR arcade games have typically used monitors as their display
devices. While monitors were cost-effective size but easy to use, they failed to convey
a feeling of immersion to their users. We believe that multi-user VR game display
requires a wide screen model which multi-user could collaborate in immersive envi-
ronments. Nowadays there are many applications for wide screen using project-based
multi-channel stereoscopic display, such as CAVE® [1], immersive desks [2], and
their derivatives. These are often used as superior tools for data visualization and
analysis of these very large amounts of data because of the benefit of wide FOV
(Field Of View) [6]. So, in this research area, it is only necessary that simple commu-
nication device such as keyboard or mouse input command for navigation or passive
manipulation of virtual environments. Moreover multiple users can use the same input
command device as their interface to interact or collaborate, so that their command is
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controlled by remote distributed machine on via network. So it is allowed that multi-
ple users use same device. But, if they share device in the same spot area such as wide
screen, then respective multiple events must be treated by one single control machine.
In this respect, we consider the issues of interface metaphor that multiple VR devices
can serve the serve the purpose of interaction very well. As well as, there are many
growths in the user interface. These interfaces must have a high degree of clarity and
allow the interaction in the form of human-like behaviour through computer-aided
tools. It is important to consider the goals of these entities, their possible actions, and
the information available to them. One user’s action provides pre-described strategies
to the different players. We are interested in the construction of 3D stereo display
allows the real-time interaction not only between a user and another but also between
user and 3D object onto that.

In this paper, we propose a VR game display interfaces which delivers a sense of
presence in the game environments through the collaboration and communication to
users. Our proposed display platform ensures that coordinated interfaces achieve
different from typical networked VR system preserving overall system perform-
ance. And also we introduce a preliminary example of VR safari game which is
based on a projection-based multiple windows rendering system on passive 3D
stereo display, synchronization and intensity-blending of multi-channel system for
wide field of view on different PCs.

2 Our Proposed System Components

This section describes in detail our proposed VR Game system and contents, with
some specific game devices. Our system overview is graphically shown in Fig. 1.

Mation Command
Recognition Engine

Player1

Hand & head pos.

T e T

FF Wheel
manipulation

Rotation & Speed

Event

Hand, Head
Tracking

Game Engine ikl
Character Rendering [[«—motion

Animation ——
Impulse, vibration info.

Game Al 30 Sound |~ to haptic suit —— Sound info.
to haptic seat

Fig. 1. Our proposed system overview

Target contents is a virtual world of real jungle hunting adventure and on-line
role-playing game (RPG) supported by more than 2 persons. Main system supports
surrounded display with PC clusters [3][4]. And it drives various VR interfaces with
DirectX[9] APIs that is composed of Directlnput for haptic jacket, seat and force
feedback wheel, DirectMusic for 3D stereo sound, DirectPlay for network services
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and Direct3D for rendering of X file format. One user plays game performing ges-
tures with hand glove. The hand gesture is tracked by magnetic sensor, which is
attached hand glove. And then the hand’s orientation and positions are transmitted
to Motion Recognition Engine. The other user drives the jungle off-road with force
feedback steering wheel. The extracted game event is transferred to Rendering and
Animation Engine. And the motion of actor is generated with virtual actor on screen
in real-time. Player 1 wears SEE through HMD and player2 wears polarized
glasses. Both players enjoy the jungle hunter with wide stereo screen. So, our topics
of several 3D display interfaces and real-time interactions [8][11] are discussed in
the order written.

3 Considerations of Interactive 3D Display Interface

Our system extends the concepts of guaranteed entertainment and predictable per-
formance into multi-agent domains such as cooperating teams of VR Game. Agents
will communicate to achieve overall team goals. While executing their allocated
tasks, agents will respond to ongoing events in real-time. And triggering dynamic
action tailored to the current context.

We describe our efforts in developing a 3D display for the improvement of col-
laborative abilities and maximization of entertainment. This section covers user
interface flow, which includes input and output device information. And we de-
scribe some requirements for coordination of input and output devices.

3.1 Proposed Metaphor for Game Interface

We basically use a spatial common display for share communication interface. First,
it is required that there be adequate wide for multi-agents. Second, multi-agents must
wear some device to pass their intents through the display. And last we explore the
notion of a agent for assisting users communication.

To solve these problems, we use a projector-based display system. This 3D ste-
reo system includes LCD projectors with polarized filter and PC clustered rendering
systems. The PC rendering system is clustered for synchronization. This clustered
system has been developed last year [7]. And users incorporate 3D wide visualiza-
tion capabilities with stereoscopic see-through HMD and polarized glasses.

Fig2 shows our event flows and interfaces. The beginning of game is started
from the tracked information of director’s hand. The tracking system traces the
latest position and orientation of the hand gesture. The motion recognition engine
interprets the motion as predefined game command. The motion is the metaphor for
game events and communication with other collaborator. Game events include cast
spells upon a game objects, change of attack plan, and movement sign and so on.
Director’s motion rendered into display is the method for game mission. So, the
other collaborators understand the intention and effect. And also the motion’s result
is converted for output device into strength of sound and digitalized information for
haptic suit and seat.
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Fig. 2. An diagram of event flows and used interfaces

3.2 Shared Large-Sized Display Using Multi-channel

PCs, consisted of the Multi-Channel PC Cluster, are connected to their corresponding
projectors. These projectors display their own portions of game display, and, thus,
when they display simultaneously, a user can enjoy an immersive game display with a
wide FOV. However, since the display surface for the projectors are shaped arbitrar-
ily, the user must endure watching the distorted game display affected by the shape of
the display surface. Furthermore, if there are cases where a display area for a projector
is overlapped with another, these will cause an irregular game display in terms of its
intensity. These problems can be fixed by using structured light technique and inten-
sity blending. In addition, a laser tracker is used to track user’s position to render the
game content on the user’s viewing point.

Geometry calibration. There are multiple projectors and screens which must be
edge-aligned. We use a set of a reference plane; arbitrary display surface, CCD
camera and projector pairs, and a laser tracker (see Fig. 3). Each camera and projector
pair is used to extract a shape of its corresponding portion of display surface based on
a Structured Light Technique. The same projector is also used to project a game
content on the display surface.

[ Reference Plane
:> Display Surface

_i____:__&,cco Camera

G::> LCD Projector,
'1, "

— = |

Fig. 3. The composed system for geometry calibration
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Projector is used to display an interference pattern on its display area and camera is
used to capture the pattern on the area [10]. The Structured Light Technique is a well-
known two-wavelength phase shifting interferometer. The basic concept of phase-
shifting method is to extract heights of the object surface from an interference pattern
created by a phase-shift of interferometer. 4-frame phase-shifting method is normally
used, and, from this method, we can acquire four interference patterns by shifting a

phase of 712 four times. The formula expresses the intensity of acquired interfer-

ence pattern at (%)

1,(x,y)= 1, (x. ) {1+ 7(x. y)cos[#(x, y) + A} (1)

1o(x.5) i an average moiré intensity at (**¥) | ¥(¥:Y) i5 a standardized visibility of
moiré interference pattern, Ais a degree of phase-shifting, and P(x.¥) s a height of
the surface at (¥ ). By the 4 frame phase-shifting method, we can get following four
different formulas from following formula.

1,(x, y) = 1,(x, ){1+ y(x, y) cos[¢(x, y)1},

I, (x,y)=1,(x, {1+ y(x, y)cos[@(x, y) + 7/ 2]},
13(x, y) = 1, (x, ) {1+ y(x, y) cos[p(x, y) + 71},
1,(x, y) = 1,(x, y) {1+ 7(x, y) cos[@(x, y) + 37/ 2]}

2

Therefore, we can acquire the height map of the object surface from #(x.¥)  How-
ever, since these heights are calculated from arctangents, there can be ambiguities of

height in every 27 | And then two-pass rendering technique is added. (see Fig. 4).

e

Virtual object to show  Real scene to be projected Generated image by Finally generated image
first rendering which is by two-pass rendering
captured by camera for which is came into user
next rendering

Fig. 4. Object rendering onto arbitrary display surface

Intensity blending. This multi-projector display does not rely on an assumption that
each projector is dedicated to its unique part of the display surface. Thus, there may
be an overlapped display surface area by projectors. When this overlap occurs, the
intensity of the overlapped area becomes the sum of intensities of the projectors
involved with the area. Thus, this situation produces an irregularity of brightness to
the multi-projection display. Our method is to assign each vertex of display surfaces
in overlapped area different alpha value depending on the distance to its nearest edge
of the display surface. The vertices of an overlapped area in a display surface are
same with its corresponding ones in the other display surfaces. The alpha value is
expressed as (3).

N diey) (3)
AN TS Ly
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a.(x,y)is an alpha value of a vertex at (x,y) which is in the display surface i.
d.(x,y)1s the distance between the vertex and its nearest edge of the display sur-
face i. Fig. 5 shows a display without the intensity blending and one with it.
Cleary one can see the effect of the intensity blending from the overlapping edge.

Fig. 5. The result scenes of intensity blending

3.3 Private Display for Collaboration and Personal Works

Apart from completeness usability, immersion and entertainment are the key quality
aspects for VR game system. There are many situations in which we would like to
interact with private objects in the surrounding public contents. An Augmented Real-
ity can make this possible by presenting private information that enriches the public
worlds. But there are only a few applications in augmented reality gaming and sig-
nificant potential in this area. And also see-through HMD is used to overlay private
information on the contents displaying on the wide screen. We use HMD to determine
which weapon is selectable in nearby-space and which object is targeted in far-space.
The interface presents two windows to the operator. The first window carries private
information. We currently use a navigation and selection weapon menu. And the sec-
ond window displays surround contents formed through the lenses.

3.4 User Interactions with Real-Time Virtual Character Animations

A user is displayed as a virtual character on shared display. We use a skinned mesh
for the character that is stored as an X file, and it is rendered using the Direct3D. For
the user’s immersion into the game, whenever the user makes a command by gesture,
movement of the arm of the virtual character is generated in real-time according to the
sensed hand position of the user. For this purpose we implemented a real-time inverse
kinematics (IK) routine [5].

Two kinds of IK solver were implemented. One is an analytic solution for 2-link
IK problem and the other is for multi-links by using the inverse rate control. We as-
sume the links are arms. Our 2-step IK solution for the 2-link case consists of finding
the incremental transformations for the elbow and the shoulder. If an original trans-
formation matrix is R and a new needed incremental transformation is AR, then a new
transformation matrix becomes AR-R. The detailed 2-step algorithm is as follows.
First, we calculate the desired elbow angle 6”2 from L1, L2, the goal position, and the
base joint position. L1 and L2 are the length of the upper arm and the lower arm,
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respectively. If we designate L3 as the distance from the base to the goal, 62 is
given by

“

A02 is (0”2 - ©2), and the incremental transformation for the elbow, AR2, is a rota-
tion by AB2 with respect to the axis of rotation that is perpendicular to the plane
formed from the three joints. The second step is positioning the end-effecter to the
goal position by adjusting the shoulder joint. This is similar to the first step and A01 is
calculated. The axis of rotation for AR1 is the line perpendicular to the plane formed
from the base, the goal position, and the intermediate end-effecter position in the first
step. Without additional calculations for exploiting the redundancy in the elbow joint,
our algorithm produces a fast and natural-looking solution given an initial natural
configuration. Initial configuration is restored after each execution of the algorithm to
avoid losing the original posture and drifting with an unfeasible posture.

For the multi-link IK we applied the inverse rate control as in. This method uses
the Jacobian matrix and numerical integrations. The process can be abstracted by
following equations.

x = f(8), Ax=JA@ )
A0 = J Ax, Jt=JT(JJ")-1 (6)

Where J is a Jacobian matrix and J+ is a pseudo inverse of J. In order to obtain a
real-time result, the multi-link IK routine was formulated to solve an incremental
problem i.e. a final configuration becomes the initial configuration of the IK problem
at the next frame.

4 Experimental Results and Conclusions

We described the design and implementation of a real-time, collaborative, entertain-
ment VR interfaces on 3D display system. We developed projection-based 3D stereo
system, rendering using DirectX, intensity blending, geometry calibration of screen
and user interactions using real-time virtual character animations.

We evaluate three major components: interactivesness, completeness of game mis-
sion, and realtime performance. First two of them are tested through the depth and
size correction for stereo-scopic displays. The effective use of stereoscopic display
systems requires the perception in stereopsis especially to represent the physical ob-
jects as the realistic virtual scene. And we measure the frame rate to achieve real-time
performance(fig.6). The contents consist of objects which are non-playerable and
playerable with average 30000 triangles and simulated by a physics engine. The re-
sults shows that the frame rates are 60 billion polygons per second and uniformable.
So our proposed system is resonalble to be used VR game platform.



78

J.-d. Choi and C.-J. Hwang

00 1000 1500 2000 2500 200
fane

Fig. 6. Frame rates evaluation

Finally, our current research includes some futurer works on the wide interactive

display such as the automatic calibraion of multiple projectors and color.
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Abstract. Rapid Product Development (RPD) is a product-development
technique that includes experts collaborating in a multi-disciplinary
environment. Products consist of components. A component can be used in
various products. These can be represented by a network structure (semantic
network) consisting of vertices (objects) and edges (relations). Modifying a
vertex can change other vertices within the network. In the Active Semantic
Network (ASN) these modifications are propagated automatically. The RPD-
Information is stored in the ASN knowledge base. Changes of referenced
objects should be automatically taken into account within the ASN-database.
Reciprocally, changes of an object attribute should lead to modifications in the
referenced files. For the synchronization, object-lock mechanisms and access-
control to the knowledge base are necessary. The concept presented here allows
locking objects and also individual attributes. Object status and attributes allow
regulating the access and the necessary steps for consistency re-establishment
after system crash.

Keywords: Active semantic networks, locking, concurrent engineering, rapid
prototype development (RPD), Knowledge basis consistence.

1 Introduction

This contribution was accomplished in the context of the SFB-374 research project,
whose activities are focused on the development of methods and tools to reduce
iteration cycles in product development. Active Semantic Networks (ASN) were
developed for the improvement of product development practices [01]. One very
important task was setting up a knowledge base containing and administrating cross-
linking information and all development-relevant data.

The knowledge base most represents the current state of several parallel-running
development-processes. Which objects can be processed in parallel must be clearly
regulated. Finding and using synchronization techniques belong to the most important
tasks.

2 ASN Knowledge Base

The ASN-knowledge-base consists of the ASN-database and a collection of files
referenced in the database. Some ASN objects can be fully described in the database
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(e.g. a working group), others only partially by their attributes (e.g. a construction
unit); their remaining information is contained in referenced files (e.g. CAD models).

The ASN-database is based on the URDM (Unified Relational Data Model [02],
[03], [04] and [05]), a simple database design, which allows representing very
complex databases with only a few tables without losing information.

The basic idea is having object-specific tables (RDBS) or classes (OODBS) with
different data field/attributes and converting them into a new table/class named
Attributes. This new table/class has at least three fields/attributes: Object_ID,
Attribute and Attribute_Value. Other field included is Status(from...to) to establish
the validity period.

All objects are collected in the table/class Objects, which at least has the
attributes: Object_ID, Object_Type and Status(from...to).

The relations between objects in URDM are record sets of a table named Net
that has the fields: Objectl, Relation_Type, Object2 and Remark.

Status
User_ID
;E::Object D KindofObjects
—_— Database
Status Daturm_from
Constr_ID — Dratumn_from Daturn_ta
= | Formua Datum_to Remark
Constrainame . k=
Status Attrlhut._ID
AccessPermission | GSr= s 1
m Datum_from — |variable_Mame ]
Datum_to Status Object_ID
FormulalD —_— - AktributMame
Description Attribut¥alue
Formula Status
FormulaPicture Datum_from
) Daturn_to
Variable_Name —

Fig. 1. Simplified presentation of the Unified Data Model

The URDM-design is presented in figure 1. The tables Objects, Attributes and Net
would be sufficient for using the database.

The table Hyperlinks was added in order to gather the places where the referenced
objects are stored. All copies of the referenced objects are included in the Hyperlinks
table, but only one can have the Master status. The relation “A is a version of B” may
be added using a name convention. Naturally, all referenced objects and their copies
are saved where they are needed the most.

3 Transaction Security

The problem of transaction security is very complex and in this contribution only
some important aspects are considered. For the transaction and data security a
conception was elaborated, which differentiates between consistency states and access
methods to the knowledge base.
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3.1 Access Methods

Read Access 1: The read data (e.g. project costs) should stay unchanged some period
of time. While performing this reading, all related dependent objects should be
locked.

Read Access 2: This read mode corresponds to the usual Read (just reading attribute
values, without durable consequences). With the read mode 2, objects dependent on
the read object should not be locked.

Change Access: Object attributes or hyperlinks assigned to it are changed. All
dependent objects must be locked.

3.2 Knowledge Base Consistency States

Consistency state 1: Data in the database is complete and consistent. Object
attributes contained in the database fulfill all constraints conditions and correspond to
the attribute values in the referenced files. Also the attributes values in referenced
files correspond to the values in the database.

Consistency state 2: The ASN knowledge base is not in consistency state 1.
However, the database contains the necessary information, in order to cause
automatically or manually the consistency state 1 if necessary. Precisely here the
status attributes play a central role.

Example: The attribute values of some objects were changed. The calculation of the
attributes dependent on constraints can be accomplished e.g., by the solution of
equation systems. The solution could take relatively much time and be seen as a long
transaction. In order to reach consistency state 2, in a first step objects and object-
attributes status are set, which show, which input sizes will be dealt with. Setting
status attributes can be seen as a short transaction. A system crash during the solution
of equations does not mean an information loss, since the status attributes are only put
back after the complete execution of the computation procedures. The status attributes
set before the system crash show which changes must be still accomplished. In
normal operation, the knowledge base is nearly always in consistency state 2 and only
in the “quiet phase”, after the execution of all transactions, in consistency state 1. The
ASN remains also after the system crash in the consistency state 2

Consistency state 3: The ASN knowledge base is neither in consistency 1 nor in
consistency 2. However, the ASN users can bring the knowledge base into one of
them. Consistency state 3 is a legitimate but unwanted state. Examples: Some
referenced objects were deleted or changed without declaring it in the status
attributes. Objects in the database were erroneously deleted and referenced files or
dependent objects exist further. In case of a total loss of the ASN database it should
be possible to continue working with different applications.

The transition from consistency state 3 to 1 or 2 must be accomplished partially
manually by the system administrator. It is important that, during the ASN operation,
consistency state 2 can be achieved through short transactions. The transitions can be
activated with the help of the implementation of ECA (Event, Condition, Action)
rules directly or with coordination agents.
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3.3 Undo Function

The tables Objects, Attributes and Relations have defined validity period attributes. It is
possible to achieve old database states using this attributes. This is an important aspect
of the security philosophy.

3.4 Referenced Extern Data and Applications

Changes of referenced external files, e.g. CAD models, are accomplished by external
applications (Catia, MS Excel). Such changes can be regarded a long transactions of the
knowledge base, but not as transactions of the database. They do not fulfill according to
ACID the atomicity criterion. Processed intermediate stages of work can be stored as
versions. For each version of an external file an object with suitable attributes in the
database can be provided and assigned. User-specific programs must be developed for
the automatic adjustment of attribute values in the database and the external referenced
files.

4 Lock Mechanisms and Attribute Status

In earlier ASN versions the locks could be set only on objects. In the current version it
is possible locking several attributes and their status attributes.

4.1 Short and Long Transactions

Different changes in the ASN knowledge base take different times. Transactions can
be roughly divided in 4 categories.

T1. Set/change of attribute values. Acceptance - attribute values are known before the
transaction. It concerns very short transactions in the database, where ACID
(Atomicity, Consistency, Isolation and Durability) conditions are always fulfilled.

T2. Determination of object dependence, marking of selected objects and attributes by
setting status values. Determinations are based on the Constraints tables or on table
Net. These transactions are also relatively short and the computing times lie in the
seconds range.

T3. Dissolution of constraints. Constraints are mathematically very different and can
lead generally complex nonlinear sets of equations and/or inequation systems. This
can lead to computing times within the range of milliseconds up to minutes.

T4. Into this category belong the manual treatments of objects with many attributes,
treatments of referenced files, and manual synchronization of object attribute values
in the ASN database and in the referenced files. These transactions are often very
long, the treatment of a complex CAD model can take up days, weeks or even
months.

Since the marking procedures of the objects belong into category T2 and take
relatively short time, they should initiated only by one user at a time. The marking
accesses are regulated by the table DBObject. The status value busy means that a
marking procedure was started. The remaining data-fields show who started the
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marking procedure and when and to which object the marking procedure was started.
The status value free means that a new marking procedure can be started.

4.2 Status-Attribute Values

All objects on which object A depends are called "predecessors of the object A". All
objects whose attribute values are dependent on object A are called "successors of the
object A". Cyclic dependence (closed dependence loops) are possible.

Case 1: determination of status attribute values with read access 1 - reading of all
attributed of object A is intended:
0 - Initial state, no lock;
1 - Object is read, all predecessors must be marked;
2 - Object is read, all predecessors are marked;
3 - Reading, the object A is being read;
4 - Object was read, predecessors must be unmarked.
With object state 1-4 all attributes of predecessors are automatically locked.

Case 2: determination of status attribute values with read access 1 - reading of only
certain attributes of object A is intended:

0 - Initial state, no lock;

151 - Object is read, all predecessors and their relevant attributes must be marked;

152 - Object is read, all predecessors and their attributes are marked;

153 - Reading;

154 - Object was read, predecessors and relevant attributes can be unmarked.

Status values (marking) of selected attributes:

11 - Selected attribute is read;

12 - Objects and attributes, of which the selected attribute is dependent, are marked
13 - Reading, the value of the selected attribute is being read

14 - Value of selected attribute was read, predecessors’ attributes can be unmarked.

The use of the status attribute values described in the case 2 increases the
possibility for parallel treatment of ASN objects because not whole objects but only
certain attributes become locked. However, in order to be able to use the attribute
locks, dependences between individual object attribute values must be created. If this
information is not available, it can only be worked with locks as those described in
case 1. With the read access 2 no object or attribute locks must be set.

The cases 3 and 4 refer to change accesses in the ASN knowledge base.

Case 3: determination of status attribute values with change-accesses to object A.
These change-accesses concern all attributes of object A and all attributes of
dependent successors:

0 - Initial state, no locks;

61 - Object is being changed; all successors and referenced objects must be marked;
62 - Object is being changed, all successors are marked;

63 - Recording procedure, it is being worked on object A;

64 - Object has been changed, all successors must be updated

65 - All successors were updated, successors must be unmarked.

With status 61-64 all attributes znd referenced files are automatically locked.
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Case 4: determination of status attribute values with change-accesses to object A That
change-accesses concerns only certain attributes of Object A and attributes of
SUCCESSOrs:

0 - Initial state, no locks;

161 - Object is being changed; all successors and their relevant attributes must be
marked;

162 - Object is being changed; all successors and their attributes are marked;

163 - Recording procedure;

164 - Object has been changed; all successors and referenced objects must be
updated;

165 - Successors must be unmarked.

Status values (mark) of selected attributes:

21 - Attribute is being changed;
23 - Attribute is in treatment;
24 - Attribute value was changed.

The use of the status attribute values described in case 4 increases the possibility
for parallel treatment of ASN objects because not whole objects but only certain
object attributes become locked. However, in order to be able to use the attribute
locks, dependences between individual object attribute values must be created. If this
information is not available, it has to be worked must only with locks as those
described in case 3.

Status Values in the Table Hyperlinks

0 - Initial state;

31 - Object to that the hyperlink file pertains is being changed; the hyperlinked file
must be treated later;

32 - Object to that the hyperlink file pertains was changed; the hyperlinked file must
be treated. When the treatment of the hyperlink file is done, the status attribute value
is set to 0 again;

33 - Hyperlinked file is being changed; object corresponding to the hyperlink file and
further dependent objects must be marked;

34 - Hyperlinked file is being changed; object corresponding to the hyperlink file and
further dependent objects are marked;

35 - Hyperlink file was changed. The object corresponding to the hyperlink file and
further dependent objects must be updated.

5 Summary

In this contribution examples were shown, on how the status attribute values of the
objects and attributes can be set in order to reach consistency 2 in the knowledge base
at any time. Even if the system would crash, status information is present for reaching
the complete consistency of the knowledge base. The status values of an object and its
predecessor (read-access 1) or its successors (change-access) change coordinately.
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The coordinated changes of status value can be realized by ECA rules or by

coordination agents. The system for the definition of the status values suggested here,
can be still refined and further developed. The status values of objects have first soft
locks. They warn the potential user, which would access information, which is would
soon changed or that change access may be incompatible with other user’s accesses.
Nevertheless, if an access is to take place, arrangements between the users of the
knowledge base must be first met.

The use of the status attributes offers support during the objective definition and

locks when needed but using only as few as possible.
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Abstract. This paper presents a solution for cooperation between companies
that belong to a supply chain in the ceramic tile sector, where competitiveness
requires constant innovation in product design. Since it is becoming ever more
frequent for these companies to design products and work collaboratively
within the framework of the Extended Enterprise, a need arises for a
methodology for the successful implementation of collaborative practices. The
main contribution of this research work lies in the definition of a collaborative
infrastructure for cooperative design that enhances interaction and knowledge
management between different firms using information technology tools and,
particularly, PLM solutions. The methodology used to achieve an efficient
implementation is based on process modeling. Design processes are not always
structured; there are continuous changes due to engineering modifications, and
this fact makes modeling harder. Consequently, the definition of collaborative
processes will allow a deeper understanding of product development activities.

Keywords: Virtual Enterprise, Collaborative Design, Product Lifecycle
Management Solutions, Ceramic Tile Cluster.

1 Introduction

If the Extended Enterprise is to be efficient, it must have a good supply chain
management, which requires improvements in the planning and management of
interrelated complex systems in order to increase productivity.

Although the concept of supply chain was developed a little more than two decades
ago, we could say that researchers are recently paying attention to solve the problems
of virtual organizations [1]. This involves a terminology that was incorporated in
order to define an advanced logistic technique that focused on the integral control of
company flows [2].

Over the last few years, the level of integration actually involved in the definition
of Supply Chain Management is being reviewed and improved. Nowadays, other
concepts such as Synchronized Supply Chain, Supply Chain e-collaboration or
Extended Concurrent Engineering (3D-CE; Product/Process/Supply Chain) have been
incorporated into the cultural heritage of this area to greatly enhance these limitations.

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 86 2005.
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In this new era of globalization it is becoming more frequent for companies to
design products and to work collaboratively within the framework of the Extended
Enterprise (EE), since this enables them to reduce the number of operations and
processes that add no value and thus achieve better and more robust products through
supply chain management.

Information Flow

= x>
=7

/\

Suppliers IT links | Manufacturer Advanced IT links Manufacturer IT links Customers

[ |

S
| Product flow >

Fig. 1. Extended Enterprise information flow [3]

As we can see, Information and Communication Technologies (ICT) have allowed
the integration of several activities within the company and with the enhanced
capabilities of the Internet, the initial ideas of extended and virtual organizations can
finally be deployed (Fig. 1).

However, from the technological perspective, it cannot be said that the solution
could only come from the implementation of computer support tools. It is clearly
recognized that Information and Communication Technologies, and more particularly
those based on the web, can be of great help in integration and collaboration and,
moreover, that the concept of collaborative engineering and cooperation is closely
linked to the use of web services (e-collaboration). Yet, the real situation of many
implementations reminds us that integration and collaboration cannot be achieved
between the different agents involved by simply adopting the required technology.

Therefore, there is a need not only for a web-based tool for collaboration (CSCW
or PLM) but also a framework that allows for the integration and coordination of
product life cycle processes and the exchange of information between agents (expert
applications or individuals).

2 Collaboration Framework for Supply Chain Models

Although the idea of the Extended Enterprise linked to the supply chain is relatively
new, a small number of firms have begun to implement its principles. Competitive
pressures, an instinct for survival, and the realization that their traditional business
model was likely to fail, typically have driven these firms to adopt this new
organizational model. For example, the Airbus consortium of four of Europe’s
aerospace companies joined efforts and fortunes to create an airplane, the Airbus,
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which was a response to Europe’s shrinking share of the commercial airline business.
Attempts are now being made to implement this initiative in other sectors that seek
collaboration with new technologies in their product development process.

We could say that the Extended Enterprise is the entire set of collaborating
enterprises, both upstream and downstream, from raw material to end-use consumers
that work together to bring values to the market. The advantages of the Extended
Enterprise derive from an enterprise’s ability to quickly utilize the entire network of
suppliers, vendors, buyers, and customers. The flows of information that lie at the
core of the coordination and collaboration among network members not only link
disparate information sources, they also provide an opportunity to build knowledge-
based tools. Enterprises engage in longer term partnering relationships built around
mutual goals and accompanied by a very rich and deep exchange of information.

However, we can find several network topologies that can configure an extended
Enterprise or combination of them (Fig 2).

Fig. 2. Different types of configuration for an Extended Enterprise

Success or failure is now a function of the collective performance of the enterprise
and not individual actions. Companies must participate in effective chains, linked by
trust and a belief that one partner will not act opportunistically at the other’s expense.

But the success of e-collaboration, mainly in the product development process, is
not possible merely by investing in technological solutions. Suitable implementation
of these solutions is also required and the enterprise must be correctly prepared for
this new project; such preparation will be the first step of the implementation stage.
First, in this preparatory stage, it will be necessary to have a global knowledge of the
situation of the enterprise, as well as how and to what extent it will be affected.

The Collaborative Engineering (CoE) concept confirms the same principles as
Concurrent Engineering but on a wider scope. The concurrent development of
products and their processes remains the core of the philosophy. However, new
concepts such as coordinated decision-making (related to product and project) and
information technology have been added.

In this way, the core of Collaborative Engineering is the workgroup, usually
geographically dispersed, working in an Extended/Virtual Enterprise context. As in
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Concurrent Engineering, a workgroup implies people from different fields,
departments and even enterprises working together on the development of the product
and throughout its life cycle. Concurrent Engineering was not focused on how this
collaboration and cooperation among the team members takes place. However,
Collaborative Engineering does focus on this issue. The new enterprise models of
Extended and Virtual Enterprise imply a new way of working, where the team
members are geographically dispersed and collaboration must fit the inter-enterprise
contracts [4].

This implies the need for a cooperation framework for Information and
Communication Technologies which can support not only cooperation and integration
among the members but also good process and project management and knowledge
management [5]. With this aim, a research project is being developed in order to
apply these ideas regarding the design process within a ceramic tile supply chain [6],
where virtual enterprises can be created supported by a cluster with a collaborative
infrastructure.

3 Research Approach

Spain is the second most important ceramic tile manufacturer and exporter in the
world. Within the ceramic tile sector 75% of the supply chain’s stakeholders are
gathered in the area of Castellén, which accounts for 90% of the Spanish production.
This success is, in part, due to the informal relations among the different members of
the supply chain. These relations constitute the beginning of a structured collaboration
called “collaborative ceramic cluster”.

From this predominant position, the Castellén ceramic tile sector will have to face
new challenges in the new Product Introduction and Development environment.
These companies are aware of the difficulties; such as the high rate of references that
forces the sector to manage more than 6.000 references at the same time, and the
launch of new products comes up against problems since companies are bound by fair
timing.

For these reasons it is extremely important to invest in new product development
and innovation processes to improve the quality of ceramic tiles. Moreover, ceramic
tile enterprises with a high capacity for organizational learning and design
management will be the most competitive and profitable enterprises.

To help enterprises to face these challenges, the Industrial Enterprise Innovation
Center (CINEI) is developing a research project (CE-Tile) that promotes business
collaboration and resolves information and activity management problems in new
product design and introduction processes.

Therefore, the ultimate aim of the project is to solve problems in the management
of the information associated to the development and introduction processes of
ceramic products by creating a process model using Information and Communication
Technologies, together with the Internet, to set up a network that enables companies
to collaborate and to share knowledge.

The experience of the sector in the implementation of ERP systems (for shipping,
invoicing and production) using applications for large business management
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solutions, like SAP, has made us see the need to have some models adapted to the
typology and specific characteristics of the products and processes of the sector.

One specific objective that stands out is the development of a pilot project, which
is based on a commercial software solution (SAP PLM), and allows the integration of
diverse sub-systems such as creative and graphic design, product development and so
on, carried out by the enterprise or by others in the supply chain.

The pilot project is being developed supported by a methodology that reproduces
life-cycle phases of the Extended Enterprise with ICT tools to build up the Virtual
Enterprise (VE). This VE is created with the objective of designing and developing a
floor tile series/model. The enterprises that belong to the sector supply chain and are
involved in the development of this model form the VE [7]. With the aim of
improving cooperation, concurrency, information and knowledge exchange and
reducing time to market, the pilot project is developed in four phases:

1. Creation of the basic infrastructure of the collaborative cluster and the foundations
of the VE.

2. Creation of the VE and configuration of the operating infrastructure.

3. Execution of the experience of series/model design and development.

4. Analysis of the results from the pilot project. Implementation planning in
manufacturing.

The solution reached, and the experience gained during the first two phases, have
shown the need for an implementation team consisting not only of the supply chain
firms themselves and the project leader (CINEI) but also the support of a consulting
enterprise and a software developer company. The real problems arose when finding a
general framework for collaboration. Therefore, a general solution was developed in
order to make it feasible to extend it to other supply chains.

4 Findings

The first studies on product development processes have illustrated that, traditionally,
there is a certain amount of collaboration among all the actors in the design chain.
This collaboration is interdisciplinary and takes place among commercial technicians
from the enamels and colorings industries, graphic designers, production and product
development technicians from the ceramic tile industries, as well as mold
manufacturers. Although this collaboration has not been accomplished to any large
extent, it is a consequence of the competitiveness that exists within the sector, which
is expected to be really fierce. Moreover, it has also been detected that capital assets
are sometimes crossed between companies involved in the logistic chain and, more
particularly, in the design chain.

Therefore, for the first phase, a basic infrastructure of the collaborative cluster and
a foundation for the VE was set up and a model of the current state of product design
and development process was produced, so that a diagnosis could help to propose the
final collaborative solution.

After the analysis, a descriptive model of cooperation was developed with IDEFO
methodology in order to describe the activities that transmit and transform the
information (Fig. 3). It shows how people should act or work together for the
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particular purpose of designing ceramic tiles and to help other partners willingly when
it is requested. It also recommends the collaborative project management activities
that coordinate timetable and product related information so decisions can be more
efficient. This model goes beyond the idea of a process model in that it includes
strategic level and medium level processes and reflects cooperation and coordination
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Fig. 3. Process model for Collaborative Design

A second model (operational level) was carried out to set up the different
interactions among the members of the VE collaborative team. The model helped to
clarify the workflow process as well as the communication channels to transmit
information among the different technical activities using an ICT tool (Fig. 4).
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Finally, a third model was created in order to capture the knowledge generated
during the collaborative design process (Fig. 5). It helped in the selection of processes
and functionalities of the PLM tool and the customization required by the models.
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During the second phase the operating infrastructure for the pilot project was
determined and the business processes that had to be improved were identified. A
number of supply chain companies were selected for the pilot project (third phase)
and the bases of the VE agreements were established. As a result, the configuration of
the operative infrastructure of the Design Project allowed the definition of the
Ceramic Collaborative Cluster (Fig. 6).
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5 Conclusions

The main contribution of this research work lies in the definition of the minimum
descriptive models required to build up a collaboration infrastructure. These models
determine the needs and requirements that must be demanded for the implementation
of collaborative solutions with ICT tools — in this particular experience with a Product
Lifecycle Management application. The development of these descriptive models is
important to researchers because, on the one hand, the literature on this subject is
scarce and, on the other, they provide us with a deeper understanding of the activities
associated to product development by defining the collaboration processes
(coordination, cooperation and knowledge management) that take place.
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Abstract. In order to reach competitive advantage, manufacturing firms need
not only to coordinate business and cross-border activities, but must also
integrate and improve internal processes, coordinate access to internal and
external knowledge, exploit and develop their employees’ capabilities. In a
manufacturing context, there are several levels (equipments <> processes <>
products <> market) which are related, and the competitive advantage and
success in the market depends on the synergy of these levels. In all phases, we
have people and specific information associated, and the handling of specific
information by people, in a context, together with a usage experience,
comprises knowledge creation. In this work, we describe a case at a Brazilian
Oil Company. This company was losing knowledge on its first level of the
manufacturing chain. In this paper, we will describe this problem, as well as the
procedures to solve this problem, and the Knowledge Management environment
created to support the process.

1 Introduction

In their search for competitive advantage, manufacturing firms need not only to
coordinate business and cross-boarder activities, but must also integrate and improve
internal process, coordinate access to internal and external knowledge, exploit and
develop their employees’ capabilities. These internal processes are totally related to
design operations.

Penrose, in [1], argued that a firm is not a homogeneous unit, but rather a
“collection of resources”, in which the heterogeneity of the services contained in its
resources makes a fundamental difference to the strategic goal of the firm. As shown
in Fig. 1, in a manufacturing context, there are several related levels, and the
competitive advantage and success in the market depends on the synergy of these
levels. In all phases, we have people and specific information associated, and the
handling of specific information by people, in a context, together with a usage
experience, comprises knowledge creation.

At a first level, we have the equipment used by operators and handled by
technicians. Equipment is an important part of the manufacturing process because it
comprises the basis for the transformation process and product creation. Their non-
operation or sub-operation compromises the entire process.

Y. Luo (Ed.): CDVE 2005, LNCS 3675, pp. 94— 2005.
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At a second level, we have the processes, which can conceive, design or handle the
placing in the market of products. Specific activities of a process need to be executed
by people with particular expertise or competence.
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Fig. 1. Related levels and their relationships in a manufacturing chain

The result of a process is a product (third level). This product, or the services
related to it (as support, consulting or technical support), will be launched onto the
market and at the last level lies the market position, as the consumers’ acceptance or
rejection of the new product and the competitive reactions. The latter level purports
wide horizons and can be considered as strategic. There are linkages between the four
levels, as operational decisions trigger improvement activities, and improved
activities augment the strategic decision space.

In all stages, we have knowledge creation (which should be managed) and a good
performance of a stage brings forth significant contributions to the other stages.
Looking at the first level: equipment. Knowledge about equipment allows for the
choice of the right equipment to be used in a production process. The appointment of
persons who can handle equipment with success guarantees fast execution. In general,
operating standards - described in manuals, technical descriptions and operational
instructions - communicate sets of codified rules to the shop-floor personnel and are
used to guarantee the control of the manufacturing process.

Processes are a set of activities executed by people with different competences. In
a manufacturing process, a team is usually multidisciplinary, and the process model
and the activity specifications comprise a kind of knowledge. The documentation and
codification process is a facilitated, but participative, process which generates
knowledge by extracting tacit knowledge from those involved [2]. Depending on the
human resource practices, this process may be iterative, continuously constructing
new knowledge, permitting, as an example, that well-trained and experienced
operators may collaboratively find better ways of doing the work. These constitute
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improvement activities (in the processes stage), which usually result in updating the
related documentation, or solely in establishing new practices. In addition,
improvement activities may be more formally organized as planned meetings with
structured agendas which use data from performance measurement systems and
personal experiences to improve operations and their associated documentation. Well
defined and properly executed processes allow products to reach the market faster,
as well as the creation of better and innovative products.

Creativity and innovation of products based on knowledge is the core of
competition in global manufacture industry at the beginning of the 21* century [3].
Clients’ opinions, competitive positions and product information itself in the form of
drawings, recipes, nominal capacities, and others, is translated into process data under
the form of a reengineering process and improvements. Consequently, this forces the
creation of new equipment or improvement of the equipment used to lead faster and
better processes.

It has been shown that the knowledge management practices within the process
development function and across the product-process interface significantly influence
the performance of the process development process [4]. The entire chain (equipment
«— processes <> products < market) has to work as a gear: in unison and
continuously.

To exemplify these questions, we describe in this paper a case at a Brazilian Oil
Company. This company was losing knowledge on its first level of the manufacturing
chain: it was “forgetting” about its equipment. This then reflected on the entire
production. Firstly, in section 2, we will describe the problem. Next, we describe the
procedures to solve this problem, in section 3, as well as, the Knowledge
Management environment created to support the process (section 4). Finally, in
section 5, we comment on the conclusions and our future works.

2 The Problem

The problem faced by the cited enterprise is typically a problem of “knowledge
loss”. This company owns several pieces of equipment from finding and extracting
petroleum to the manufacturing of byproducts. At the refinery, several pieces of
equipment are used but, in due time, a great deal technical information about these
was lost. Knowledge about handling the equipment, its types, applications, purposes
and operation, was only in the minds of more experienced employees. That is, if a
more experienced employee, holder of critical knowledge about important
equipment, is dismissed, retired or transferred to another section, he/she takes this
knowledge with him/her. That is, the company loses its knowledge.

Another problem, which we deem of greater complexity, is that the company
does not have the ability of knowing what it actually knows, in other words, the
competences mastered by organization, thereby bringing forth greater difficulties to
discover specialists in different kinds of equipment. The attempts of solutions are
described in section 3 and section 4.
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3 The Equipment Reengineering Process

This process purports some steps, as follows:

1. A person responsible for the sector defines a set of more important
equipment, which will be documented.

2. A piece of equipment from this set is chosen.

3. An operator or technician, who knows about the equipment and its
functions, is sought within the institution.

4. The equipment is photographed.

4.1. 1If possible, the equipment is opened to be photographed inside.
4.2. If not, the equipment is photographed only from the outside.

5. The operator or technician, who was chosen in step 3, is interviewed
about the equipment. All information is documented.

6. Information about the equipment 1is searched in external sources
(books, magazines, internet, etc.)

7. A designer analyzes the photos and all information obtained about
the equipment and drafts some sketches, as shown in Fig 3.

8. A number of experts in graphical computing, with the sketches and
all information about the piece of equipment, perform the 3D
modeling of the equipment, as shown in Fig 2.

9. A simulation of the equipment in operation/running is made, and
recorded in a video archive format.

10. A number of experts validate the simulation.

10.1. If not correct, return to step 8.

10.2. If it is correct, all information (information obtained, photos,
sketches and simulation) are available to any employee, in an
organized and categorized way, in organization and the process returns
to step 2.

As the company does not have a specific way to document and search by
competences, finding a person with a specific expertise is heavy work. The search is
based on a sequence of interviews, attempting to identify a certain person to
participate in the process.

The idea is to use these simulations as sources of learning, permitting that a
inexperienced workers learn as an equipment works.

PECA BASE REDUTOR

Fig. 2. A part of Reducer Pump (P-6401) Fig. 3. Reducer Pump (P-6401) sketches and
modeling photos
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4 Knowledge Management Environment

An environment was envisioned to provide all support to the Equipment
Reengineering Process, as well as to provide all tools to help putting in place of
knowledge in the company. This environment is titled GCE, the acronym of “Gestdo
de Conhecimento em Equipamentos” (Equipment Knowledge Management). The
GCE architecture, as shown in Fig.4, is detailed in the following sections.
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Fig. 4. GCE Architecture

4.1 Personal KM Services

This module is responsible for providing functions for an employee to manage his/her
personal knowledge, as well as information about him/her. This module provides
services such as:

- Curriculum Vitae — The curriculum vitae is one way of keeping information about
a person. This information comprises the name, personal information such as address, e-
mail, home page and phone, academic background, professional activities, language
skills, scientific production, advisory and prices. In addition to this information, the user
should state in what his/her competences and his/her degrees of expertise are.

- Personal Blog — it acts as a tool to provide personal knowledge management. and
reflects some topics about the user's profile. In the GCE, by combining the output of
several chosen weblogs, you obtain a tailor-made publication and contact with people
with the same interest as yours. Moreover, the evolution of employee’s interest and
involvement about a topic is registered, as a chronological record of his/her thoughts,
knowledge, references and other notes that could otherwise be lost or disorganized

- Mental Maps - In the GCE, the user can construct mental maps to define
concepts, help in brainstorm sessions and simplify the job of discussion graphically.
Users can display some concepts as public, so that anyone can see the concept, its
relationship with other public concepts, and its definition.
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4.2 Project Management Services

This module is responsible for providing services to: i) define and execute a project
by a workflow tool, ii) store the knowledge created during project execution, and iii)
permit knowledge reuse.

- Define and Execute a Project — The project manager or responsible employee
creates the project model, with the activity sequence and the needs for the execution
of each activity: competences necessary for execution, inputs, outputs and tools. The
project-model creation is defined in a workflow graphic mode, and process execution
control is performed by a workflow engine.

- Knowledge Storage during the Project — During activity execution, the involved
parties can add all kinds of explicit knowledge to this activity, such as reports,
documents, manuals, comments, suggestions, better practices, mistakes and ideas. Then
all steps in the activity execution can be documented, and in the future we can track all
kinds of created knowledge and the context in which it happens, an important factor for
an inexperienced employee to learn about the process in a domain. The process model
itself is a kind of knowledge which should be stored for further access.

- Knowledge Reuse — Previous process-models and the knowledge described in
their instance activities can be reused in full or in part by other users.

4.3 Community Services

One of the main focci in the GCE is virtual-community creation, created by groups of
people with a common interest, who could exchange information and work together.
This module displays a number of tools to improve the interaction between people in
a community, as such survey, forum, news, scheduled e-meetings, public library and
events. Also, all conversation in an e-meeting is stored and categorized in one or more
Knowledge Areas.
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4.4 Knowledge Visualization and Navigation Services

It is composed by:

- Hyperbolic Tree —In the GCE, as shown in Fig. 5 and Fig. 6, the hyperbolic tree
is used to visualize the Equipment Ontology. The user can navigate by this ontology
and by all information related to a knowledge area, as projects (in green),
competences, people (in blue) and communities.

- Conceptual Project Map — permits a tree-like visualization of a specific project.
Thus the user can see all related information of a project, such as materials,
contributions, participants, collaborators, managers, knowledge areas and
competences which are pre-requisites and the workflow model. This map permits
searching over it, and opening a matching node.

4.5 Competence Services

Currently, the main problem in an organization is the inability to discover what it
knows, what are its abilities are, what its employees and experts know and in which
knowledge areas they work. A way of reasoning the competences of a person is by
analyzing the documents that this person creates, edits and manipulates, and the
frequency of these operations. These documents can be texts (as publications or notes),
mental maps, project definitions, e-mails, blogs, and others. The services provided are:

- SMiner — Fundamentally, the SMiner function is to mine competencies based on
texts/publications. In our approach, we use the Stemming technique to measure the
relevance of a term by removing suffixes in an automatic operation. Terms are related to
a person’s competence, and these competences and the expertise degree (using the
measure of relevance of a term) are stored in the database. Finally, after the mining, it is
possible to check the mapped abilities in a report provided by the application.

- Competence Searcher - Moreover, as important as identifying competences is
searching for them and inferring the most similar competences when we do not find
them. Thus, in our approach, the competences are searched following this order of
priority: i)Declared competences — the competences that the person thinks she/he
has. These abilities are recorded by the person herself and saved; ii)Project
competences — correspond to the competences found in the employees’ developed
projects. We assume that if a person has worked in a project and executed an activity
which requires some competence to be executed, then, this person has this
competence; iii)Extracted competences — recovered from published text mining by
Sminer, described in the previous section; iv)Community competences — collected
from the communities in which the user participates or contributes. It means that
issues discussed in communities can be understood by their members.

The result of this search is an ordered list with these criteria.

- Weakness and Strengths - In this work, we use the mapped competences of an
institution to measure the weakness and strengths. Knowing weak and strong points,
that is, knowledge areas where the institution has a good representativeness and
competences that should be developed further, respectively, the institution can be better
positioned, developing planning and strategies to continue or to improve its current
position, enabling continuous knowledge dissemination, and increasing internal
interaction and collaboration.
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- People Recommendation for a Project and Community Recommendation.
The results of the competence search can be used as a support tool in decision-making
when project managers are choosing employees. Also, after the employee's
competence identification, our approach does the following: i) if there are no any
communities about a topic, the environment searches for a number of people with
similar interests and proposes new community creation or ii) suggests existing
communities that match in the profile of the future member. Depending on the topic, a
person can belong to more than one community.

4.6 Collaborative Filtering Services

In this service, documents, people, mental models, community and process models are
recommended to a new user based on the stated preferences of other, similar users and
communities. We use a Collaborative Filtering Spider which collects, from the Web,
lists of semantically related documents and assembled in communities.

4.7 Inference Engine

Reasoning about profiling is made in the “Competence Services”. This module is
responsible for extending these functionalities in order to infer cases or solutions (Case
Based Reasoning), and reusable content.

4.8 Analysis Services

Some tools are used for observing knowledge evolution, the evolution of communities
and comparative analysis by employees, departments and organizations.

All GCE modules are implemented and in use, with the exception of the
Collaborative Filtering Services, Inference Engine, Analyses Services modules, which
are in the development phase.

5 Conclusion and Future Works

Our work is based on an actual equipment knowledge loss problem in a manufacturing
company, a Brazilian Oil Company. Initially, we discuss about a common
manufacturing process and the knowledge exchange in it, we describe the problem and
the solution. This environment, called GCE, envisions to aim not only the Equipment
Reengineering Process, but also stimulates collaboration among people, knowledge
flow in the organization, knowledge creation and dissemination.

One future work comprises the use of details of the employees’ courses done in the
organization, as well as his/hers certifications, to identify competences. Currently,
competences are inferred using declared positions, information about projects,
publications and communities.

Presently, the GCE is a centralized-base environment. As future work, we envision
extending it to a distributed scenario. Moreover, we will measure how much the GCE
is aiding people and the organization to manage their knowledge and disseminate it.
Currently, all the results are subjective.
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Abstract. A constraint expresses a relationship among one or more variables.
Constraints are very useful in the development of collaborative applications,
such as collaborative CAD and CASE systems, but satisfying constraints in the
presence of concurrency in collaborative systems is difficult. In this article, we
discuss the issues and techniques in maintaining constraints in collaborative
systems. In particular, we also proposed a novel priority strategy that is able to
maintain both constraints and system consistency in the face of concurrent op-
erations. The strategy is able to resolve constraint violations in multi-constraint
systems and is independent of the execution orders of concurrent operations. To
illustrate the applicability of the proposed priority strategy, the applications of
the approach in various collaborative systems are discussed in detail.

1 Introduction

A constraint expresses a relationship among one or more variables. Interactive appli-
cations, such as CAD and CASE systems, may specify many constraints to confine
the relationships or states of constrained objects.

Maintaining constraints automatically is advantageous in collaborative systems. A
task demanding people to work collaboratively is often complex and may contain
many constraints. Thus, it is very practical and powerful for collaborative systems to
maintain constraints automatically on behalf of users. For example, when people work
collaboratively to design a project using Java Class notation, many conflicts may arise
if a system only relies on individuals to maintain Java single inheritance constraint.

Constraints are very useful in handling complex tasks in collaboration scenarios,
but satisfying constraints in the presence of concurrency in collaborative systems is
difficult. Concurrent operations may result in some constraints becoming difficult to
satisfy even though they may be maintained easily in single user environments. For
example, it is hard for us to satisfy the constraint defining “X=Y+Z", when three users
concurrently change the values of X, Y and Z. In addition, interferences among