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Abstract 

Engineering design is fundamentally social, requiring much interaction and 
communication between the people involved. Additionally, good design often 
relies upon the ability of a cross-functional team to create a shared 
understanding of the task, the process, and the respective roles of its members. 
Coordination and exchange of information between participants in a 
distributed product development team is technically difficult and time 
consuming, where different locations and time zones further complicate 
communication.  It is therefore important to provide tools and methods so that 
a geographically distributed design team can also collaborate as co-located 
teams do.  Successful teamwork in geographically distributed teams is not only 
dependent on formal meetings; they are also highly dependent on tools that 
support informal communication, such as opportunistic and spontaneous 
interaction. Such informal communication is responsible for much of the 
information flow in an organisation. 

A distributed engineering environment must support many forms of 
collaboration: formal meetings with high quality videoconferencing, 
brainstorming sessions where people use their body language and whiteboards 
to clarify their ideas, and informal and mobile communication. 

This thesis presents a distributed engineering environment that uses 
broadband conferencing, shared multimedia, shared whiteboards, application 
sharing, and a distributed virtual reality environment for sharing engineering 
information. The system also supports lightweight informal communication 
such as the web based contact portal combining several information channels 
in one place, e.g. e-mail archives, awareness cameras, diaries, instant 
messaging, and SMS. The Contact Portal is the natural starting point for 
initiating and maintaining contact with remote team members. The thesis also 
presents how mobility support for distributed collaborative teamwork can be 
designed.  

The physical environment where the collaboration is done is also very 
important; the design of several types of collaboration environments is 
presented and evaluated, from high end studios to low end personal 
workspaces. 

The development of the environment is based on several case studies of 
distributed work where the tools have been used and evaluated in a realistic 
environment in close collaboration with several industrial companies such as 
Volvo Car Corporation, Conex, Hägglunds Drives and Alkit Communications.  
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1 Introduction 
The first chapter of the doctoral thesis presents the background, motivation, 
and vision for this work. 

The design of complex products is increasingly a collaborative task among 
engineers working in teams. The complexity of modern products means that a 
single designer can no longer manage the entire effort. Many specialised 
groups work together in the design process to design complex products. 
Companies, therefore, are gradually increasing only the core competence in-
house staff and are depending on other firms to provide the complementary 
design knowledge needed for developing a complete product.  

Collaboration is made difficult when members of the design team are 
separated by many barriers including distance, time, organisations, cultures, 
languages, and different technical disciplines. One of the most important 
barriers to overcome between members in a product development team is the 
information exchange. Not only formal information such as documents, 
geometry, and other product data must be supported, it is also important to 
support the informal information sharing that is natural within a co-located 
team. This kind of casual, everyday interaction is vital to successful co-located 
collaboration since you can rapidly and continually exchange information, 
monitor progress, and learn about what others are doing. Today, the 
information exchange between participants in a distributed team is time-
consuming and technically difficult; therefore, the need for methodologies and 
systems for distributed collaboration are of great importance. 

The engineering research community has long been aware of the problem 
with sharing product information among and within organisations. This is 
often refereed to as a common problem in product design literature: 

 
Toye et al. [1] claim that: “team design is a process of reaching a shared 

understanding of the domain, the requirements, the artefact, the design 
process itself and the commitments it entails. This requires communication 
that is not supported by current CAD tools and PDM systems.” 

 
Wheelwright & Clark [2] claim that “management can influence the quality 

and effectiveness of cross functional integration by investing in tools and 
methods that create a language in which different functional specialists can 
communicate and interact.” 

 
Isaksson [3] claims that:  “Information infrastructure of design and 
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simulation must be improved to be able to collaboratively create a complex 
product where many partners are involved in the design process” 

1.1 The distributed engineering vision 
The vision is to create an open, heterogeneous, network-oriented environment 
for product development. The product development is performed by cross-
functional teams that cover all necessary functions; e.g. design, analysis, 
manufacturing, etc. The team benefits from computer tools for sharing and 
communicating information throughout the project. The team can also be 
located at different places when working together in a distributed collaborative 
design environment.  

The environment should work as a virtual meeting place, where members of 
a product development team can meet, share, and interact with engineering 
information (e.g. geometry, design documents, results from simulations and 
animations) as well as use conferencing techniques with high quality. 
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2 Problem formulation 
In this chapter, the research question and research approach are presented. 

The area of distributed engineering represents knowledge from different 
disciplines, e.g. engineering design, broadband technology, virtual reality, 
distributed collaborative environments, computer aided design, human 
computer interaction, and ethnomethodology.  Many research projects in 
distributed engineering have been performed by small groups and within one 
knowledge domain. Hence, developing such a system requires a multi-
disciplinary research effort.  

Another important issue is that the research shpuld be useful from an 
industrial point of view. Therefore, tools and methods cannot only be 
evaluated in idealised experiments, methods and applications must be 
evaluated in an industrial context.  

2.1 Aim and scope of research 
The aim of the research is: 
• to develop a distributed way of working in integrated product development, 
• to increase the knowledge of important aspects of distributed work,  
• to realise a distributed engineering environment, i.e. applications and tools 

that can be used for collaboration, 
• to improve data exchange in a distributed engineering environment. 

 
The focus is on support for small distributed teams in product development 

of mechanical products and on synchronous remote collaboration. 
The research will have more impact by using a holistic approach of 

improving distributed engineering instead of focusing on one or two tools, 
meaning that many of the implementations are done by people who are 
specialists in their own domain. With this approach, it was possible to test 
many new engineering research applications, such as distributed VR, 3D-
videoconferencing, and mobile tools, without myself having to implement all 
the tools. 
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2.2 Research questions 
The research question can be formulated as: 

How should a distributed engineering environment be designed to 
support collaboration in a distributed design team? Which new 
methods and technologies are needed to share, exchange, and 
interact with product related information in a distributed 
environment? 

2.2.1 Industrial and academic importance 
The described project has a large industrial relevance as product development 
teams tend to become more global, where today’s trend is product 
development being done in collaboration with subcontractors.  

In product and production development specifically, collaborative work 
between geographically distributed teams of engineers and designers has the 
potential to cut lead times, thereby reducing the cost and increasing the quality 
of the final product. Traditionally, in distributed collaborative teamwork, the 
quality of a co-located meeting is better than a distributed meeting.  The team 
members are also unaware of remote team members, have difficulties in 
locating people that are out of office, and have problems coordinating activities 
and initiating interpersonal communication. These are all key factors for a 
successful collaborative project.  

2.3 Research approach 
The key to design research is to develop knowledge founded on an 
understanding of the present, intervene and change the present into a more 
desirable situation.  

The research approach is based on an iterative design research approach 
similar to the approach presented by Minneman [4], where the researcher 
observes, analyses, and intervenes. It is also similar to the design research 
methodology proposed by Blessing [5]. This methodology uses a cycle of 
descriptive and prescriptive studies. First, a criteria definition identifies the 
aim of the research, focus, and finds criteria that enable evaluation. The 
descriptive studies follow the work and identify the factors that influence the 
measurable criteria. In the following prescriptive study, a theory and support 
are developed and a demonstrator or prototype is completed. These tools are 
then evaluated in a descriptive study. An illustration of this research approach 
can be found in Figure 1. 
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Observe
case studies

Analyze

Design/ Intervene
new tools and methods

 

Figure 1 The iterative design research approach. 

The research presented in this thesis is based on existing theories 
concerning distributed engineering, computer supported co-operative work, 
and product development. By using knowledge from existing research, a 
distributed engineering environment was designed in collaboration with 
specialists from other knowledge domains such as computer science and work 
science. 

One important aim was to use the distributed tools and methods in a 
realistic environment and not only in experiments and laboratory tests. The 
prototype environment was then used and evaluated in close collaboration 
with several industrial companies. These case studies created an extended 
knowledge of collaboration, which led to the development of improved 
methods and applications.  

Another goal was to present the users with applications that they were not 
forced to use, but instead were encouraged to use. However, if they disliked 
them, they were free to not use them. It is easy to see from this approach which 
tools were good (used a lot) and not so good (not used very much). 

2.4 Measurable criteria 
Some performance metrics must be used to evaluate the result of the research. 
It is difficult to measure metrics such as lead-time improvement because every 
design project is different and depends on many interconnected factors (e.g. 
the project group consists of different persons with different knowledge, goals, 
etc.). 

 
The overall aims must therefore be broken down to a number of measurable 

criteria; 
• By using the tools and methods for distributed engineering the quality of 

the work should improve. This is difficult do empirically, but can be done by 
a qualitative comparison of similar projects. 

• The tools should decrease the amount of travel. 
• Create tools so that distributed teams can truly collaborate, i.e. they should 

be thinking together instead of dividing work between the different teams. 
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3 Related work 
This chapter presents the related work from different knowledge domains. 

The related work is divided into different knowledge domains: 
• Product development 
• Information sharing and exchange  
• Computer Supported Cooperative Work 
• Physical environments for distributed engineering 

3.1 Product development 
Ulrich and Eppinger [6] define product development as:  

“the set of activities beginning with the perception of a market 
opportunity and ending the production, sale, and delivery of a 
product”. 

Product development has changed substantially in the last decade, moving 
from sequential to concurrent, and information exchange has changed from 
paper based documents to electronic data exchange. 

Advanced computer tools, graphics, and simulation methods are important 
tools for product development today.  Product concepts can be realised in the 
virtual workspace - simulations and visualisations can be performed without 
the actual manufacturing of physical parts.  

The process of product development has also changed substantially, many 
structured approaches for product development have been presented [6, 7, 8], 
and efficient methods and activities involved in a systematic design of a 
product are described.  

Concurrent engineering and integrated product development are closely 
related concepts for efficient product development. In concurrent engineering, 
members of a multidisciplinary team work together towards a common set of 
consistent goals, supported by an integrated computer environment where 
information is shared between teams, machines, and processes [9]. 
Development activities should preferably be carried out in parallel rather than 
a sequence.  

To achieve smooth cooperation between different functional teams a 
sophisticated concept for information exchange is required. It is important to 
work in a heterogeneous and distributed design environment where the data 
created in one application can easily be used in another [10, 11]. Tools, 
methods, and techniques to help communicate product data are developing 
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rapidly. Communication is concerned both with accessing a defined subset of 
data in a suitable form as well as human to human communication. 

Engineering design is fundamentally a socio-technical activity because 
design activities involve immense communication and interaction between 
individuals and groups in more or less complex social settings. Social activity 
cannot be separated from the technical results - they are intertwined: 

“…meetings that produce the specifications; the discussions around 
rough calculations and sketches that create understandings among 
the participants; the arguments about interpreting test results and 
prototype qualities that contribute to ‘feel’ and ‘intuition’ about 
aspects of the design; and the debates about whether the design is 
‘done’, if the specifications have been ‘met’, and if the result is 
‘good’…” [4]. 

Design usually precedes the production and use of formal structures such as 
requirements documents, concept evaluation methods, and review meetings. 
These structures are by definition formal, but are nevertheless socially 
constructed by creators and participants. Larsson [12] further develops the 
socio-technical aspects of distributed engineering. 

 
When engineering design is done by a cross functional distributed 

team, the work can be defined as distributed collaborative engineering. 

3.2 Information sharing and exchange  
In a distributed collaborative environment for engineers, the ability to store 
and exchange CAE information as well as animations, video clips, and 
documents in a straightforward way is essential [13]. There is also a need for 
different representations. For visualization of large assemblies in the 
distributed collaborative environment, the model is represented as a simplified 
representation of the solid model. When examining small entities on the 
object, a more accurate model is needed. The amount of data associated with 
the product makes it a complex task to co-ordinate. 

To store the information, product models are used; for the exchange, 
engineering information systems are used. 

3.2.1 Product models 
A product model provides a shared object for multiple participants to store all 
information about a product throughout its entire lifecycle, e.g. requirements, 
analyses, and geometry.  

Theories that describe how a product model should be structured, such as 
the Theory of Technical Systems (TTS) [14] or the chromosome model [15] are 
hardly used in industry. Systems Engineering [16] is a more widely 
implemented technique and is formalised into standards [17]. 

Standards for geometry exchange are used more, while there are several 
existing standards, such as IGES [18] and STEP (Standard for Exchange of 
Product Model Data, ISO 10303) [19], for product data exchange that may be 
used in distributed engineering.  One problem with standards is that they 
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always slightly behind the state of the art CAE systems, e.g. parametrical solid 
models and history information are not yet supported by the STEP standard.  
So, proprietary data is often used as primary storage of CAD objects [20]. 
However, only the STEP standard supports, or has the potential to support, all 
aspects of a product.  

The STEP standard supports two implementation methods for sharing and 
exchanging information part 21 (text files) and SDAI (using databases). 

 
• Part 21 files, Clear text encoding of the exchange structure (ISO 10303-21), 

are used for file based transfer of information between different 
applications. 

• SDAI, Standard data access interface (ISO 10303-22), is a technique for 
interfacing different STEP data installations (can be regarded as an 
application programmers interface).  

 
Configuration management data such as part name, part number, and 

creator are an important part of the product data. In STEP, the support for 
configuration management data is described in part 41, Fundamentals of 
product description and support (ISO 10303-41). Part 41 is part of the 
integrated resources that are used in the application protocols of the STEP 
standard, e.g. AP203.  

3.2.2 Engineering Information Systems 
Besides geometry related data, other data such as text documents, 
requirements, analysis information, and animations must also be stored. No 
existing standard can solve all problems with the exchange and sharing of data. 
One good solution is to use several standards for the exchange of data and 
another system for managing the distributed data; standards like IGES and 
STEP provide useful exchange mechanisms for engineering data, but do not 
solve the problems of conversion. A distributed engineering system must 
combine relevant data from many sources and present them in a form that is 
comprehensible to the users. Jeppsson [11] proposed several different 
approaches to this problem. The proposed system uses a combination of 
interfacing and integration technologies that provide a connection between 
several applications by translating and sharing information.  

Another approach is to use object-relational database technologies, such as 
AMOS II [21], used in combination with mediators, translators, and 
integrators.  AMOS II has the possibility to read both a STEP schema and 
STEP data file into the database.  By using this approach a system could be 
designed to handle STEP data, relational data, and object-oriented data. This 
approach can be used as a framework for storing and exchanging information 
in a distributed engineering environment. Ma [22] presents a system that 
distributes and synchronises engineering information between different CAE 
programs using a peer-to-peer mediating database system. If a component in 
an assembly is moved, this change is identified and the translation is 
propagated to all peers connected to the systems. The usage of object-oriented 
database technologies in combination with STEP-standards are presented by 
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Johansson [23]. 

3.3 Computer Supported Cooperative Work 
The new possibilities for communication between people have changed the 
way of working in many organisations. Key aspects are the increased 
availability of computer networks and the trend towards teamwork. Activities 
in this domain are known as Computer Supported Cooperative Work (CSCW) 
and the applications that support cooperative work are known as groupware. 
Ellis [24] defines groupware as:  

“Computer-based systems that support groups of people engaged in 
a common task (or goal) and that provide an interface to a shared 
environment”. 

There is still no commonly accepted definition of CSCW [25], but CSCW is 
often seen as the scientific discipline, or simply as an “umbrella term”, that 
allowed people from a variety of different disciplines, with partially 
overlapping concerns, to come together and discuss issues without any 
common ground as to the concept of CSCW, except the very loose idea that it 
was somehow about using computers to support activities of people working 
together [26].  

The CSCW discipline is socially oriented rather than technology driven. 
Important issues of CSCW are human computer interaction (HCI), group 
awareness, multi-user interfaces, concurrency control, communication and 
coordination within the group, shared information space, and the support of a 
heterogeneous, open environment that integrates existing single-user 
applications. 

CSCW systems are often categorised according to the time and location 
matrix using the distinction between same time (synchronous) and different 
times (asynchronous), and between same place (face-to-face) and different 
places (distributed). 

Mahers and Rutherfords [27] further developed this matrix to include CAD, 
a combination of these matrices is illustrated in Figure 2. 
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Figure 2 Use of CAD and other design tools  across time and space. 

3.3.1 Informal communication 
There are also aspects of design that go beyond the formality of prescribed 
product development processes. The highly informal, accidental, and 
spontaneous communication that characterizes everyday work has an impact 
on design that sometimes is even greater than that of formal communication 
[28]. The ability to share information and resolve problems in a quick and 
unplanned manner is considered a key aspect of successful communication 
within organizations [29,30,31].  

A well known phenomenon is that close physical proximity increases the 
likelihood for collaboration. MacGregor [32] showed in a study of information 
sharing that geographically distributed colleagues knew more than a co-located 
colleague 51% of the time.  And according to Kraut et al. [31], 87% of all 
conversation is done with a colleague from the same floor of a building.  
Therefore, the knowledge of distributed colleagues is not always utilized 
because of communication difficulties.  

As product development teams tend to become more global, there is a 
growing interest in providing these distributed teams with a sense of proximity 
and “togetherness” that co-located teams are used to [33]. Different locations 
and time zones complicate communication and decrease the opportunities for 
informal encounters. While many systems for distributed collaborative work 
have focused on extended, formal meetings using videoconference technology 
[34], there is still an urgent need for technology that supports brief, informal, 
unplanned, and lightweight interaction [35].  

In everyday work, informal communication is omnipresent. It is easy to 
notice the spur-of-the-moment interactions during our daily work activities 
[29,30,31,36]. Informal communication is interactive in the sense that it relies 
on the highly unpredictable character of each situation.  

The improvisational aspects of communication can be recognized from a 
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myriad of interactions in the work environment. A colleague might ask you for 
some quick advice as you pour your coffee in the lunch room; you get an 
economical briefing while you wait for a printout; you decide a meeting time 
with your boss as he happens to walk by your door; you give your new phone 
number to a business associate as you bump into him in the hallway on your 
way to a meeting. These kinds of casual, everyday interactions are vital to 
successful co-located collaboration, since you rapidly and continually can 
exchange information, monitor progress, and learn about what others are 
doing [36]. 

Kraut et al. [31] divided informal communication into four categories, as 
based on the degree of preplanning: 

1. Scheduled: Conversations that are scheduled in advance by both 
parties. 

2. Intended: Conversations that are not planned in advance, but sought 
out by one party. 

3. Opportunistic: Conversations that are anticipated by one party, but 
occur by chance. 

4. Spontaneous: Conversations that are unanticipated by either party. 
Working in a co-located organization gives many possibilities for informal 

communication, when issues can be discussed and resolved spontaneously 
rather than waiting for a suitable, and scheduled, time to make a formal 
decision [37]. Also, co-located groups can communicate with each other more 
frequently and intermittently, further decreasing the formality of 
communication by minimizing the need for formal openings and closings [38]. 

Mulder et al. [39] studied the shared understanding and followed a group of 
students from the Netherlands and the United States collaborated over four 
months on a project with an automotive industry partner. When comparing 
their study to other global studies, one conclusion was that limited social 
interaction took place in all the international teams.  

It is therefore important to support informal communication between 
remote team members; this can be done via tools for lightweight interaction 
[35] such as phones, e-mail, instant messaging (IM), shared workspaces, and 
awareness technologies. 

3.4 Enabling technologies 
Several visions of how future engineering collaboration can be done have been 
presented, from futuristic environments with holographic displays to web 
based product viewers. Bergman describes a vision [40] for a collaborative 
environment as a shared virtual reality meeting environment with high quality 
conferencing where people can interact with objects and other people in a 
holographic environment.  

One of the largest research projects in integrated product development is the 
Integrierte Virtuelle Produktentstehung (IVIP) [41]. The IVIP project creates a 
framework for integrated product development with tools to support product 
development in a distributed environment. The focus, however, is not on 
synchronous collaborative design. 
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3.4.1 Awareness tools 
People in a team have an awareness of what other people are doing, how 
particular tasks are progressing, which people are available, and the knowledge 
of the different team members. Maintaining this awareness is much more 
difficult in a distributed team than a co-located one.  

Weisband [42] claims that by increasing group awareness and the frequency 
of interactions between distributed team members, the teams performance will 
improve.  

Many awareness technologies such as Babble [43], Hubbub [44], ICQ, and 
AOL use an iconic representation for the availability of people. In these 
systems it is possible to send short text messages, instant messaging (IM). IM 
encourages informal expression [43,45,46], since people tend to be careless in 
their spelling and grammar when compared to e-mail communication.  
Normally, instant messages will not be printed, forwarded, or cited. IM is 
perceived to be less intrusive by users than a phone call, but is more likely to 
garner a quick response than e-mail [47]. 

Other awareness tools are based on digital images, or live video [48,49], as 
well as other web based awareness systems [50,51] that are primarily designed 
for multiple fixed locations. 

3.4.2 Shared applications 
CAE and CAD software play a prominent role in engineering and design 
projects. In collaborative distributed engineering and design, it is therefore 
important to support shared views and shared control of these systems. Shared 
application systems such as Shared X, SUNForum, SGIMeeting, and 
NetMeeting, which are all compatible with the T.128 Protocol for application 
sharing [52], enable people sitting in different places to share applications (i.e. 
windows). All users are forced to share the same view that is controlled by only 
one user at the same time.  Application sharing is also used for sharing an 
agenda or a text document. 

Application sharing tools are available for workstations, laptops, and PDAs 
(Personal Digital Assistants), making it possible to share applications with 
mobile participants. It is possible to share an application with a mobile client, 
like a handheld computer, by using VNC [53,54] or a Microsoft terminal 
server, but its use is limited due to the small screen size of the device. 

3.4.3 Distributed engineering tools 
Distributed engineering tools are specifically designed to support a distributed 
group of engineers in the product development process. Wang et al. [55] 
further explore the technologies for collaborative conceptual design. They also 
state that there are few design tools available for the early stages of design and 
that most of the tools are intended for detail design. 

3.4.3.1 Web based tools  
Many research systems for asynchronous distributed engineering are based on 
Internet or World Wide Web solutions, including Madefast [56], WebProM 
[57], and the CPD system [58]. Today, almost all commercial PDM and CAD 
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systems are also “web-enabled”, permitting access to product data via the 
Internet where it can be used for discussions, collaboration, and marketing.  

Another trend when communicating product data is employing Application 
Server Providers that use centralised applications for the storage and sharing 
of product data. An example is 3Dshare.com, from PlanetCAD [59], where 
users can translate and heal 3D-models via their website. 2Dto3DCAD.com 
[60] is another ASP that converts 2D-drawings to 3D-parametric models. 

3.4.3.2 Shared viewers 
In a mechanical design process the virtual prototype of a product and its 
associated data can be processed with various software tools to analyse the 
performance and manufacturing process. The use of digital mock-ups (DMUs) 
allows companies to share and communicate information between different 
users, departments, and other companies. Using DMU’s in mechanical 
engineering simplifies the communication of information to other “non 
engineering” domains such as management and customers.  

Digital prototyping currently focuses on the late concept and engineering 
analysis stages of the product development process. Digital prototypes should, 
however, also be used in earlier concept stages to evaluate as many concepts as 
possible before the product becomes too well defined. 

To support collaborative design, synchronous distributed tools are required 
where people can share, interact, and communicate product information using 
Internet-based systems in real time.  

Several research systems for sharing and viewing geometry such as CAIRO 
[61] and VPE from Fraunhofer IGD [62] have been developed. The shared 3D 
viewer [63] (commercialised by CoCreate [64]) can be used for sharing 3D-
geometry and allows passive interaction with the geometry, though limited 
active viewing.  

3.4.3.3 Virtual Reality  
The use of Virtual reality (VR) in mechanical engineering makes it easier to 
communicate information to other “non engineering” domains such as 
management and customers. 

There are many definitions of Virtual reality. The Sherman and Craig [65] 
definition is: 

“Virtual Reality - a medium composed of highly interactive 
computer simulations that sense the participant's position and 
replace or augment the feedback of one or more senses - giving the 
feeling of being immersed, or being present in the simulation.” 

The main difference between DMU and VR is that VR is real-time, uses 
simulation, and can be immersive. Digital mock-up programs normally have 
tighter integration with CAE information (i.e. geometry). 

Geometrical modelling is normally done in a conventional CAD program, 
and then imported into a VR system such as MultiGen, dVISE, or Opus. The 
VR system allows detailed visual real-time simulations of the virtual product 
using textures, lighting, reflections, and shadows. The visual simulations can 
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be used for mechanical design as well as numerous simulation and training 
applications [66]. 

VR-models can be experienced at all levels, from single computer screens 
through to wall projection systems (so-called Power Walls) or Caves. Virtual 
reality can be used as a tool in collaborative work settings, where people can 
visualise the designed parts, interact with them, and simulate and verify the 
function of the product [67, ]. The use of a distributed team and one shared 
virtual world permits being at different geographical locations and still 
working together in the virtual room. Such systems can also combine DMU 
functionality, allowing assembly or fit of components to be tested interactively 
[68].  

In many collaborative virtual environments, the same virtual world, i.e. 
CAD-model or dataset, is displayed to all participants. However, in an 
engineering environment, it is important to use multiple perspectives [69, 70] 
or at least different viewpoints, with views that can be shared to all users or 
kept private. 

Some distributed engineering environments have different engineers using 
private views and active interaction such as the presented prototype 
environment, the Distributed 3D Virtual Conference Environment (VCE) [71], 
and the distributed collaborative engineering environment (DCEE) [72]. The 
DCEE is a collaborative environment where different users can visualise and 
manipulate the data. The product data is stored in a STEP-database that is 
shared through SDAI.  

Avatars are useful in collaborative virtual environments because they reflect 
the actions and movements of each user. The orientation of an avatars head is 
very useful in determining where the avatar is looking. The VCE has several 
similarities with the DIVE part of the distributed engineering system, such as 
also using avatars, but the avatars in the VCE system are abstract (non human) 
and use a live video stream for conferencing inside the VR-environment 
instead of a specialised videoconferencing separated from the VR-system. 

3.4.4 Conferencing environments 
Video and audio are important aspects of design communication and their 
quality is crucial, especially when talking about objects that are not computer 
generated. Bruce [73] suggests a frame rate of 17 fps to convey facial cues, 
especially lip-movement. He also highlighted the importance of a good, 
dynamic view of the speaker’s face to minimise the effect of noise in the audio 
signal, since even people with normal hearing can lip-read to some extent. The 
audio delay in the system is also very important; Bruce showed that a 
maximum delay of 80 ms is tolerable without severely compromising the 
interactivity of conversation. 

A designer uses gestures, body language, and audio to communicate during 
a meeting. Systems that integrate video windows in the VR environment, such 
as the VCE system, are often forced to use fairly small video windows.  To read 
facial expressions and gestures, large video windows or even life-sized 
conferencing are needed [74]. Buxton illustrated by sending more than the 
image of a person’s upper body, that a richer vocabulary of body language 
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could be used [75]. The absence of real eye contact is one of the major 
disadvantages of videoconferencing because it creates isolation and makes it 
difficult to “read” the listeners reactions and adjust to indications of hostility, 
disinterest, or confusion.  

This can be solved by either warping the video so that it appears to be 
captured from the remote observer’s eyes, merging the camera and display 
optical path, or by mounting the camera close to the display so that they 
appear to share the same optical path.  

Chen [76] discovered that sensitivity to eye contact is asymmetric because 
we are an order of magnitude less sensitive to eye contact when people look 
below our eyes than when they look to the left, right, or above our eyes. So, on 
a normal display (i.e. CRT, TFT, or plasma), the camera should be mounted 
above the image and the visual angle between the camera and the eyes 
rendered on the display should be less than 5º. Quante [77] studied the effect 
of eye contact in multipoint videoconferencing, concluding that the supported 
eye-contact system improved the addressability, i.e. being looked at and 
recognised if they are addressed. But the advantages of a higher degree of 
telepresence or higher overall satisfaction did not occur. 

Conferencing video is normally done by using one camera and then sending 
the image to the remote participant where the video is rendered on a two-
dimensional display. In the Office of the future vision, Chen et al. [78] present 
a telepresence project with high-end 3D-conferencing that uses an array of 
cameras, depth acquisition, and motion tracking to create a 3D-environment 
with a dynamic viewpoint. This system is technically interesting, but needs a 
high-end visualisation computer to function, and an array of cameras at the 
remote site. Johansson [79] presents another 3D-approach where a static 
viewpoint is used with only two cameras at each end. However, users today are 
forced to employ shutter or polarised glasses, therefore making eye contact 
impossible. In Gaze Master [80], heads and eyes in the video are tracked using 
computer-vision techniques, the head and eyes are then rendered in a virtual 
3D space so that eye contact and a sense of space are provided. 

3.4.5 Asynchronous tools 
The tools described so far all concentrate on supporting a synchronous 
collaboration situation where engineers meet in a virtual meeting place and 
exchange information in real time. During the lifetime of an engineering 
project there is also a need for asynchronous information sharing. Documents 
and multimedia objects need to be easily accessible to all members of the 
project. Toye et al. [1] propose one concept of shared design documents. In the 
SHARE environment, hypertext-based documents that contain information 
from the development of the product are used, e.g. product ideas, results from 
analyses, design decisions, requirements, and product catalogues from 
suppliers.  
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3.5 Physical environments 
The design of physical environments is also of great interest since creative 
thinking and collaboration are largely dependent on the flexibility and 
usefulness of both physical spaces and the tools therein. How do you create a 
project space that suits local creativity, but also opens up the possibilities for 
successful global collaboration?  

Sclater et al. [81] describe several studies on collaborative design projects, 
and highlights that the right physical environments need to be provided to 
ensure effective work in the virtual environment.   

Many research projects have focused on the individual tools and not the 
design environment where the designer will work in, including the tools. 
Research projects that focus on both the physical and design environments are 
the iRoom project [82] and the office of the future [78]. 

3.5.1 Display systems 
The front projected screen is the most used projection system, is very mobile, 
and is easy to set up. Wall based projection systems or tiled displays is a large 
display system that often consists of two to three projectors with edge blending 
to appear as one big display. Back projection is often used, making it 
impossible for the user to interfere with the projection.  

The projection can also be done on a curved screen, which improves the 
immersion in a VR-environment, though the optimal viewpoint is in the centre 
of the curved screen. Domes are highly specialised visualisation systems and 
are used for scientific visualization, driving, and flight simulations. If a high-
resolution image is necessary, the tiled display can be designed as a matrix of 
projectors that form a high-resolution image [83] (more than 3000 x 1500 
pixels). To be able to render such a massive amount of information on the tiled 
display, Humphreys et al. [84] present a distributed rendering system utilising 
clusters of network connected PCs instead of an extremely high-end 
visualisation supercomputer. 

The brightness, thickness, and ease of use make the plasma display suitable 
for smaller meeting rooms 

Immersive (the sensation of being part of an environment) technologies 
such as the Cave or the Head Mounted Display (HMD) are also used in 
distributed engineering. The Cave is a room with back screen projection on 
four to six walls. Today, about 200 caves exist in the world. The Cave is 
primarily designed for a small group; however, using video conferencing in the 
Cave environment is cumbersome due to the low-light conditions [70]. 

Both Caves and HMD’s best support the “being inside looking out” while 
HMD is best suited for non-collaborative work because communication with 
co-located people is difficult  

“Head Mounted Displays prevent easy access to standard design 
tools, such as paper documents, telephones, coffee, and other people 
in the room.” [85], 

and videoconferencing when wearing an HMD is normally useless.  
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An overview of different display technologies suitable for distributed 

engineering is found in Table 1. 
 

 
Number of 

screens 
1280x1024 

Stereo Number of 
participants 

Cost Distributed 
design meeting 

Product 
review 

Virtual 
reality 

Distributed 
Education 

Cave 3-6  1 **** Very high     

Wall 
projection 
systems 

2-3  Large High to 
very high 

    

Curved screen 3  Small High     

HMD 2*  1 Low     

Dome 3-6  Large Very high     

Plasma 
display 

1  Small Low     

Front 
projected 
screen 

1  Large Low     

Tiled displays 9-21** *** Medium Very high     

 Not feasible  Good  Very  good 
Number of participants:  Small <5, Large >20  
Cost: Low < $10 000, Very High > $100000 
 
* HMD normally uses stereo display. 
** Can be any number 
*** Normally not available 
**** The viewpoint is dependent on one user so the view is distorted if you have more users. 

Table 1 Comparison of different display technologies. 
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4 Environment for distributed engineering 
This chapter presents the technical requirements for the distributed 
engineering and the systems developed within the scope of this thesis. 

The presented system represents knowledge from different disciplines, e.g. 
engineering design, broadband technology, virtual reality, distributed 
collaborative environments, and computer aided design.  Hence, developing 
such a system requires a cross-functional development effort. Few, if any, 
research institutes or departments have all the necessary knowledge. The 
system is a result of a successful collaboration between LTU, SICS and Alkit 
Communications AB. 

The developed environment consists of three main parts: the distributed VR 
environment, the conferencing environment, and several asynchronous tools, 
as illustrated in Figure 3. The environment has also been complemented with 
different commercial and research tools for application sharing and document 
storage.  

 

Figure 3 An example from a session in the distributed environment. 
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4.1 Requirements for a distributed engineering 
environment 

Maher and Rutherford [27], pointed out important requirements for a 
collaborative design environment which fall into three categories: 
• A shared workplace (a group of designers with shared access to the relevant 

applications where each designer sees the same visualisation and data of 
the design). 

• Data management (support for persistent storage and version control of 
design documents and the current state of the design process). 

• An application domain (provides a variety of design tools). 
 
As illustrated by Benford [86] and Carstensen [87], one vital component of a 

collaborative system is an awareness of other users’ presence and activities.  
As stated in Section 3.1, engineering design is a socio-technical activity 

where social interaction and informal communication are an important part of 
product development. Therefore, tools that support informal communication 
are critical to a distributed engineering environment.  

Another aspect is that people are mobile and do much of the design work 
away from their office. Belloti and Bly [88] respond that systems for 
collaborative work should be designed to support mobile collaborators. 

 
These aspects of collaborative design have been used as an important input 

to the development of the distributed engineering environment. Also the 
knowledge gained from the use of the system in case studies has been an 
valuable input in the design of the system. 

All these requirements have been met by implementation in the 
environment, which supports: 
• Sharing and exchanging of product data. 
• Synchronous as well as asynchronous work. 
• High quality audio-/videoconferencing. 
• Informal communication channels. 
• Mobile support. 

 
To enable distributed teams of engineers to collaborate using highly 

heterogeneous environments, such as the Internet and with mobile devices, 
collaboration software needs to be highly scalable and adaptive in terms of 
bandwidth consumption and CPU utilization.  

The combined collaboration environment presented in this thesis is an 
example of a class of applications, generally referred to as mixed reality 
applications, which merge real and virtual worlds and objects. In this context 
Milgram and Kishino [89] suggest the definition of a real object as an object 
that can be viewed directly or in some sampled and reproduced representation 
(e.g. a video capture and rendering), whereas a virtual object is one that is 
artificially generated by a computer (e.g. a CAD model). The applications used 
and developed in this thesis, marked in bold style, are displayed in Figure 4.  
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Informal communication

Formal communication

AsynchronousSynchronous AsynchronousSynchronous

Instant messaging - ICQ

Document server – Xerox Docu Share, BSCW

Contact portal - SMS services 

e-mail

Contact portal - Diary

Distributed VR - DIVE

Videoconferencing – Smile!
Shared whiteboard – e-beam

Shared applications – VNC, NetMeeting, NetOP

Distributed VR - Division

Contact portal – Awareness camera

Contact portal – Web Smile!

Videoconferencing 
– Mobile Smile!

Phone

 
Figure 4 Applications in the distributed engineering environment. 

The developed system is primarily conceived for collaborative design and 
should also support other types of synchronous and asynchronous work. 

4.2 Geometry sharing and exchanging 
CAE and CAD software play a prominent role in engineering and design 
projects. In collaborative distributed engineering and design, it is therefore 
important to be able to support synchronous sharing of geometry as well as 
asynchronous sharing and exchanging of geometry information. This is 
normally not a problem in the embodiment design phase of a product 
development project, but can be difficult in the early concept stages when the 
product is vaguely described and not available as a computer model, the model 
is instead described by functions, sketches, and rough physical prototypes. 

A distributed engineering environment should be able to handle all these 
different types of geometric representations.  

4.2.1 The Distributed VR environment DIVE 
Many of the systems mentioned in Section 3.4.4 use a shared viewer or a 
shared design program. Shared applications have many limitations in 
collaboration because they are mainly designed for displaying static objects 
with one common view to the participating users with limited interactivity.  

The approach for the proposed collaborative environment differs by using a 
distributed VR environment as a core tool for collaboration, providing an 
interactive multi-user environment. The VR environment is interfacing the 
commercial CAE-system I-DEAS. The mechanical design can be done on the 
personal CAD platform; the collaboration is done in the VR environment. 

The distributed VR environment is based on the Distributed Interactive 
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Virtual Environment (DIVE) [90, 91], by SICS. DIVE is an Internet-based 
multi-user VR system where participants navigate in 3D space and see, meet 
and, interact with other users and applications. DIVE supports the 
development of virtual environments, user interfaces, and applications based 
on shared 3D synthetic environments. 

To achieve an awareness of other users’ presence and activities, the 
conferencing system is used with a shared virtual environment where users are 
represented and interact through avatars reflecting the actions and movements 
of each other. The identity of each avatar is illustrated by a facial texture and a 
logotype texture on the shirt of the avatar, which have been used to 
differentiate the users.  

The avatars have worked well for this purpose; however, some problems 
occur when an avatar represents a group. The avatar has also worked as a 
visual reference to the size of the models, but if the model is small (like when 
working on a cellular phone), resizing of the model is needed, and a “human” 
avatar would, in this case, confuse the users. 

4.2.1.1 The CAE-VR interface 
The approach to the distributed environment was to use a shared VR system as 
a core component for collaboration, and state of the art CAE systems for the 
design of mechanical components. Interaction between the VR system and the 
CAE system was solved using application programming interfaces; here the 
environment is easily tailored, but still naturally integrated. 

The interface between the CAE system and DIVE gives the user of the virtual 
environment direct access to the CAE-database. The user can access projects in 
the CAE-program as well as all models (i.e. parts and assemblies) available in 
the database in the same way as when accessing the models in the CAE-
program. The system uses CORBA [92] for communication between the CAE-
program I-DEAS [93] and DIVE. Therefore, it is possible to access a remote 
installation of the CAE-program regardless of computer architecture and 
distance. 

To make an integrated solution the interface was built as a dive plugin, 
which allows shared components to communicate with DIVE. The architecture 
for interaction between I-DEAS and DIVE is described in Figure 5.   

 

Figure 5 Interface between MCAE system and DIVE. 

When the CAD model is checked-out from I-DEAS to DIVE, it is then 
possible to do a check-in operation of the model to a remote user. The 
exchange of data is then performed automatically and is based on the users’ 



Peter Törlind, Distributed Engineering 
 

23 

preferences, e.g. if both users are using I-DEAS, the transfer of the solid model 
is done in I-DEAS proprietary format; if they are using different CAD systems, 
a STEP model is transferred. 

 This approach allows geometric data to be transferred whilst 
simultaneously maintaining PDM meta-data, configuration management data, 
physical properties, and other design parameters, see Figure 6. 

 

Figure 6 Interacting with a CAD object in the virtual environment. The physical 
properties, configuration management data and parametric dimensions of 
the model shown above. 

4.2.2 Other distributed VR- solutions 
The commercial VR-system Division Mockup was also used in the Distributed 
Environment. One of the main differences between DIVE and Division is that 
DIVE can import models at runtime with the models then being distributed to 
all participants via multicast. In Division the models must be transferred to the 
local computer before the distributed session starts. Division is better suited to 
large assemblies and has better rendering performance. 

4.3 Conferencing application 
The conferencing platform [94] was mainly developed by Mathias Johanson; 
his work focusing on developing and testing collaboration tools in high speed 
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network environments. A result from these projects is the audio-
/videoconferencing tool Smile!, which is designed to take full advantage of the 
bandwidth available in high speed network environments to get high quality 
audio and video. The application has the ability to send live video to all users 
and stream animations (i.e. video sequences) to all members of a conference. 
The sender can control the playback interactively.  

The conferencing application has continuously been developed with 
functions for remote camera control, 3D-videoconferencing [95], and video 
annotation.  

With a normal video conferencing system, you must be aware of the other 
user’s location and the computer name to initiate communication. If you know 
that the user is online, the initiation of communication should be as easy as 
calling a person’s mobile telephone: as long as you know the phone number, 
knowing the user’s location is unnecessary. This is solved by session initiation 
using the SIP protocol [96]. 

4.4  Shared viewers 
Application sharing program has successfully been used when sharing 
documents and agendas, but not as well for interactive sharing 3D-geometry 
and simulation results. This is because the application sharing program did not 
scale well enough, though the network bandwidth was better between the two 
sites than within the local network. e.g. the user could not interactively move a 
result set, instead he interacted and waited for a while until the remote 
computer had updated the picture. 

4.5 Shared whiteboards 
In the Hägglunds case study (Paper C), the usage of whiteboard applications 
was rarely used because of the difficulties in sketching with the mouse. In the 
DTI project (Paper D), much brainstorming and conceptual design was done 
with the support of the e-beam [97] shared whiteboard.  

 

Figure 7 Whiteboard used at the DTI project. 
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This allows the user to draw on a normal whiteboard with the drawings 
being digitized and presented in a shared application.   

4.6 Asynchronous support  
In many of the case studies, a WWW-based virtual workspace system called 
BSCW [98] was used. BSCW is a web-based document server accessible 
through a standard WWW-browser. The system can also be used for threaded 
discussions, scheduling meetings, and invoking synchronous collaboration 
tools like DIVE and Smile! In the DTI project, DocuShare from Xerox, which 
has the same capabilities as BSCW, was used.  

Both BSCW and DocuShare are primary designed for formal documents, 
calendar information, etc. 

4.7 Informal communication 
As mentioned in Section 3.3.1 informal communication is a vital component in 
collaborative work. This type of spontaneous or opportunistic information 
exchange process has traditionally been troublesome to support in CSCW 
systems. Therefore, a web-based collaboration tool called Contact Portal was 
developed to support informal communication and information sharing in 
distributed engineering design teams. The Contact Portal combines several 
information channels in one place, e.g. awareness cameras, instant messaging, 
SMS, and asynchronous tools such as diaries, e-mail archives, and document 
servers. 

4.7.1 Awareness and transition support 
Presence and awareness in co-located teams are experienced through informal, 
everyday interactions between people who work in the same physical space – a 
general sense of who is around and what they are doing [99]. Awareness 
systems are mainly used to support the transition between asynchronous and 
synchronous modes of collaboration, i.e. they assist users in finding a good 
time and place to interact and support informal communication through 
opportunistic or spontaneous interactions. 

Awareness applications supporting the initiation process of informal 
communication sessions can be divided into three different categories: 

 
• Location awareness: Is a certain location (meeting room, collaboration 

studio, etc) occupied by anyone with whom a synchronous communication 
session can be initiated? This type of awareness can be exemplified by the 
process of glancing into a co-workers room to see if he or she is available for 
a meeting.  

• Meeting awareness: Which ongoing meetings relevant to a team of co-
workers are available at the moment? (e. g. overhears a local meeting). 

• User availability awareness: Information about the current availability of 
persons with whom synchronous collaboration is desired. 
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4.7.1.1 Location awareness 
To enhance the sense of working in a shared physical environment, 
continuously open video links were integrated into the Contact Portal. Above 
all, it was important that team members become aware of the activities in the 
two project rooms, without having to use specific applications for 
videoconferencing. By incorporating visual awareness in the web page, the 
teams only needed a quick glance to know if, or when, it was a suitable time to 
initiate interaction. 

4.7.1.2 Meeting awareness 
By using WebSmile, an RTP to HTTP video gateway [100], it is possible to 
combine high quality videoconferencing with a web-based interface that shows 
currently active conference sessions. The web-based interface makes it possible 
to easily access information about ongoing conference sessions, and to take 
part of the multimedia content being disseminated, without requiring the 
installation of specialized synchronous collaboration tools. 

4.7.1.3 User availability awareness 
Different types of tools such as the BSCW monitor and ICQ have been used for 
user availability. In the DTI project the web-based version of ICQ as well as 
personal web cameras was implemented in the Contact Portal. 

4.8 Mobility 
By introducing mobility support into the systems the possibility of supporting 
informal communication is increased.  

Several tools have been developed to support remote mobility (Paper D and 
Paper F), e.g. the mobile contact portal and the conference awareness tool, in 
which a remote user can browse all ongoing conferences and mobile 
videoconferencing with SIP based initiation. By using the web-based approach 
in the contact portal, the same content could be presented in different ways 
depending on the user’s computer type and screen size, see Figure 8. 

To make the users of the system truly ubiquitously reachable, the Short 
Message Service (SMS) of the GSM mobile telephony network was used. With 
this approach, SMS could be sent to individuals or groups, and all messaged 
were logged in an archive. 
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Figure 8 The PocketPC version of the Contact portal  

Mobility relies on some unique identification and addressing of mobile users 
or their devices. An example of personal mobility is the ORL Active Badges 
system [101], which identifies the user and permits the user to move between 
public terminals on which the user’s environment are redirected; live video can 
also be transmitted this way.  

4.9 Physical environments 
Interaction with the distributed engineering environment can be done in a 
wide range of settings from a regular desktop workstation to VR 
theatres/CAVES and head mounted displays. One example of a distributed 
engineering environment in semi-immersed environments can be found in 
Figure 9, where a three-sided cave is used for the distributed VR system and a 
monitor for conferencing. 
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Figure 9 Avatars working in the DIVE environment. 

For daily situations when the engineer is working at his office, a normal 
engineering workstation with a high quality video card and a headset is 
sufficient enough. But a group meeting places much higher demands on audio, 
video, and the physical environment. 

Several different types of physical environments for distributed engineering 
have been developed within the scope of this thesis, from high-end studios to 
low-end personal workspaces. 

4.9.1 The Studio 
A finding from the Hägglunds Drives Project and earlier demonstrations was 
the importance of the physical environment. Poor environment and sound 
equipment made meetings irritating and interaction cumbersome. Therefore, 
environmental improvements for distributed engineering have been done over 
the last few years. In the design process of the new laboratory, requirements 
for the physical environment for product development have been evaluated. 
The result is the research facility called the Studio, designed for product 
reviews and distributed engineering.  
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Figure 10  The Studio in Luleå. 

The Studio [102] at Luleå University of Technology is a research facility 
designed for collaborative work. The combination of a large screen back 
projection display, the integration of sound, video, and data, and the 
possibility of being able to collaborate over distance with very high quality  
(using broadband networks) creates a virtual environment that cannot be 
found anywhere else in Sweden. A 7 x 2.5-metre projection wall with high 
resolution (3200 x 1024 pixels) is placed on the floor, see Figure 11. Up to 50 
participants can actively communicate and connect their laptop computers. 
The technology is advanced, yet easy to use. It is not the specific technologies 
that are unique in themselves, but the studio as a whole is unique with all its 
combinations. 

 

Figure 11  Distributed work in the Studio 
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4.9.2 Skellefteå studio 
The Skellefteå studio was designed within the DITRA project [107] and is very 
similar to the Studio in Luleå, but the display system consists of two-tiled back 
projection screens without softedge. The display can also be used as an 
electronic whiteboard. The studio also uses very bright projectors (5800 ANSI 
lumens) to enable presentations in daylight. 

4.9.3 Distributed team room 
There was a need within the Distributed Team Innovation project for a smaller 
room where a small team could work and communicate with the other team 
using high quality conferencing as well as informal communication such as 
awareness cameras and instant messaging. 

 

Figure 12  Conferencing in the Distributed team room. 

The Distributed team room is a fairly small room with a high quality audio 
system and a plasma display for conferencing. All users in the team room can 
move around freely with the use of wireless microphones e.g. go to the 
whiteboard, without degrading the audio quality. The wireless microphones 
also decrease the possibility for audio feedback from the loudspeakers. 
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5 Usage 
This chapter describes the usage of the distributed engineering environment 
and discusses the usability issues. 

A goal in the research approaches was to test the validity and gain industrial 
feedback about the distributed engineering tools described in Section 4. The 
system was demonstrated and evaluated in a realistic environment in close 
collaboration with several industrial companies such as Volvo Car Company, 
Conex, and Hägglunds Drives.  

5.1 Demonstration scenario  
A demonstration scenario was created using actual CAD parts and other 
information such as videos and documents from Hägglunds Drives AB. In the 
scenario, three geographically distributed teams worked together via a 
broadband network. This scenario was presented in 1998 and demonstrated on 
several occasions for industry and academia. Usage showed that the technique 
was promising, but needed further development to make the integration of 
tools and methods more intuitive. 

A product development scenario was created for the demonstration, where 
three fictitious companies were working together in the virtual environment. 
The companies were located in different places in Sweden, viz. Luleå, 
Stockholm, and Mölndal, and together were developing a new winch system 
for an offshore crane.  

 
This scenario is further presented in the appended paper A. 

5.1.1 Examples of actions in the scenario 
The following actions were tested and evaluated in the distributed product 
development environment, i.e. checking interference and packing of parts, 
discussion of simulation results, assembly and disassembly of the winch 
assembly, interaction with 3D geometry (inspect, annotate), and transfer solid 
model data between different locations. The conferencing environment was 
used to show animations and video sequences. Figure 13 shows an example of 
assembly interaction in the shared 3D-environment. 
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Figure 13 Interference checking in the distributed system.  

The system was evaluated and redesigned during the test case. In the tests, 
the configuration of the nodes ranged from a rather inexpensive workstation 
(SGI O2) to high-end visualisation systems (SGI Onyx2) with a CAVE display 
system. Different interaction techniques such as 3D-interaction devices and 
large display touch screens were also tested. 

5.2 The Nanosatelite scenario 
This was a short demonstration scenario conducted at the InternetBay 
conference on science and cyber community. The scenario was a product 
review of some satellite parts involving one participant in Luleå and one in 
Mölndal (distance of about 1500 km). In Luleå, two different physical 
environments were used: one high end (the Studio at Luleå University of 
Technology) and one with normal configuration using a projector and plasma 
display. In Mölndal, the setting was a PC workstation and a SGI O2 for 
conferencing. 

The nanosatelite used in the demonstration is developed within the 
Ångström nano-satellite program where the mechanical detail design and 
simulation of performance were done in collaboration with the Division of 
Computer Aided Design at Luleå University of Technology [103]. The aim was 
to design a nanosatelite with micro- and nano-technology for space 
applications. During the mechanical design of the satellite CAE models were 
used to create VR models and animations to simplify design reviews and 
collaboration. These VR-models were used in the distributed design reviewsi.  

                                                
i A short film from the scenario can be found on: http://www.cad.luth.se/media/scenario_studio.rm 
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In the scenario two types of videoconferencing were tested, i.e. life-sized 
conferencing and window-based videoconferencing; see Figure 14.  

 

Figure 14  Life sized videoconferencing in the Studio. 

 
This scenario is further presented in the appended paper B. 

5.3 Hägglunds Drives – Conex 
This case study was done from October 2000 to March 2001. The project goal 
was to enable two companies that had previously worked in a traditional way 
to work with distributed engineering tools. The object of research was an 
engine development project at Hägglunds Drives AB, with the consultant firm 
Conex AB doing computational engineering simulation on parts within the 
engine. The two companies are situated about 430 km apart; therefore, to meet 
physically, the consultant from Conex needs to travel four to six hours (one 
way) by car, or take a bus or night train for a meeting at Hägglunds Drives.  

The two companies are used to working together in the traditional way, 
using e-mail or telephones to communicate between the formal project 
meetings that were held bi-weekly.  To enable the distributed collaboration, a 
broadband infrastructure was realized between the two partners. The network 
between Luleå University of Technology and Hägglunds in Mellansel was 
based on a 155 Mbit SDH network from Telia. On this infrastructure an ATM 
network with classical IP was used. The distributed engineering environment 
was implemented on top of this infrastructure.  

 
This scenario is further presented in the appended paper C. 
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5.4 Distributed Team Innovation 
The Distributed Team Innovation (DTI) project was a joint product 
development effort between Luleå University of Technology, Stanford 
University, and Volvo Car Corporation. The distributed design team consists of 
four students from the ME310 course at Stanford and four students from the 
SIRIUS course at Luleå. The goal of the project is to design so called virtual 
pedals, considering that the need for mechanical connections between pedals 
and actuators has disappeared with the introduction of drive-by-wire 
technology.  

One of the main issues in this project was the distance between Sweden and 
California, about 9000 km. The network between these two sites was also a 
problem, but due to the university networks Sunet [104], Nordunet [105], and 
Internet 2 [106], it was possible to provide acceptable broadband between 
these two sites. The impact of cultural differences, different time zones, and 
language barriers could be studied in this project. 

 
This project is further presented in the appended paper D and E. 

5.5 DITRA 
Within the EC project Arena for Distributed Engineering [107] several test 
demonstrations were done. These demonstrations of the technology between 
the Luleå University of Technology and the campus in Skellefteå included 
broadband conferencing, shared viewers, shared whiteboards and document 
servers. Also short collaboration projects between companies situated in the 
two cities are done. 
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6 Discussion of appended papers 
This chapter describes the appended papers, their results, and their 
contribution to the thesis. 

6.1 Paper A: Collaboration Environments for Distributed 
Engineering - Development of a Prototype System  

Authors: Peter Törlind, Mårten Stenius, Mathias Johanson and Peter Jeppsson 
Proceedings of Computer Supported Cooperative Work in Design 99. 

6.1.1 Summary 
This paper proposes a model for engineers to collaborate in a distributed 
environment based on a suite of specialised computer tools. The system is built 
around the distributed virtual reality system DIVE, which was customised for 
interoperability with existing CAD systems. Various tools supporting the 
information exchange process in a product development project include audio-
/videoconferencing software, shared workspace systems for document sharing, 
application sharing tools, and shared whiteboard applications. The paper 
discusses the components of the collaboration environment from a technical 
standpoint as well as usability issues. 

The design of a prototype environment for distributed engineering is 
presented and a specific user case is described.  The study showed that the high 
quality in conferencing video and audio made it easy to work with, even for 
several hours. The distributed VR environment made it possible to create and 
interact with the product assembly in the collaborative environment by 
assembling CAD-models created in CAD-systems on different locations. 

The presented approach seeks to combine different systems that offer 
domain specific functionality, rather than create a single platform that is 
multi-functional, but full of compromises.  Pure CAD systems are 
indispensable for doing serious mechanical engineering while shared VR -
systems provide unparalleled support for visualisation and conferencing in 
distributed virtual environments.  High-quality audio/video is considered 
invaluable for creating a feeling of presence and contact.   

6.1.2 Contribution to the thesis 
This paper presents the development of the distributed environment; it uses 
the product models and standards for CAE information exchange proposed in 
earlier work [13]. 
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6.2 Paper B: Using Distributed VR and Broadband 
Conferencing for Product Development  

Author: Peter Törlind. 
Proceedings of Internationales Produktionstechnisches Kolloquium 2001. 

6.2.1 Summary  
This paper describes a collaborative product development demonstration over 
a broadband network using both distributed VR and video-conferencing. Two 
different types of physical collaboration environments were used, including 
one with life-sized conferencing. The scenario included a product review of a 
Nanosatelite with participants from two different places in Sweden, located 
1500 km apart.  

The demonstration showed that life-sized conferencing, combined with 
distributed VR, gives an improved sense of presence and interaction that is 
better than using normal conferencing. Due to the problem with projection 
technologies, the normal conferencing set-up is more suited for the day-to-day 
work when the engineer is at his office. 

6.2.2 Contribution to the thesis 
The paper tests two different approaches to videoconferencing, life sized vs. 
window-based conferencing.  It also investigates 3D videoconferencing and its 
current limitations due to the complex set-up that forces users to use shutter or 
polarised glasses, therefore making eye contact impossible. 

6.3 Paper C: Distributed Engineering via Broadband – a 
Case Study 

Author: Peter Törlind 

6.3.1 Summary 
Coordination and exchange of information between participants in a 
distributed product development team is technically difficult and time 
consuming. Different locations and time zones further complicate 
communication. It is therefore important to provide tools and methods so that 
a geographically distributed design team can collaborate as do teams in the 
same location. 

Two partners located 430 km apart, who had previously worked together 
without distributed engineering tools, were given the possibility to do so using 
the tools for distributed engineering developed at Luleå University of 
Technology in cooperation with Alkit Communication AB and SICS. These 
tools support conferencing, shared multimedia (documents, audio and video), 
and a virtual reality environment for sharing engineering information. The 
communication tools were implemented on top of a 155 Mbit SDH network. 

By using distributed engineering technologies, the competence in both 
places was used better. The distributed engineering tools and methods 
contributed to a better focus and collaboration instead of consulting. The 
computer tools also simplified all contact and enabled meetings several times a 
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week instead of once every two weeks.  

6.3.2 Contribution to the thesis 
This paper presents a case study based on an environment presented in Paper 
A. The results conclude the advantages of using the tools and methods for 
distributed engineering compared to the normal way of working. It also 
presents a new tool for video annotation. 

6.4 Paper D: Support for Informal Communication in 
Distributed Engineering Design Teams  

Authors: Peter Törlind and Andreas Larsson.  
Proceedings of CIRP design seminar 2002. 

6.4.1 Summary 
This paper presents an initiative to support informal communication in the 
Distributed Team Innovation project.  

You usually know what your local team is doing, but due to the lack of 
information from distributed team members, you are unaware of the other 
team’s work progress. One of the major problems in the DTI project was the 
nine-hour time difference between Stanford and Luleå. The “window of 
opportunity” was rather small and made informal communication difficult. 
The response time for e-mail can be several hours, therefore short questions 
via e-mail conversation could take days. 

A web-based Contact Portal was created to support informal communication 
and information sharing in a distributed engineering design team. The Contact 
Portal has been a valuable asset in the project, primarily because it combines 
several information channels in one place, e.g. e-mail archives, awareness 
cameras, diaries, instant messaging, and SMS.  

While observing the system in use, we found that the Contact Portal was a 
natural starting point for initiating and maintaining contact with remote team 
members. The small window of opportunity made it difficult to continuously 
plan and hold formal meetings (video and telephone conferences); hence, the 
opportunistic interactions have been an important part of the information 
sharing in the project. The web cameras provided an awareness of other team 
members’ presence, and also gave visual augmentation to written 
communication. Instant messaging was widely used for opportunistic and 
spontaneous interaction, but also for meeting coordination and media 
switching. For urgent communications, or when all team members must be 
notified at once, SMS was preferred. Diaries were used as an easy way to create 
and store records of informal information that might be of future use. 

6.4.2 Contribution to the thesis 
This paper shows that informal communication between remote team 
members is important, and several tools are presented to support both 
asynchronous and synchronous informal communication. 
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6.5 Paper E: Distributed Design Teams:  Embedded One-on-
One Conversations in One-to-Many 

Authors: Larsson, Andreas, Törlind, Peter, Mabogunje Ade, Milne, Andrew. 
Proceedings of Design Research Society International Conference 2002. 

6.5.1 Summary 
Engineering design is fundamentally social, requiring a lot of interaction and 
communication between the people involved. Additionally, good design often 
relies upon the ability of a cross-functional team to create a shared 
understanding of the task, the process, and the respective roles of its members. 
This paper presents a study of interpersonal communication within the 
Distributed Team Innovation (DTI) framework.  

In the study, we noticed that one-on-one conversations, held in parallel to a 
main discussion, were common in co-located teamwork, and that they were a 
natural part of creative teamwork. These “private” conversations were usually 
between two members in the context of a larger meeting, and were often used 
to clarify things and to discuss vague ideas or personal disagreements. 
Additionally, they were often used instead of, or as a precursor to, bringing up 
a topic with the whole group.  

In distributed meetings, one-on-one conversations were discouraged, while 
current systems for distributed collaboration could not provide sufficient 
support for these subtle interactions. This has important implications for 
supporting and improving the performance of global teams, and suggests that 
the one-to-many channel of today's video conferencing technology is severely 
limiting. 

6.5.2 Contribution to the thesis 
The study shows the problem of recreating informal co-located meetings, 
where parallel discussions are often held in distributed settings. It also 
provides some ideas of how to support one-on-one conversations in a 
distributed meeting. 

6.6 Paper F: Mobility Support for Distributed Collaborative 
Teamwork, 

Authors: Mathias Johanson and Peter Törlind  

6.6.1 Summary 
The trend in computer and network architecture is towards smaller and lighter 
devices that are more or less constantly connected to the Internet through 
wireless network access technologies. For computer supported, cooperative 
work this offers increased opportunities for distributed collaborative teamwork 
by enabling mobile users to participate in synchronous and asynchronous 
information exchange processes. In this paper we investigate the emerging 
technologies for wireless network access and mobile computing, how mobility 
support can be built into the software tools used today for distributed 
collaborative teamwork, and the benefits it gives users. The main focus is on 
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synchronous, real-time communication tools like multimodal teleconferencing, 
and the perspective is both technical and methodological. The use of mobility 
support for distributed collaborative teamwork is exemplified by reporting 
experiences from the design and implementation of the prototype system used 
in the DTI-project for collaboration among engineers and designers.  

As a proof of concept we also developed several tools to support remote 
mobility, the conference awareness tool, in which a remote user can browse all 
ongoing conferences, and mobile videoconferencing with SIP based initiation. 

The key finding is that user mobility support can substantially enhance the 
possibilities for informal, spontaneous communication between team 
members.  Furthermore, we argue that mobility support for the applications in 
question is more appropriately implemented at the application level rather 
than at the network level.  

6.6.2 Contribution to the thesis 
One conclusion from Paper C is that there is a need for improved support for 
mobile opportunistic interaction, using technologies and mobile 
videoconferencing. In this paper, the design of several mobile collaboration 
tools for supporting these types of communication is presented. These tools 
can also be used in parallel with high quality videoconferencing to support the 
one-on-one conversations as presented in Paper D. 

6.7 Relation of papers to knowledge domain 
If the knowledge domains are summarised as Product development, CSCW, 
Information sharing and exchange and Physical environments, the relation to 
the appended papers is according to Table 2.  

 
Paper Product 

development 
CSCW Information sharing 

and exchange 
Physical 

environments 
A X X X X 
B  X X X 
C X X X X 
D X X X X 
E X X   
F  X X  

Table 2 Relation of appended papers to the knowledge domain. 
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6.8 Division of work between authors 
I authored and did the work in papers B and C. The work presented in the 
other appended papers results from a multidisciplinary effort of several 
researchers. This is an attempt to describe my direct contributions. 

Paper A: 
This paper was a joint paper authored by Mathias Johanson, Mårten Stenius, 
and I, with editorial guidance from Peter Jeppsson. I was responsible for the 
integration of the VR-system with the CAE program, Mathias Johanson was 
responsible for the implementation issues regarding the conferencing program 
and Mårten Stenius was responsible for the DIVE issues. 

Paper D: 
This paper was a joint paper written in close collaboration with Andreas 
Larsson. I was responsible for the technological implementation of formal 
tools such as broadband conferencing. I also implemented some of the ideas in 
the Contact Portal. Andreas and I jointly did the fieldwork and analysis.  

Paper E: 
This paper was the result of the fieldwork done with Andreas Larsson. In this 
paper Andreas Larsson performed most of the ethnographical analysis. The 
paper was written in collaboration by me and Andreas Larsson, with valuable 
inputs from Ade Mabogunje and Andrew Milne. 

Paper F: 
The idea for this paper grew out from the results from papers D and E. I and 
Mathias Johanson extend the concepts and present a framework for mobile 
informal communication. Mathias Johanson did the implementation of mobile 
conferencing and meeting awareness. The paper is written in close 
collaboration with Mathias Johanson.  
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7 Conclusions and further work 
This chapter concludes the thesis and presents some opportunities for future 
research.  

This thesis confronts the problems of information sharing and exchange in a 
distributed engineering environment and describes how these problems can be 
solved. An approach has been presented where a collaborative engineering 
environment was developed. The environment is based on several tools: a 
distributed VR environment that have been integrated with a commercial CAE-
program; an audio-/video-conferencing program and a contact portal. The 
environment was tested in several case studies, and the results showed that 
these tools have simplified collaboration as well as sharing and exchanging 
information. Also, by introducing tools for mobile conferencing as well as 
location and meeting awareness, the informal communication among 
distributed team members is improved. 

7.1 Contribution of the research 
The distributed engineering environment presented in this thesis is greatly 
relevant to industry due to increased collaboration between subcontractors 
and suppliers, so as to shorten lead-times and improve product performance 
and quality. The system described has significant advantages compared to 
existing systems used in industry today. 

• Applications for distributed engineering 
Several new applications such as tools for informal communication, the 
contact portal, video annotation, a distributed VR system with a direct 
interface to the CAE database as well as a framework for informal 
mobile video communication have been presented. 

• Environments for distributed engineering 
Many different environments were used and developed, from portable 
devices to high-end studios. Life sized, window based, and 3D-
conferencing were evaluated. As a result several physical environments 
were designed, the Studio at Luleå University of Technology and the 
studio in Skellefteå as well as the distributed team room. 

• Network for distributed engineering 
Some of the ideas presented in this thesis are already being 
implemented by industry. This is being done in the EC funded DITRA 
project, in which methods and tools for distributed engineering are 
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implemented in collaboration with industry. 

7.1.1 Research validation 
Validation is done by comparing the measurable criteria presented in Section 
2.4 from the results in the case studies. 

7.1.1.1 Improving quality of the work 
In the Hägglunds Conex Study (Paper C), distributed tools clearly changed 
how the work was accomplished. For the consultant the project changed from 
an ordinary consulting assignment (with design goals, weekly progress reports, 
and a final delivery of a design document) to a flexible collaboration project 
where there was true cooperation between the companies, where ideas were 
discussed on a daily basis, problems were rapidly solved, and new directions 
for future work came up. The distributed team could work in the same way as a 
co-located team. 

In the DTI project (Papers D and E) the result of the product development 
project was judged to be one of the best in the class; this view takes into 
account the top-of-the-line documentation created across the Luleå/ Stanford 
teams as well as the hardware.  

7.1.1.2 The tools should decrease the amount of travel. 
The amount of travel decreased to almost nil in the Hägglunds-Conex study; 
the consultant from Luleå travelled once to Mellansel for the kick-off meeting, 
after which all meetings were conducted using the distributed engineering 
system. In a similar project, the group held meetings every second week; 
therefore, in a six-month period, about 120 h of travel is avoided.  

In the DTI project the two teams did not know each other. Here, physical 
meetings were more important, i.e. during the period two co-located meetings 
were held, one at Luleå and one at Stanford. The rest of the work (9 months) 
was done without any travel. 

7.1.1.3 Enable tools for “thinking together” instead of dividing work. 
In the Hägglunds-Conex study, computer tools simplified all contacts and 
enabled meetings several times a week instead of one every two weeks. Also, 
informal communication within the project was improved. The conclusion was 
that the interaction between team members was much more intertwined than 
previously. 

In the DTI study, the distributed users often brainstormed for several hours, 
and even divided work and created sub teams that consisted of one team 
member from USA and one from Sweden. 

7.2 Topics for future research 
The distributed environment is now mature and will be further used in case 
studies of distributed product development.  

 
A number of areas for further work can be identified, e.g.: 
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• Further investigate the requirements on collaboration systems, 
applications, and interaction environments to make tools and methods for 
distributed engineering more intuitive. 

 
• Further develop tools and applications for informal communication such as 

extending the mobile communication and tools. 
 

• Develop tools for supporting cross-site one-on-one conversation. 
 

• Development of tools and techniques for integration and combination of 
CAE data into the distributed engineering system. This part will include the 
development of translators and mediators for the distributed environment 
and an object relational database. 

 
There is also a need for transparent storage of information and events in the 

distributed engineering environment. The event information could be used to 
create a shared design document, this could be developed in the distributed 
environment by using the AMOS II as storage for all events made in the 
distributed environment (e.g. all imports of models, viewed movies, and 
annotations in the VR-environment). The design document can be stored as 
XML on a web server; this is illustrated in Figure 15 

Figure 15 An example of a design document wich should automatically be created from 
information stored in the database. 

The access of the documents could be done by an ordinary web server and 
through quires in AMOS all events from a meeting is traceable, e.g. “Which 
annotations linked to the CAD object has Peter written since August 12?” 

XML

Documents 
Smile!

DIVE 

Amos
DB 

Design document 
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Abstract  
In this paper a model for collaboration between engi-
neers in a distributed virtual environment, based upon a 
suite of specialised computer tools is presented.  The 
system uses the distributed virtual reality system DIVE, 
which has been customised to allow interoperability 
with existing CAD systems.  Other tools implemented to 
support information exchange in a product development 
project include audio-/videoconferencing software, 
shared workspace systems for document sharing, appli-
cation sharing tools, shared whiteboard applications 
and more.  The paper discusses the components of a 
prototype collaboration environment and how these 
components together form a coherent whole from both a 
technical standpoint as well as in respect to usability 
issues. 

1. INTRODUCTION 
This paper presents a heterogeneous environment that 
marries high-quality video-conferencing, collaborative 
virtual environments and shared document spaces to 
support distributed product development.  The system 
particularly addresses the issues of orientation and user 
involvement in a shared work environment and seeks to 
provide a high sense of presence within geographically 
distributed work groups combined with a high level of 
support for existing tools used in product development.  
Information exchange between participants working in 
distributed teams is currently time consuming and cum-
bersome.  There is therefore a need for methods and 
tools to assist and simplify distributed collaboration 
(Krause, 1996). The study presented in this paper fo-
cuses on virtual environments to support integrated 
product development which encompasses not only Me-
chanical Computer Aided Engineering (MCAE), but 
also related information of importance in the product 
development process including multimedia objects such 
as documents, audio and video.  Currently, teams in-
volved in product development projects must exchange 
information using regular mail, through face to face 
meetings involving travelling large distances and even 
sending mechanical parts between different locations in 
order to make comparisons and adjustments. 
The ability of high-quality audio to support socially rich 
interaction has been demonstrated by Hindus et al. 

(1996) with the Thunderwire system.  The current work 
seeks to take this further by combining high-quality 
audio and video over broadband networks with a shared 
virtual space where MCAE designs can be discussed 
and exchanged. 
Bowers et al. (1996) demonstrated and analysed the use 
of shared virtual environments in meeting situations.  
Such environments support a spatial model of interac-
tion (Benford and Fahlén 1993) which makes use of 
avatars - visual representations of the participants in the 
environment - equipped with focus indicators and auras 
to enable interaction through gesture and sound.  Rose-
man and Greenberg (1996) successfully used shared 
virtual spaces as environments for a mixture of syn-
chronous and asynchronous collaboration in the Team-
Rooms system.  The current work builds further on 
these findings through an environment that also enables 
information from external sources, such as local MCAE 
systems or document repositories, to be included and 
also increases the sense of presence during synchronous 
work by merging collaborative virtual environments 
with a novel videoconferencing system. 
In many distributed engineering projects the tool for 
sharing 3D objects has been a shared 3D-viewer or 
shared applications.  Shared applications currently have 
many limitations as far as collaboration is concerned as 
they are generally designed for displaying static objects 
with a single common view for all participants.  User 
interactivity is also limited.  In the current work sharing 
geometric design data has been achieved by interfacing 
commercial CAD systems with a distributed VR envi-
ronment. 
The following section discusses related work, whilst 
section two gives an overview of the distributed envi-
ronment, discussing the separate applications and inte-
gration issues, and finally a test case is described. 

2. RELATED WORK 
The rapid evolution of information technology has led 
to new possibilities for communication between people 
and has been central to the success of many organisa-
tions.  Key aspects of this development are increased 
accessibility to global computer networks, increased 
communication bandwidth and the availability of low 
cost/high performance computers supporting graphical 
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user interfaces.  Another important trend is towards 
increased team working through the use of technologies 
such as groupware or computer-supported co-operative 
work (CSCW).  Ellis (1991) defines groupware as:  
"computer-based systems that support groups of people 
engaged in a common task (or goal) and that provide an 
interface to a shared environment.” 
Important issues of CSCW are group awareness, multi-
user interfaces, concurrency control, communication 
and co-ordination within the group, shared information 
space and the support of a heterogeneous, open envi-
ronment to integrate existing single-user applications. 
CSCW systems are often categorised according to a 
time/location matrix using the distinction between same 
time (synchronous) and different times (asynchronous), 
and between same place (face-to-face) and different 
places (distributed). 
Mahers and Rutherfords (1997) applied this matrix to 
product development using CAD as shown in Figure 1. 

Single User
CAD

CAD with
data

management

Distributed
CAD

Collaborative
Design

Different
Places

Same
Place

Different TimesSame Time

 
Figure 1 Use of CAD across time and space. 

The system developed in the present work has been 
primary designed for collaborative design but can also 
support different types of synchronous/ asynchronous 
distributed engineering work. 
There are many existing research systems for asynchro-
nous distributed engineering such as Madefast  (Cut-
kosky, 1996), WebProM (Krause, 1997), and the CPD 
system (Roy, 1997).  Rodgers and Huxor (1998) used 
the Internet based collaboration tool BSCW for distrib-
uted engineering and showed that, whilst it was very 
useful for asynchronous work, additional tools to sup-
port synchronous activities were also required. 
Other systems that have concentrated on synchronous 
distributed collaboration are CAIRO (Feniosky, 1996), 
VPE from Fraunhofer IGD (Jasnoch and Andersson), 
and the DCEE system from the Keyworth Institute 
(Maxfield, 1998). 
The collaboration environment presented in this paper is 
an example of a class of applications generally referred 
to as mixed reality applications that merge real and 
virtual worlds and objects. In this context Milgram and 
Kishino (1994) suggests the definition of a real object 
as an object that can be view directly or in some sam-
pled and reproduced representation (e.g. a video capture 
and rendering), whereas a virtual object is one that is 
artificially generated by a computer (e.g. a CAD 

model). Koleva and Benford (1998) gives a classifica-
tion of mixed reality systems based on how information 
is conveyed through the boundaries (or interfaces) be-
tween the real and the virtual world. 

2.1. VR in Mechanical Engineering 
Among the “classical” applications of virtual reality 
(VR) are visualisation of different types of information 
and environments for simulation and training purposes 
(Bryson, 1996). 
In mechanical design, a solid model or virtual prototype 
of a product and its associated data can be processed 
using various software tools to analyse it’s performance 
or method of manufacture.  Virtual reality can be used 
to complement this as a tool in collaborative work set-
tings to allow several people to visualise and interact 
with the designed components and to simulate and ver-
ify the behaviour of the product (Rowell, 1997). 
The ability for virtual teams to share a single virtual 
world would make it possible for participants at differ-
ent locations to work together.  This would allow, for 
example, a team member to test the fit of the component 
they are working on with other parts simply by assem-
bling them in a VR world instead of sending drawings, 
CAD files or even physical prototypes between geo-
graphically remote sites. 
Whilst most geometric modellers use non-immersive 
screen graphics, semi-immersive and immersive sys-
tems using shuttered glasses, projection or head-
mounted displays (HMD) have been developed to create 
a more believable 3D images and environments.  Ex-
perimental immersive geometrical modellers include 
DIVEdit (Stenius, 1996), the 3DM system at the Uni-
versity of North Carolina (Butterworth, 1992), the ges-
ture based MOVE ON system (Hummels et al. 1997), 
and the virtual clay modelling system developed at the 
Fraunhofer Institute (Lüddemann, 1996).  These sys-
tems are not without their problems as they can cur-
rently only be used to display relatively crude geometric 
models and: 
"Head Mounted Displays prevent easy access to stan-
dard design tools, such as paper documents, telephones, 
coffee, and other people in the room." (Green, 1998). 
The authors suggest that in many distributed engineer-
ing work settings, two major situations can be identi-
fied:  
1. the design, simulation and shaping of CAD models 
2. the evaluation, discussion and comparison of the 
results of (1). 
In the “design” stage, sophisticated MCAE tools are 
needed whilst the “discussion” stage is characterised by 
meetings where models and results must be compared 
and reviewed.  These two situations put very different 
demands on the visualisation, modification, and interac-
tive features of a distributed collaborative VR environ-
ment. 
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3. THE DISTRIBUTED ENGINEERING 
COLLABORATION ENVIRONMENT 

When trying to realise a usable CSCW environment for 
collaboration among engineers two of the most impor-
tant issues are: 
• to allow people that are located in different geo-

graphical places to work together in virtual teams 
and  

• to co-ordinate tasks assigned to different people 
in the virtual organisation. 

In order to address these challenges, and specifically 
real time synchronous work such as distributed team 
meetings, a prototype system has been developed. 
It is generally recognised that that CSCW systems 
should combine different systems rather than building 
monolithic applications (Brooke 1993).  The prototype 
thus consists of three parts; a distributed VR environ-
ment, a conferencing environment and an interface to 
the CAD system.  Parts of the environment can bee seen 
in Figure 2. 

 
Figure 2 A distributed engineering session, combining a high-
quality videoconferencing and a shared virtual environment 

witch interfaces a commercial CAD system. 

In the following sections the different software and 
hardware components of the prototype system are de-
scribed along with how the interfaces between the VR 
environment, conferencing environment and CAD sys-
tem have been solved. 

3.1. The Distributed Interactive Virtual Environ-
ment 

The SICS Distributed Interactive Virtual Environment 
(DIVE) (Hagsand, 1996; Frécon et. al, 1998a) is an 
experimental platform for the development of virtual 
environments, user interfaces and applications based on 
shared, networked, 3D synthetic environments.  DIVE 
is aimed at multi-user applications, where several par-
ticipants, represented through avatars which reflect the 
actions and movements of each user, interact over a 
computer network such as the Internet. 

DIVE uses a peer-to-peer approach with no centralised 
server.  Systems communicate using reliable and non-
reliable multicasting.  A central feature in the program-
ming architecture of DIVE is the shared, distributed 
world database through which all user and application 
interactions take place.  Local DIVE applications thus 
interact with their local world database which is main-
tained and modified via peer to peer communication 
over the network.  This technique allows a clean separa-
tion between application and network interfaces. 
DIVE has developed over a number of years for devel-
oping prototype virtual environments in a wide range of 
application areas such as VR theatres/CAVES using a 
wide range of interfaces including HMD’s.  The plat-
form has a flexible, general-purpose application pro-
gramming interface which allows the DIVE system to 
be used on a wide range of platforms in different dis-
tributed environments such as broadband networks or 
the Internet. 
In the current application, DIVE functions as a virtual 
meeting place, at which engineers from different sites, 
with (potentially) different systems can meet, interact 
and view CAD models and animations.  DIVE thus 
allows both technical and geographical distance to be 
bridged. 
3.1.1. Coupling between MCAE system and VR system 
To enable collaborative interaction with geometric mod-
els from the MCAE system I-DEAS, an interface allow-
ing users of the virtual environment direct access to I-
DEAS geometric and product data management (PDM) 
database was developed.  The user of the virtual envi-
ronment can thus access I-DEAS project data and mod-
els in much the same way as when working in the 
MCAE-program.  The interface uses CORBA to enable 
communication between I-DEAS and DIVE and thus 
allows access to remote installations of the MCAE-
program regardless of computer architecture and dis-
tance, see Figure 3. 

Corba

I-DEASDIVE

Orbix
Daemon

Dive Client (NT or UNIX) I-DEAS Server (NT or UNIX)

CAE
ProgramDINGVE DIVE

Plugin Corba

 
Figure 3 Interface between MCAE system and DIVE. 

When a user wishes to access a CAD model via DIVE, 
it is “checked-out” from I-DEAS to DIVE.  The ex-
change of data is then performed automatically using 
appropriate formats.  If both users are using I-DEAS the 
transfer of the solid model is done in I-DEAS proprie-
tary format and if different CAD systems are used a 
STEP model is transferred.  It is also possible to 
“check-in” a model to a local CAD system from DIVE.  
This approach allows geometric data to be transferred 
whilst at the same time maintaining PDM meta data as 
well as configuration management data, physical prop-
erties and other design parameters. 
The DIVE representations of the solid models, as visu-
alised in the shared space, are thus representations of 
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the geometric component of a richer underlying struc-
ture which contains detailed information about a CAD 
entity.  The representations can thus act as access points 
to underlying data, such as notifications, version num-
bers, and so on. 
3.1.2. Visualisation aids in the Virtual Meeting Room 
Practical experience from use of the prototype system 
has shown the need for visualisation aids to enhance 
interaction during project discussions within the virtual 
meeting space.  This is motivated by the need to provid-
ing a means of adding persistent comments and tags to 
objects as well as providing mechanisms to enable ex-
amination of related parts in detail including establish-
ing dimensions and distances between objects; basic 
viewing and measurement techniques found in many 
MCAE systems. 
Annotating objects: The concept of virtual “postit-like” 
text notes was introduced by Frécon et. al. (1998b) as a 
means of annotating virtual objects in shared virtual 
environments.  This concept is extended in the present 
work by introducing time stamps and user notes to an-
notate parts of the CAD object representations.  These 
annotations can then be transferred to the local CAD 
system and be associated to the actual CAD models for 
reference during the asynchronous work phase. 
Visualising details of imported models: The environ-
ment supports making selected objects transparent or 
semi-transparent to gain visual access to hidden parts of 
a structure.  This facility is an extension of the subjec-
tive views (Snowdon et. al. 1995) and object hierarchy 
tools in the DIVE visualiser.  By selecting a part of an 
imported assembly the user may change the transpar-
ency of that branch whilst leaving other parts of the 
object unchanged.  This allows parts of the model to 
remain opaque, whilst surrounding surfaces are made 
transparent or removed, leaving only a wireframe, see 
Figure 4. 

     
Figure 4 By changing the subjective view of parts of an object 
hierarchy, items of interest can be highlighted while maintain-

ing the reference to other parts of an object. 

The distance measurement tool allows the user to make 
rough measurements between any two points on objects 
in the virtual meeting room.  Both material thickness 
and point-to-point distance can be measured interac-
tively in this way. 

3.2. Audio-/Videoconferencing 
One of the basic requirements of a synchronous collabo-
ration environment is the possibility to see and hear all 
other participants.  In order to make a distributed col-
laboration environment a feasible alternative to face-to-
face meetings, high quality audio- and videoconferenc-
ing must be integrated into the shared virtual space. 

3.2.1. Introducing Smile! 
Smile! is an integrated audio-/videoconferencing system 
developed to provide the high quality interaction neces-
sary in a distributed engineering situation (Johanson, 
1998).  The design takes full advantage of the band-
width available in high speed network environments.  
This makes it a better alternative to conventional desk-
top videoconferencing systems which are optimised for 
operation in low bandwidth network environments, such 
as the Internet or via ISDN, and which do not scale well 
when the available bandwidth increases due to the fact 
that they use highly lossy image compression algo-
rithms such as H.261, H.263 or CellB. 
3.2.2. Quality Requirements 
To remove or reduce the sense of physical separation 
between participants in a distributed engineering meet-
ing, the quality of the audio and video used must be 
high.  Jerky, low frame-rate video and low bandwidth 
sound ruins the feeling of presence.  Synchronisation of 
audio and video for each source must also be considered 
since bad lip-sync has a tiring effect on the listener.  
Several researchers, including Watson and Sasse (1996) 
and Kies et al. (1996) suggest a video frame rate of at 
least 6 frames per second (fps) to maintain the percep-
tion of audio-video synchronisation.  Bruce (1996) 
suggests that a much higher frame rate of 17 fps is re-
quired to convey facial cues, especially lip-movement.  
Bruce also highlighted the importance of a good, dy-
namic view of the face of the speaker to minimise the 
effect of noise in the audio signal, since even people 
with normal hearing lip read to some extent. 
In the prototype distributed engineering system devel-
oped, it has been found that the duration (up to several 
hours) and level of interaction of meetings demand high 
frame rates with around 15 fps at a resolution of at least 
384x288. 
Another factor which affects the quality of the audio 
interaction is delay.  Studies show that audio delays 
greater than 400 ms severely compromise the interactiv-
ity of conversation (Brady, 1971).  More recently, 
Bruce (1996) has shown that a maximum delay of 80 
ms is tolerable which is consistent with the experiences 
of from the present work.  The current system also pro-
vides high bandwidth by using a higher sampling fre-
quency (16 kHz) than is customary in teleconferencing. 
To avoid problems with echoes it is important to have a 
sound recording system with strong directional charac-
teristics.  Whilst active echo cancellation can be used 
with an “open” system consisting of omnidirectional 
microphones and a speaker system, this is computation-
ally intensive and often requires dedicated hardware 
support.  Using half-duplex audio (i.e. "push-to-talk") 
eliminates the echo problems, but O'Connail et al. 
(1996) have shown that full-duplex audio better sup-
ports highly interactive conversations.  The solution 
implemented in the present system is to use headphones 
instead of speakers which, whilst somewhat inconven-
ient, are quickly forgotten by the users. 
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Life-like reproduction of participants in an engineering 
meeting is achieved by projecting the screen image to 
reproduce participants at natural size by using a video 
projection system. 
3.2.3. Media Encoding Formats 
The video coding used for Smile! is Motion JPEG 
which codes each frame in a video stream independ-
ently as a still image using the JPEG still image com-
pression standard (ITU-T Recommendation T.81).  
Although M-JPEG only reduces spatial redundancy and 
thus requires more bandwidth than formats such as 
MPEG and H.261 which also reduce inter-frame or 
temporal redundancy, there are several reasons that 
make M-JPEG suitable for videoconferencing in a dis-
tributed engineering environment.  These include: 
• Availability of affordable high performance hard-

ware codecs 
• Low compression delays 
• High image quality 
• Ease of exchange of video images and animations 

from other applications (e.g. CAD-systems) 
The audio coding used in Smile! is uncompressed linear 
PCM coding with 16 bits/sample at 16 kHz.  Although 
speech can be coded very efficiently using sophisticated 
audio coding techniques, this was never a design goal 
for Smile!. Instead the approach has been to try to keep 
the audio as life-like as possible to enhance the feeling 
of a shared collaboration room.  By using a stereo sound 
reproduction system each sound source is located in the 
sound stage in a positioned corresponding to the associ-
ated video windows and hence contribute to the illusion 
of being in a shared meeting room. 
3.2.4. Transmission of Animations and Video Clips 
When engineering teams meet to discuss product de-
signs, it is of great value to be able to view animations 
generated from the CAD systems.  Functionality has 
been included in the Smile! system for streaming anima-
tions to all members of a conference.  The sender can 
control playback interactively, pausing, resuming, fast 
forwarding and so on via a simple control panel. 
In the same way, video clips of real life performance 
tests or other video-recorded material can be viewed by 
the meeting participants. 
3.2.5. Coupling between Videoconference and Virtual 

World 
Each participant in the distributed collaboration envi-
ronment is represented by an avatar in the virtual world 
along with a simultaneous audio and/or video stream.  
To create a coherent collaboration environment it is 
important that there is an intuitive connection between 
each participant's virtual representation (the avatar) and 
his/her voice (audio stream) and image (video stream). 
The most advanced solution would be the tight integra-
tion between the video system and the virtual environ-
ment achieved by mapping the video image of each 
participant onto their corresponding avatar in real time.  

Whilst offering the ultimate level of realism there are 
several practical problems in addition to the computa-
tional complexity.  Since an avatar is viewed from a 
different perspective by each participant multiple video 
cameras would probably be needed at each node which 
would change their position in response to a viewing 
avatar changing position!  
It can be questioned whether the best virtual representa-
tion of a participant in an engineering conference is an 
avatar in the shape of a person; which is the solution 
currently implemented.  An engineering meeting fre-
quently involves groups of engineers at one or more 
participating companies sharing the same videoconfer-
ence but being represented by a single avatar in the 
virtual world.  Since the video images of a group of 
people can't be sensibly rendered on a single humanoid 
avatar the possibility to render a video image of a group 
of people on a “videoconference unit” (maybe some-
thing like a TV-set) which is incorporated in the VR 
world, rather than being a separate videoconference 
window, is being investigated.  
The currently implemented solution is to give each 
participating avatar a different coloured shirt which 
corresponds to the colour of the window frame for their 
video images in the conference system.  The use of a 
logotype to achieve this visual association is also possi-
ble.  The colouring of the avatars and the associated 
video windows is a trivial programming task. The only 
issue is how to find a unique identification of each par-
ticipant in the conferencing system as well as in the VR-
system and to establish a correlation between the two. 
Since the videoconferencing system Smile! and the VR-
system DIVE both use the USER environment variable 
available in UNIX systems this one-to-one mapping was 
very simple to implement.  
To provide a visual cue as to who in the virtual world is 
currently talking DIVE renders "sound waves" around 
the avatars of participants who are known to be speak-
ing.  The trigger for this comes from Smile! which al-
ready incorporates a silence sensor (applying a thresh-
old function to the input audio signal from each partici-
pant's microphone) to avoid sending audio packets to 
the network if a user is silent.  The DIVE Command 
Interface (DCI) allows an external application such as 
Smile! to connect a socket to a DIVE process and to 
send arbitrary TCL commands to DIVE.  A natural 
enhancement of this system would be to incorporate 
more subtle visual representation such as moving lips 
on a humanoid avatar.  
3.2.6. Smile! Network Protocols 
The RTP/RTCP protocols  (Real Time Protocol/Real 
Time Control Protocol) are used by Smile! to packet 
audio and video data into UDP datagrams for transmis-
sion over IP-networks (Schulzrinne, 1996).  For multi-
point operation, the datagrams are multicast to a class D 
IP-address.  In network environments lacking multicast 
support, an RTP-reflector can be utilised.  Since both 
Smile! and DIVE use the RTP/RTCP protocols a com-
mon reflector can be used for all communication.  Fur-
thermore, user presence awareness and basic session 
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management information can easily be shared between 
the applications by monitoring RTCP-packet streams. 

3.3. The Virtual Workspace System 
The tools described so far are aimed at supporting syn-
chronous collaboration where engineers interact in a 
virtual meeting place and exchange information in real 
time.  During the lifetime of an engineering project 
there is also a need for asynchronous information shar-
ing.  CAD drawings and models, documents and multi-
media objects need to be easily accessible to all mem-
bers of the project.  To support this interchange of per-
sistent data, the prototype system uses a WWW-based 
virtual workspace system called BSCW (Bentley et. al., 
1997) accessed through a standard WWW-browser. 
BSCW organises documents and other objects in a 
folder hierarchy (similar to a file system), categorised 
by MIME-types. 
The system can also be used for threaded discussions, 
planning meetings and invoking synchronous collabora-
tion tools like DIVE and Smile!.  When a user sched-
ules a meeting using BSCW, e-mail invitations can be 
sent to all participants and responses logged.  When the 
meeting is to take place the appropriate collaboration 
tools can be launched automatically. 
A presence awareness feature of BSCW, known as the 
Monitor, is used to keep users of the system informed 
about who else is currently logged on and active.  This 
tool can be very useful in initiating spontaneous syn-
chronous collaboration sessions (that is, meetings that 
are not planned in advance).  Thus, BSCW not only 
supports document sharing but also serves as a "session 
directory" tool that supports the transition from an asyn-
chronous collaboration situation to a synchronous ses-
sion. 

4. TEST CASE 

4.1. Background 
An important part of this study was to demonstrate and 
evaluate the system in a realistic environment.  To do 
this a scenario was developed in which three different 
organisations, located in a different part of Sweden (see 
Figure 5), worked together in a virtual organisation to 
design a winch for an offshore crane. 
The network configuration for the test case connected 
the three sites (Luleå, Stockholm and Gothenburg) with 
a 40 Mbits/s backbone ATM network.  An IP network 
with multicast support was realised on top of the ATM 
infrastructure.  Since the case study and demonstrator 
was performed using a dedicated network no resource 
reservation issues had to be considered.  In a public 
networking environment, however, this is a critical 
factor since the performance of the synchronous col-
laboration tools (i.e. the audio-/videoconferencing tools 
and the shared virtual environment) is dependent on the 
available bandwidth and transmission delays. 
In the tests the node hardware range from inexpensive 
workstation such as SGI O2 up to high-end visualisa-
tion systems such as SGI Onyx2 with a CAVE display 

system.  Different interaction techniques were also 
tested including a 3D-interaction device and a large-
display touch screen. 

 
Figure 5 The geographical distribution of the three members 

of the distributed work team. 

4.2. The Design Scenario 
The scenario picked up the project at the embodiment 
design phase where the principle geometry of the winch 
had been defined, but some minor problems still ex-
isted.  There were also some tasks that were not yet 
finished such as assembly issues related to the brake of 
the winch and final assembly of the winch in the crane.  
Some of the simulations of function and performance on 
the final geometry were still to be done. 
4.2.1. Team Responsibilities and Tasks 
The distributed team consisted of three people: 
• An engineer in Luleå at a company that develops 

brakes for winches. 
• An engineer in Stockholm at the company that 

develops the offshore crane; responsible for the 
packing of the winch assembly in the crane. 

• The team leader in Gothenburg whose job was to 
co-ordinate the tasks, and manage the team. 

Based upon an initial study of typical work patterns in 
mechanical engineering groups, a number of typical 
tasks undertaken during a typical meeting were identi-
fied.  These included: 
• Discuss simulation or test results. 
• Discuss an assembly sequence. 
• Transfer solid model data between the workgroup 

partners. 
• Interact with 3D geometry (inspect, annotate). 
• Checking interference between two parts in an 

assembly. 
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These tasks were executed in the prototype system and, 
during a number of test runs of the scenario, some ini-
tial observations could be made regarding the useful-
ness of the system within the target application area. 
The study confirmed that the use of high quality video 
and audio for teleconferencing made it easy to work 
together for long times (for hours or more). 
The multi-user virtual environment for sharing objects 
was very useful (for interference checking, annotations, 
etc.). 
A document server for shared documents (multimedia 
objects) is necessary; although more sophisticated data 
management functionality, including versioning, than 
available in the implemented version of BSCW would 
have been beneficial . 
The combination of the conferencing system and the 
shared virtual environment created an awareness of 
other users presence and activities. 

5. CONCLUSIONS 
This paper has addressed the issue of providing support 
for distributed engineering work involving virtual 
teams.  The design of a prototype environment for dis-
tributed engineering is presented and a specific user 
case described.  It is expected that the growing level of 
industrial inter-company co-operation through multi-site 
development projects and virtual corporations and joint 
ventures will result in an increasing demand for systems 
supporting distributed engineering collaboration. 
The approach presented seeks to combine different 
systems that offer domain specific functionality, rather 
than create a single platform that is capable of every-
thing but full of compromises.  Pure CAD systems are 
indispensable for doing serious mechanical engineering 
whilst shared VR systems provide unparalleled support 
for visualisation and conferencing in distributed virtual 
environments.  High-quality audio/video has been seen 
to be invaluable for creating a feeling of presence and 
contact.  By using an open design, an environment that 
is easily tailorable but still integrated in a natural way 
can be created. 

6. FURTHER WORK 
The work presented will continue to be developed and 
evaluated.  The current project has led to involvement in 
the Electronic Collaboration project with Volvo Car 
Corporation.  The concepts and tools developed in the 
present work will be tested in co-operation with Volvo 
in a "visionary project" and the results gradually intro-
duced in Volvo's working group meetings. 
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ABSTRACT 

This paper describes a collaborative 
product development demonstration over 
a broadband network using both 
distributed VR and video-conferencing. 
Two different types of physical 
collaboration environments were used 
including one with life-sized conferencing. 
The scenario included a product review of 
a  nanosatelite with participants at two 
different places in Sweden located 1500 
km apart. 

Introduction 

Today, concurrent engineering, distributed 
teams, and world wide collaboration is of 
the norm and, therefore, tools that support 
distributed collaboration is of great 
importance. 

At the Division of Computer Aided 
Design at Luleå University, computer tools 
for distributed engineering have been 
developed in cooperation with the Swedish 
Institute for Computer Science (distributed 
VR systems) and Framkom (broadband 
conferencing). The environment supports 
data sharing and exchange for product 
development (Törlind et al. 1999).  

The first version of this environment 
was presented in March 1998 and 
supported conferencing with SMILE 
(Johanson 1998), shared multimedia 
(documents, audio and video), and a 
distributed virtual reality environment, 
DIVE (Frécon and Stenius 1998), for 
sharing MCAE information. The 
environment has now been used more 
than three years and has been tested and 
demonstrated to gain industrial feedback. 
Improvements have been done on virtual 
tools, interaction techniques, and 
enhanced coupling between both VR- and 

conference-environments. The system 
used a Corba based approach that gives 
the user of the virtual environment direct 
access to the CAE-database (I-DEAS). 
The user can access projects in the CAE-
program as well as all models available in 
the database in the same way as he 
accesses the models when working in  
I-DEAS (Törlind 1999). 

Although the distributed engineering 
system project is focused on physical 
environments and the combination of 
broadband conferencing and VR, it does 
not deal with floor control problems such 
as in the CAIRO-system (Peña-Mora et al. 
2000). 

The DIVE system had been used in 
earlier work, while a commercial VR 
system, Division Mockup 2000, was used 
in this test. One of the main differences 
between DIVE and Division is that DIVE 
can import models at runtime with the 
models then being distributed to all 
participants via multicast. In Division the 
models must be transferred to the local 
computer before the distributed session 
starts. Division is better suited for large 
assemblies and has better rendering 
performance. 

In earlier work, avatars had been used 
as a visual indication of the user to 
indicate the user’s viewpoint. Face 
textures and shirts with logotypes have 
been used to differentiate the users, see 
Figure 1.  

The avatars have worked well for this 
purpose; however some problems occur 
when an avatar represents a group. The 
avatar has also worked as a visual 
reference to the size of the models, but if 
the model is small (like when working on a 
cellular phone) resizing of the model is 
needed, and a “human” avatar would, in 
this case, confuse the users.   
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Figure 1  Avatars working in the DING environment.  

The following section discusses related 
work, whilst section two gives an overview 
of the implementation, a discussion of the 
separate applications, setup of the 
physical environments, and a description 
of the demonstration.  

Related Work 

The use of a distributed team and one 
shared virtual world makes it possible to 
be at different geographic locations and 
still work together in the virtual “room”. 
Such systems can also combine digital 
mockup functionality, allowing assembly or 
fit of components to be tested interactively. 
Research systems include the Distributed 
Collaborative Engineering Environment 
(Maxfield et al. 1998) and the Distributed 
3D Virtual Conference Environment (VCE) 
(Shiffner 1998). The VCE has several 
similarities with the DIVE part of the DING 
system, such as also using avatars , but in 
the VCE system the avatars are abstract 
(non human) and require a live video 
stream for conferencing.  

The idea of using life-sized 
conferencing has been used in several 
projects such as the Multi-Attendant Joint 
interface for Collaboration (MAJIC) (Okada 
et al. 1994) where the concept of virtual 
distance, i.e. the sense of the distance 
between the participants in the 
videoconferencing, was presented.  They 
also concluded that the best distance for 
virtual conferencing is the virtual social 
distance, corresponding to the social 
distance (1,25-4 m) in real life. 
 

 Office of the future (Chen et al. 2000) is a 
telepresence project with high-end 3D 
conferencing that uses an array of 
cameras, depth acquisition, and motion 
tracking to create a 3D environment with a 
dynamic viewpoint.  Another 3D approach 
is to use a static viewpoint with only two 
cameras at each end (Johansson, 2001). 

Implementation 

This part of the paper describes how the 
demonstration was done and the technical 
setup. 

The Nanosatelite Project 

The nanosatelite used in the 
demonstration is developed within the 
Ångström Nano Satellite program 
(Stenmark 2001), where the mechanical 
detail design and simulation of 
performance was done in collaboration 
with Division of Computer Aided Design at 
Luleå University (Karlander and Larsson 
2001). The aim was to design a 
nanosatelite (less than 10 kg) with Micro 
and Nano Technology for space 
applications. During the mechanical 
design of the satellite CAE models were 
used to create VR models and animations 
to simplify design reviews and 
collaboration. The animations were 
rendered in Maya and EAI VisLab and 
stored on a video server as a JPEG 
compressed movie. The size of a typical 
movie was about 35 MB.  

The VR model of the nanosatelite 
consisted of about 900 instances and 
about 80 different geometries (parts). 
Many of the smallest instances, and small 
features as threads, were suppressed in 
the CAD system before conversion to the 
VR system. The complete VR model of the 
nanosatelite is approximately 25 MB with 
the corresponding CAD data was about 1 
GB. 

The Demonstration Scenario 

The scenario was a product review of 
some parts of the satellite involving one 
participant in Luleå and one in Mölndal 
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(distance of about 1500 km). In Luleå, two 
different physical environments were used: 
one high end and one with normal 
configuration. In Mölndal, the setting was a 
PC workstation and a SGI 02 for 
conferencing, see Table 1 for details. 
 LTU Mölndal 

Visualisation 
computer (VR) 

SGI Onyx2 IR 
4x250MHz 

 

Win NT 
2x1GHz 

HP X-class  
Win NT PIII1GHz 
 

Conferencing SGI O2 
Network ATM 40 Mbit 

Fast Ethernet 
100 Mbit 

Fast Ethernet 
100 Mbit 

ATM 40 Mbit 

Displays 3 projectors 
large display 
(7,5x2,5m) 

50 “ plasma 
display 

projector 
 

50 “ plasma 
display 

24” monitor 
 

Table 1 hardware setup. 

Network 

A broadband network was realised over 
Telia’s ATM backbone (TCS - Telia City 
Services) consisting of a 40 Mbit 
connection between Luleå University and 
Mölndal.  

The network load from the 
videoconferencing tools ranged from 5 to 
35 Mbit. The network load by the 
distributed VR system is very low during 
the conference because no models are 
transmitted!  

The Studio 

The Studio (Studion 2001) is a research 
facility in Luleå designed for collaborative 
work. The combination of a large screen 
back projection display, the integration of 
sound, video, and data, and the possibility 
of being able to co-operate over distance 
creates a virtual environment that cannot 
be found anywhere else in Sweden. The 7 
x 2.5-metre projection wall with high 
resolution (3200x1024 pixels) is placed on 
the floor, see Figure 2. Up to 50 
participants can communicate actively and 

connect their laptop computers.  

Conferencing Setup 

Bergman describes a vision (Bergman 
2000) for a collaborative environment   as 
a shared virtual reality meeting 
environment with high quality conferencing 
where people can interact with objects and 
people in a holographic environment. 

The demonstration in Luleå is more 
moderate, but includes VR environment 
combined with live-size conferencing.  

One of the important aspects of design 
communication is by video and audio. The 
designer uses gestures and body 
language in addition to audio to 
communicate. Systems that integrate 
video windows in the VR environment, 
such as the VCE system, are often forced 
to use fairly small video windows.  In order 
to read facial expressions and gestures 
there is a need for life-sized conferencing 
(Okada et al. 1994). Buxton illustrated that 
by sending more than the image of a 
person’s upper body, a richer vocabulary 
of body language could be used (Buxton 
1992).  

In this setup the goal was to use a life- 
sized conferencing environment of very 
high quality so that gestures and body 
language can be perceived. As in the 
MAJIC project the borders between the 
participants was removed so as to achieve 
a feeling of togetherness in multipart 
conferencing.  

By using a black background and a 
special version of the Smile conferencing 
environment without window frames and 
toolbars for the video conference window, 
a virtual human can be projected onto the 
large screen in actual size with high 
quality! This setup is more natural to use 
on a large screen than by using a normal 

Figure 2 the Studio (rendering by Magnus Fredriksson) 
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window based videoconferencing. The 
window based videoconferencing and the 
life-size conferencing can be seen in 
Figure 3 and 4.  

 
Figure 3  life sized videoconferencing. 

 
Figure 4 normal window based videoconferencing. 

The virtual distance between the 
remote participant and receiving 
participant was within the social distance. 
One of the screens in the studio were 
used for videoconferencing and streaming 
of animations and the others for displaying 
the VR content , see Figure 5. 

In the normal setup one projector was 
used for the VR model and a plasma 

screen for videoconferencing. The virtual 
distance between the users was larger 
than in the Studio settings and the 
communication was not as good as when 
using life-sized conferencing. A video clip 
from the demonstration can be found on 
the Internet (Törlind 2001). 

The Smile system is also designed for 
3D videoconferencing. However, users 
today are forced to use shutter or 
polarised glasses, therefore making eye 
contact impossible. The 3D 
videoconferencing was used in another 
setup where the task was to interact with a 
remote environment; in this case, driving a 
remote controlled car in Mölndal from 
Luleå. For this kind of interaction 3D 
videoconferencing works well. 

Conclusions and Further Work 

This paper describes a demonstration, 
where two product development sites 
separated by 1500 km were working 
together using distributed VR combined 
with broadband videoconferencing. Two 
different physical environments were used: 
one with a large screen display where the 
people in the conference could be 
projected in life size, the other with a 
normal projector / monitor setup.  

The demonstration showed that life-
sized conferencing combined with 
distributed VR gives an improved sense of 
presence and interaction than using 
normal conferencing. The normal 
conferencing setup is more suited for the 
day-to-day work when the engineer is at 
his office.  

This will be further tested during a 
longer product development project 
between Luleå University and Stanford 

Figure 5  the setup in the studio. From the left, technical animations, life size videoconferencing and distributed VR. 
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University, USA. In the case study a 
distributed product development team will 
work together for six months. 

3D videoconferencing was also tested, 
but the need for shutter glasses removes 
any possibility for eye contact. Upcoming 
technology in this area will use stereo LCD 
screens (DTI 2001), thereby removing the 
need for shutter glasses. With this 
technology a very interesting virtual 
conferencing environment can be realised 
as a combination of 3D-videoconferencing 
and 3D-VR environments. 
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ABSTRACT 
Coordination and exchange of information between 
participants in a distributed product development team is 
technically difficult and time consuming. Different 
locations and time zones further complicate 
communication. It is therefore important to provide tools 
and methods so that a geographically distributed design 
team can collaborate as teams in the same location do. 
Two partners located 430 km apart, which previously had 
worked together without distributed engineering tools, 
were given the possibility to work together using the tools 
for distributed engineering developed at Luleå University 
of Technology in cooperation with Alkit Communication 
AB and SICS. These tools support conferencing, shared 
multimedia (documents, audio and video) and a virtual 
reality environment for sharing engineering information. 
The communication tools were implemented on top of a 
155 Mbit SDH network. 
By using distributed engineering technologies the 
competence in both places was used better. The 
distributed engineering tools and methods contributed to 
better focus and collaboration instead of consulting. The 
computer tools also simplified all contact and enabled 
meetings several times a week instead of one every two 
weeks. A new tool for video annotation is also presented. 

Keywords 
Distributed Engineering, Computer Supported 
Cooperative Work, Computer Aided Design 

INTRODUCTION 
Engineering design is fundamentally social, requiring a lot 
of interaction and communication between the people 
involved [1]. Additionally, good design often relies upon 
the ability of a cross-functional team to create a shared 
understanding of the task, the process and the respective 
roles of its members. 
The object of the research is an engine development 
project at Hägglunds Drives AB where the consultant firm 
Conex AB does computational engineering simulation on 
engine parts. The two companies are situated about 430 
km apart so when they meet physically they need to travel 
4-6 hours one way.  

The products at Hägglunds Drives are mainly hydraulic 
motors for high-demand, reliable power within industrial 
and marine applications. The department of product 
development at Hägglunds is quite small so in the 
everyday work the information flow is informal. 
Documentation is only done when major design decisions 
are done, although all products are designed in a CAE 
environment so the final design is always documented. 
Hägglunds normally do engineering computation in-house 
but when developing new products they normally 
outsource some of the simulation to specialists. Conex AB 
is a small consultant company in Luleå which specialises 
in product development and simulation. Conex and 
Hägglunds have previously worked together and all 
persons involved in the project where familiar to each 
other. 
The two companies are used to working together in the 
traditional way using e-mail, telephones and fax to 
communicate between the formal project meetings which 
are held every second week. Due to the long travel for the 
project meetings the consultant had to be extremely well 
prepared for the meeting; it was unacceptable to forget 
something at home.  

 
Figure 1 Map over Sweden with the two companies involved at Luleå 

and Mellansel. 
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RELATED WORK 
According to Maher and Rutherford [2], the requirements 
for a collaborative design environment fall into three 
categories: 
• A shared workplace (a group of designers with shared 

access to relevant applications where each designer 
sees the same visualisation and data of the design). 

• Data management (support for persistent storage and 
version control of design documents and the current 
state of the design process). 

• An application domain (providing a variety of design 
tools). 

Many research systems for asynchronous distributed 
engineering based on Internet or web solutions have been 
developed. Wang et al. [3] further explores existing 
technologies for collaborative conceptual design.  
One of the largest research projects in integrated product 
development is the Integrierte Virtuelle 
Produktentstehung (IVIP) [4]. The IVIP project creates a 
framework for integrated product development with tools 
to support product development in a distributed 
environment.  The focus, however, is not on synchronous 
collaborative design. 
Today almost all commercial PDM and CAD systems are 
also “web-enabled” which enables access to product data 
via the Internet where it can be used for discussions, 
collaboration and marketing. Such systems, however, 
were not originally developed to support collaborative 
design. For this to take place, synchronous distributed 
collaboration is required where people can share, interact 
and communicate product information using Internet 
based systems in real time. Several research systems such 
as [5, 6, 7] have been developed. Some distributed 
engineering environments are based on a distributed 
virtual reality environment where different engineers can 
have different points of interest and active interaction, 
such as the Distributed 3D Virtual Conference 
Environment (VCE) [8], and the distributed collaborative 
engineering environment (DCEE) [9].  
Engineering design is not only to exchange and share 
CAE models. Toye et al. [10] claims that: “team design is 
a process of reaching a shared understanding of the 
domain, the requirements, the artefact, the design process 
itself and the commitments it entails. This requires 
communication that is not supported by current CAD 
tools and PDM systems.”  
One way to support this shared understanding is to use 
audio and videoconferencing [11]. Many of the systems 
used today are designed to be used in telephone 
infrastructure such as ISDN-based systems or via the 
Internet. These systems have the disadvantage that they 
are optimised for operation in low-bandwidth network 
environments which, due to the fact that they use highly 

lossy image compression algorithms, do not scale well 
when the available bandwidth increases. Bruce [12] 
suggests a frame rate of 17 fps to convey facial cues, 
especially lip-movement. He also highlights the 
importance of a good, dynamic view of the speaker’s face 
to minimise the effect of noise in the audio signal, since 
even people with normal hearing can lip read to some 
extent. The audio delay in the system is also very 
important; Bruce showed that a maximum delay of 80 ms 
is tolerable without severely compromising the 
interactivity of conversation.  
CAE and CAD software play a prominent role in 
engineering and design projects. In collaborative 
distributed engineering and design, it is therefore 
important to support shared views and shared control of 
these systems. Shared application systems enable people 
sitting in different places to share applications (i.e. 
windows).  All users are forced to share the same view 
that is controlled by only one user at the same time.  
Many case studies on distributed engineering have been 
focused on tools for collaboration, the information flow or 
the organization of the work.  
Riesenfeld et al. [13] describe a multi disciplinary design 
project where a small distributed design group used 
videoconferencing via a video network and an 
experimental client server based CAD program. In this 
project the development time was greatly improved. 
However the team had problems with spontaneous 
synchronous meetings, such as distributed brain storming, 
due to the availability of the videoconferencing system 
which had to be scheduled in advance. The voice and 
video lag during teleconferencing was also found 
detrimental to the spontaneity of the design process. 
Sclater et al. [14] describes several studies on 
collaborative design projects; they highlight that a poor 
physical environment contributed to communication 
difficulties, and that the right physical environments must 
be provided to ensure effective work in the virtual one. 
When using video cameras for communication the quality 
was poor and that audio/video synchronisation caused 
dissatisfaction. But their conclusion was, however, that 
asynchronous communication such as videoconferencing 
and chat are an important part of the design process. 
Törlind et al. [15] presented a distributed engineering 
environment with high quality conferencing and a 
distributed VR-environment for sharing geometry. The 
result was that pure CAD systems are indispensable for 
doing serious mechanical engineering whilst shared VR -
systems provide unparalleled support for visualisation and 
conferencing in distributed virtual environments. It also 
demonstrates that high-quality audio/video is invaluable 
for creating a feeling of presence and contact. This 
environment was also enhanced [16] with tools for 
awareness and informal communication. 
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METHOD 
The research described above influenced the initial design 
of the collaboration tools, and over the course of the study 
some small adjustments were made to improve the 
collaboration tools. Ethnographic techniques [17], such as 
observations, video and tape recordings, informal 
interviews and field notes have also been used to gain a 
better understanding of the work activities that the system 
is supposed to support. This qualitative approach was 
combined with quantitative data derived from system log 
files e.g. timestamp, bitrate, video size etc. Also, by taking 
a screen capture of the computer screen every minute, it 
was easy to follow a conference, to see how cameras were 
used, and to check the quality of the video in the 
conference. 

DESIGN AND IMPLEMENTATION 
To enable the distributed collaboration, a broadband 
infrastructure was realized between the two partners. The 
network between Luleå University of Technology and 
Hägglunds in Mellansel was based on a 155 Mbit SDH 
network from Telia. On this infrastructure an ATM 
network with classical IP was used. Between LTU and 
Conex a dedicated 100 Mbit Fast Ethernet connection was 
used.  

Telia Services 

LTU 

155 Mbps 

Hägglunds Drives
Mellansel

155 Mbps 

Conex 
Aurorum 

100 Mbps 

 
Figure 2 The network topology in the case study. 

The distributed engineering environment that was 
implemented on top of this infrastructure contained 
several tools such as: 
• A shared workplace width multimedia conferencing, 

shared applications and distributed VR. 
• Data management. Web-based document servers and 

shared databases for CAE. 
• An application domain, FE-programs and other 

simulation tools  
The computer setup at both places consisted of SGI O2 
for videoconferencing and some PCs for word-processing, 
etc. At Conex a SUN Ultra 60 Unix workstation was used 
for CAE, an image from the environment can be found in 
Figure 3. 

 
Figure 3 The physical setup at Conex in Luleå. 

The audio for videoconferencing was based on 
headphones and omni directional conference microphones 
with duplex audio. The video cameras used in the setup 
were Sony EVI-D31 which could be remote controlled 
using the videoconference application. 

Computer tools 
The environment used some commercially available tools 
such as Microsoft NetMeeting, VNC, BSCW and research 
prototypes such as Smile! and DIVE.  
In the project several new tools were introduced, and the 
learning threshold for some tools such as the distributed 
VR-system and advanced features in the document server 
was quite high. These functions were therefore gradually 
introduced in the project.  

Conferencing environment 
The conferencing used was the Smile! system developed 
by Alkit Communications AB. Smile! [18] is an integrated 
audio-/videoconferencing system developed to provide 
the high-quality interaction necessary in a distributed 
engineering situation. The design takes full advantage of 
the bandwidth available in high-speed network 
environments. Smile! also provides high audio quality by 
using PCM coding with 16 bits/sample at a sampling 
frequency of 16 kHz, which is higher than is customary in 
teleconferencing. 
When engineering teams meet to discuss product designs, 
it is of great value to be able to view animations generated 
from the CAD systems. Functionality has been included in 
the Smile! system for streaming animations to all 
members of a conference. The sender can control 
playback interactively-pausing, resuming, fast forwarding 
and so on via a simple control panel. 

Application sharing 
Application sharing was done using SUN Forum, 
Microsoft Net Meeting, and SGI Meeting which are all 
compatible with the T.128 Protocol for application 
sharing [19]. The VNC program [20] was also used. 
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DIVE  
The distributed VR system DIVE was used to share and 
communicate geometrical models. It is based on the 
Distributed Interactive Virtual Environment (DIVE) [21, 
22] developed by SICS. DIVE is an internet-based multi-
user VR system where participants navigate in 3D space 
and see, meet and interact with other users and 
applications. An interface between the CAE system and 
DIVE gives the user of the virtual environment direct 
access to the CAE-database [15]. The user can access 
projects in the CAE-program and access all models (i.e. 
parts and assemblies) available in the database in the same 
way as they would access the models when working in the 
CAE-program.  

RESULTS 
During the project video cameras were used to create an 
open video link between the collaborators. The result was 
that the video links enhanced the sense of working in a 
shared physical environment. During the project, 
information flow was changed to a more informal way of 
working; regular formal project meetings were still held 
about once or twice a week, but now using the distributed 
tools, so no travel was required. Several people from each 
company attended the distributed meeting and an agenda 
was prepared in advance. At these meetings results and 
findings were discussed, formal decisions on how to 
proceed were made and the meeting was documented in a 
regular way. Between these formal meetings several short 
informal meetings were held to clarify problems, check 
the results of the latest simulation or just for casual 
conversation. This kind of informal communication 
created a better understanding of the real problem in the 
project. The need for physical meetings was reduced to a 
minimum; during the case study only one physical 
meeting was held in the beginning of the project.  

Simulation presentation 
In the study the DIVE system was only used a few times. 
One of the main reasons was that the project was a 
computational problem that should be solved and no new 
geometry was created during the project. The users also 
found the navigation and interaction in the VR-program a 
little complex. The findings from earlier work [23] show 
that VR programs are really useful if the collaboration 
deals with the design of new geometry in a complex 
product with many parts.  
The application sharing program was used successfully 
when sharing documents and agendas, but not as well for 
interactive sharing of 3D-geometry and simulation results. 
This is because the application sharing program did not 
scale well enough, though the network bandwidth was 
better between the two sites than within the local network. 
e.g. the user could not interactively move a result set, 
instead he interacted and waited for a while until the 
remote computer had updated the picture. When 

explaining complex results, animations were created in 
the FE-application and then streamed from a video server 
to the remote participant.  

Sketching 
When working with electronic documents and drawings, 
the distributed team used shared whiteboards for mark up 
and annotation. When the mouse is used for annotation in 
a figure, the result was only rudimentary sketches; see an 
example in Figure 4. 

 
Figure 4 An example of annotations in a digital drawing. 

In Luleå a Wacom digitizer [24] was used instead of the 
mouse and this simplified the interaction significantly, but 
there were still usability difficulties because the user has 
to learn to draw on the digitizer and look at the computer 
screen.  
Due to the poor interactivity of whiteboards in the shared 
applications and other shared tools, normal whiteboards 
were heavily used.  

 
Figure 5 Using a normal whiteboard, the view from the remote site. 

A normal meeting often used a traditional paper drawing 
for discussion. The paper drawing was not available in an 
electronic format; in order to use the drawing in a 
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whiteboard application the drawing must be digitized or 
scanned and then saved in the right place and finally 
opened in the shared whiteboard. This process was too 
cumbersome and the electronic whiteboards were difficult 
to work with, so instead a drawing was placed on a wall 
and the camera was zoomed into an interesting area. 

Measured data 
During the project video was always used. The average 
bitrate for video was about 3 Mbit in each direction and 
the bitrate for audio 512 kb. The average total bandwidth 
for conferencing was 7 Mbit. The peak level for 
videoconferencing when streaming video is about 8 Mbit 
in one direction. 
The average frame rate was about 21 fps and the video 
size used was 540x432 pixels, this size was used so both 
windows could be tiled without overlapping. Late in the 
project the function for scaling down the sending window 
was implemented. 
The conferencing system was started 107 times during the 
period; se Figure 6. The system was often left running 
when no meeting was being held, as an awareness camera 
or pointing out of the window, thus establishing some 
sense of “being there”.  

Conferencing

0

6

12

18

24

00
-1

1-
24

00
-1

2-
01

00
-1

2-
08

00
-1

2-
15

00
-1

2-
22

00
-1

2-
29

01
-0

1-
05

01
-0

1-
12

01
-0

1-
19

01
-0

1-
26

01
-0

2-
02

01
-0

2-
09

01
-0

2-
16

01
-0

2-
23

01
-0

3-
02

01
-0

3-
09

01
-0

3-
16

01
-0

3-
23

01
-0

3-
30

Date

Ti
m

e 
[h

]

 
Figure 6  Usage of the conferencing system. 

DISCUSSION 
There may be a problem of comparing two different 
methods of working in product development because a 
project is never the same-different people work together; 
the quality of the work can depend on several causes not 
connected to the project, such as the workload of the 
people involved; personal relations; etc. In this case the 
two companies had worked together before without 
distributed engineering technologies, so by comparing the 
way of working before and after the implementation, 
some conclusions can be drawn. 
The advantage of using the distributed engineering 
approach was that communication was better than usual, 
though the conferencing environment enabled a dynamic 
and flexible personal contact which is much better than 

phone and e-mail. Fewer mistakes were made and the 
quality of the work was better.  
The travel required in the project was much less than 
before. The amount of travel was decreased almost to 
none. The consultant from Luleå traveled once to 
Mellansel for the kick-off meeting; after that all meetings 
were held using the distributed engineering system. In a 
similar project the group held a meeting every second 
week, so in the six-month period, about 120 h of travel 
would be avoided. 
By storing all information in the project in a document 
server, all information was accessible for everyone in the 
project. By using these tools, not only CAE-models and 
documents but also the knowledge at the company are 
available. If additional expertise is needed, it’s easy to 
bring another person to the meeting.  

Audio and video 
In a meeting with several users, an open system was tested 
with omni-directional microphones. The problem with this 
solution was the acoustic feedback. Instead a conference 
microphone/loudspeaker unit with echo cancellation was 
used. The audio quality of the conference microphone was 
unsatisfactory because it clipped audio and made 
simultaneous conversations (i.e. interrupting someone) 
almost impossible. Whilst active echo cancellation can be 
used with an “open” system consisting of omni directional 
microphones and a speaker system, this is 
computationally intensive and often requires dedicated 
hardware support, which is normally designed for ISDN-
based videoconferencing and uses a low sample rate 
which is inadequate for Smile!. 
The conferencing environment was designed for small 
groups, and therefore it was not appropriate for meetings 
with more than three people. The display size (normal 21” 
CRT monitors) was too small when used in a large group. 
These problems with audio and video has been solved in 
another project [25] by using wireless microphone and 
plasma display or projection systems. 

Sketching 
To support the sketching on paper described above, 
remote camera control was used. A new tool, video 
annotation, was also developed. With this tool it is 
possible to annotate within the video window; see Figure 
7. 
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Figure 7 Video annotation in Smile! 

Shared applications were mostly used for sharing 
documents. Even with the high network bandwidth, the 
application sharing program could not be used for sharing 
the simulation results. 

Simulation results 
Large FEM simulations often consist of very large 
datasets (elements with node information and result data 
such as strains and stresses), and they are complex to store 
and distribute in an efficient way. 
The distributed VR-system DIVE used in this project 
could not handle these extremely large datasets. Instead, 
the programs for application sharing in combination with 
still images and animations where used for sharing and 
storing simulation results; see Figure 8 for an example. 

 
Figure 8 A typical FE-model of the hydraulic motor with 

approximately 100 000 elements 

Infrastructure 
The bandwidth used in the study varied between 10 Mbit 
and 15 Mbit continuously, with peak transfers up to 80 
Mbit. Therefore the need for broadband networks is quite 
obvious. Since the case study was performed using a 
dedicated network, in this case a SDH connection, no 

resource reservation issues had to be considered. In a 
public networking environment, however, this is a critical 
factor since the performance of the synchronous 
collaboration tools (i.e. the audio-/videoconferencing 
tools and the shared applications) is dependent on the 
available bandwidth and on transmission delays. On 
public networks security issues are important. 
Technologies such as ciphering and VPN (Virtual Private 
Network) are necessary. 

CONCLUSIONS AND FUTURE WORK 
This paper presents a case study done over a period of six 
months where two companies used distributed 
engineering tools via a broadband network. Several 
distributed tools and the usage are described. The study 
confirmed that the use of high-quality video and audio for 
teleconferencing made it easy to work together for long 
periods of time.  The users of the system consider that the 
quality of the audio in the conferencing system is much 
better than using a telephone. To avoid audio feedback it 
is desirable to use personal microphones instead of using 
conference microphones. 
The study also concludes the importance of a broadband 
network infrastructure.  
Computer tools simplified all contact and enabled 
meetings several times a week instead of one every two 
weeks. The focus of the project is better when using 
distributed engineering technologies, and the competence 
and knowledge at both places were used in a better way 
because the communication tools simplified 
communication. It was easy to schedule a new meeting in 
30 min to bring in a production specialist. 
Also, informal communication within the project was 
improved. For the consultant the project changed from an 
ordinary consulting assignment (with design goals, 
weekly progress reports and a final delivery of a design 
document) to a flexible collaboration project where there 
was true cooperation between the companies, where ideas 
was discussed on a daily basis, problems were rapidly 
solved and new directions for future work came up. The 
distributed team could work in the same way as a co-
located team. 
The system consisted of research applications and 
commercial applications; some of the function was also 
duplicated and available in several applications. Some of 
the tools were difficult to use (e. g. sketching with a 
mouse in the electronic whiteboard vs. with pen and 
paper). 
One future goal is to improve the use of all applications 
and to try to use well known metaphors or enhance 
normal tools so they can be used in a distributed settings. 
A good example is the e-beam [26] application which 
uses a normal whiteboard were all information is digitized 
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and sent to the remote user. In this case there is no need to 
learn how to use a new tool when using the whiteboard. 
The knowledge about distributed collaboration tools was 
very low in the beginning of the project. The applications 
for collaborative work are not used so much in industry 
and are not traditionally being taught at universities. So 
one important future goal is to improve tools and methods 
and also use these tools in education in the future.  

ACKNOWLEDGEMENTS 
Support for this research was provided by the Polhem 
Laboratory, Luleå University of Technology. Special 
thanks to the engineers at Conex AB and Hägglunds 
Drives AB who were involved in the project. 
The author would also like to acknowledge Mathias 
Johansson at Alkit Communications AB for implementing 
all new design ideas in the conferencing system. 

REFERENCES 
 

1 Minneman, S. L. (1991) The Social Construction of a 
Technical Reality: Empirical Studies of Group 
Engineering Design Practice, Ph.D thesis, Department 
of Mechanical Engineering, Stanford University, CA, 
USA. 

2 Maher, M. L. and Rutherford, J. H. (1997) A Model 
for Synchronous Collaborative Design Using CAD 
and Database Management, Research in Engineering 
Design, vol. 9, 1997, pp. 85-93. 

3 Wang, L., Shen, W. Xie, H., Neelamkavil, J. and 
Pardasani, A. J. (2002) Collaborative conceptual 
design – state of the art and future trends, Journal of 
Computer-Aided Design 34, pp. 981-996. 

4 Krause, F-L., Tang, T. and Ahle, U. (2002) Integrierte 
Virtuelle Produktentstehung Abschlussbericht, Carl 
Hanser Verlag, München.   

5 Peña-Mora, F., Hussein K. and Sriram, R. D. (1996) 
CAIRO: A system for facilitating communication in a 
distributed collaborative engineering environment, 
Computers in Industry, vol. 29, pp. 37-50. 

6 Jasnoch, U. and Andersson, B. (1996) Integration 
techniques for distributed visualization within a virtual 
prototyping environment, Proceedings of SPIE - The 
International Society for Optical Engineering Visual 
Data Exploration and Analysis III, San Jose, USA, pp. 
226-237. 

7 Schroeder, K. and Kress, H. (1993) Distributed 
Conferencing Tools for Product Design, Rix, J. and 
Schlechtendam, E. G. (eds.): Proceedings of the IFIP-
Workshop on Interfaces in Industrial Systems for 
Production and Engineering, Elsevier Science 
Publishers, 1993. 

 

 

8 Shiffner, N. (1998) Distributed 3D Virtual 
Environment for Collaborative Engineering, 
Proceedings of the Tenth International IFIPWG 
5.2/5.3 Conference PROLAMAT 98. 

9 Maxfield, J., Fernando, T. and Dew P. (1998) A 
Distributed Virtual Environment for Collaborative 
Engineering, Presence, vol. 7, no. 3, June 1998, pp. 
241-261. 

10 Toye, G., Cutkosky, M. R., Leifer, L. J., Tenenbaum, 
J. M. and Glicksman, J. (1993) SHARE: A 
methodology and Environment for Collaborative 
Product development, Proceedings of the IEEE 
Infrastructure for Collaborative Enterprises. 

11 Whittaker, S. (1995) Rethinking Video as a 
Technology for Interpersonal Communications: 
Theory and Design Implications. International Journal 
of Human-Computer Studies 42, no. 5, pp. 501-529. 

12 Bruce, V. (1996) The role of the face in 
communication: Implications for videophone design, 
Interacting with Computers, no. 8, pp. 166-176. 

13 Riesenfeld, R., Drake, S. and Fish, R. (1997) A case 
study in multi-disciplinary distributed collaborative 
design, Proceedings of DETC’97, DECT1997/DFM-
4352, Sacramento, CA, USA. 

14 Sclater, N., Grierson, H. Ion, W. J. and MacGregor S. 
P. (2001) Int. J. Engineering Education, v. 17 n. 2. 

15 Törlind, P., Johansson, M., Stenius, M. and Jeppsson, 
P. (1999) Collaboration Environments for Distributed 
Engineering - Development of a Prototype System, 
Proceedings of  CSCWD'99 - Computer Supported 
Cooperative Work in Design 99, September 29 - 
October 1, 1999, Compiègne, France. 

16 Törlind, P. and Larsson, A. (2002) Support for 
Informal Communication in Distributed Engineering 
Design Teams, Proc. of 2002 Int’l CIRP Design 
Seminar, Hong Kong. 

17 Blomberg, J. (1993) Ethnographic Field Methods and 
their Relation to Design, In Schuler, D., and Namioka, 
A., eds., Participatory Design: Principles and 
Practices, Lawrence Erlbaum, Hillsdale, NJ, USA, pp. 
123-154. 

18 Johanson M. (1998) Designing an Environment for 
Distributed Real-Time Collaboration, Proceedings of 
the IEEE Workshop on Networked Appliances, 
November 1998. 

19 ITU-T Recommendation T.128 - Multipoint 
Application sharing, December 1997.  

20 VNC, http://www.uk.research.att.com/vnc/, accessed 
2002-09-22.  

 



 

8  Distributed engineering via broadband - a case study 

 

21 Hagsand, O. (1996) Interactive Multi-User VEs in the 
DIVE System, IEEE Multimedia Magazine, vol. 3, no. 
1, 1996. 

22 Frécon, E. and Stenius, M. (1998) DIVE: A scaleable 
network architecture for distributed virtual 
environments, Distributed systems engineering journal 
(DSEJ), vol. 5, Special Issue on Distributed Virtual 
Environments 1998, pp. 91-100. 

23 Törlind, P. (2001) Using Distributed VR and 
Broadband Conferencing for Product Development, 
Proceedings of X. Internationales Produktion-
stechnisches Kolloquium, PTK 2001, Berlin, Germany. 

24 http://www.wacom.com  
25 Törlind, P. (2002) Distributed Engineering - Tools and 

methods for collaborative product development, 
Doctoral Thesis 2002:32, Luleå University of 
Technology, Sweden, ISSN: 1402-1544 ISRN: LTU-
DT-02/33-SE. 

26 http://www.e-beam.com  



Paper D 
 

Supporting Informal Communication in  
Distributed Engineering Design Teams 



 
 

 

 



Proceedings of 2002 Int’l CIRP Design Seminar, 16-18 May 2002 in Hong Kong 

Support for Informal Communication in Distributed Engineering Design Teams 1 

Support for Informal Communication 
in Distributed Engineering Design Teams  

P. Törlind and A. Larsson 
Division of Computer Aided Design 

Luleå University of Technology, Sweden 

 
Abstract 
Successful teamwork in geographically distributed teams is highly dependent on tools that support informal 
communication, such as opportunistic and spontaneous interaction. Such informal communication is 
responsible for much of the information flow in an organization. This paper presents how informal 
communication was supported in the Distributed Team Innovation project, a joint product development 
effort between Luleå University of Technology, Stanford University and Volvo Car Corporation. A web-
based Contact Portal was created in order to support informal communication and information sharing in a 
distributed engineering design team. The Contact Portal has been a valuable asset in the project, primarily 
because it combines several information channels; e-mail archives, awareness cameras, diaries, instant 
messaging, and SMS etcetera in one place. The Contact Portal was a natural starting point for initiating and 
maintaining contact with remote team members. The small window of opportunity made it difficult to 
continuously plan and hold formal meetings (videoconferences and telephone conferences), so the 
opportunistic interactions have been an important part of the information sharing in the project. 
 
Keywords:  Distributed engineering, Informal communication, Awareness 

 
 

1 INTRODUCTION 
Engineering design is fundamentally a socio-technical 
activity; not only because technical artefacts ultimately 
are designed for human needs and purposes, but 
primarily because design activities involve immense 
communication and interaction between individuals and 
groups in more or less complex social settings. Social 
activity can not be separated from the technical results - 
they are intertwined in the ‘…meetings that produce the 
specifications; the discussions around rough calculations 
and sketches that create understandings among the 
participants; the arguments about interpreting test results 
and prototype qualities that contribute to ‘feel’ and 
‘intuition’ about aspects of the design; and the debates 
about whether the design is ‘done’, if the specifications 
have been ‘met’, and if the result is ‘good’…’ [1]. 
Design usually proceeds by the production and use of 
formal structures, such as requirements documents, 
concept evaluation methods, and review meetings. 
These structures are by definition formal, but 
nevertheless socially constructed by creators and 
participants. However, there are also aspects of design 
that goes beyond the formality of prescribed product 
development processes. The highly informal, accidental, 
spontaneous communication that characterizes everyday 
work has an impact on design that sometimes is even 
greater than that of formal communication [2]. The ability 
to share information and resolve problems in a quick and 
unplanned way is considered a key aspect of successful 
communication within organizations [3,4,5]. 
As product development teams tend to become 
globalised, there is a growing interest in providing these 
distributed teams with a sense of proximity and 
‘togetherness’ that co-located teams are used to [6]. 
Different locations and time zones complicate 
communication and decrease the opportunities for 
informal encounters. While many systems for distributed 
collaborative work have focused on extended, formal 
meetings using videoconference technology [7], there is 
still an urgent need for technology that supports brief, 
informal, unplanned and lightweight interaction [8]. 

 
The object of the research is the Distributed Team 
Innovation (DTI) project, a joint product development 
effort between Luleå University of Technology, Stanford 
University and Volvo Car Corporation. The distributed 
design team consists of four students from the ME310 
course at Stanford and four students from the SIRIUS 
course at Luleå. The goal of the project is to design 
‘Virtual Pedals’, taking into account the fact that the need 
for mechanical connections between pedals and 
actuators has disappeared with the introduction of ‘drive-
by-wire’ technology. 
Previous research within Distributed Engineering at the 
Division of Computer Aided Design has focused on the 
synchronous collaboration with broadband 
videoconferencing and distributed Virtual Reality. [9] 
This paper aims to acknowledge the importance of 
informal communication in distributed engineering design 
collaboration. We describe the findings of the DTI project 
in relation to previous research and use this knowledge in 
the participatory design of a Contact Portal that supports 
the distributed teams in their search for common ground. 
 
2 RELATED WORK 
In order to set the stage for the research, it is important 
that we expand on the concepts of informal 
communication and awareness, their significance for 
successful group collaboration, and the numerous ways 
in which these concepts have guided the design of 
computer support for collaborative work (CSCW). 

2.1 Informal communication 
In everyday work, informal communication is 
omnipresent. It is easy to notice the spur-of-the-moment, 
unplanned interactions that occur in the midst of our daily 
work activities [3,4,5,10]. Informal communication is 
interactive in the sense that it relies on the highly 
unpredictable character of each situation. No matter how 
hard you try to stick to agendas or plans, these should 
merely be seen as resources for situated action [11], 
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since you always need to respond to the particulars of an 
event in order to ‘make things work’. 
The improvisational aspects of communication can be 
recognized in a myriad of interactions in the work 
environment. A colleague might ask you for a quick 
advice as you pour your coffee in the lunch room; you get 
an economical briefing while you wait for a printout; you 
decide a meeting time with your boss as he happens to 
walk by your door; you give your new phone number to a 
business associate as you bump into him in the hallway 
on your way to a meeting. This kind of casual, everyday 
interaction is vital to successful co-located collaboration, 
since you rapidly and continually can exchange 
information, monitor progress, and learn about what 
others are doing [10]. 
Kraut et al. [5] divided informal communication into four 
categories, based on the degree of preplanning: 
1. Scheduled: Conversations that are scheduled in 

advance by both parties. 
2. Intended: Conversations that are not planned in 

advance, but sought out by one party. 
3. Opportunistic: Conversations that are anticipated by 

one party, but occurring by chance. 
4. Spontaneous: Conversations that are unanticipated 

by either party. 
When working in a co-located organization, there are 
many possibilities for informal communication, and issues 
can be discussed and resolved spontaneously rather 
than waiting for a suitable, and scheduled, time to make 
a formal decision [12]. Also, co-located groups can 
communicate with each other more frequently and 
intermittently, which further decreases the formality of 
communication by minimizing the need for formal 
openings and closings [13]. 
Another feature of informal interactions is that they are 
brief. In a study of informal workplace communication, 
Whittaker et al. [14] found that 50% of opportunistic face-
to-face interactions lasted less than 38 seconds, and that 
they lasted only 1.89 minutes on average. The cycle of 
communication is fast; problems are dealt with as they 
come up, and information is exchanged as a natural, 
effortless and integral part of everyday work. 
Fundamentally, the iterative style of informal 
communication enables people to reach well-founded 
decisions and find common ground more rapidly than 
through conventional meeting structures. 
As industry is cutting lead times, a concurrent product 
development process is enabling companies to speed up 
time-to-market, while still increasing quality. They are 
able to reach the right decisions quickly, and more 
importantly, they are able to correct mistakes rapidly 
because of the iterative, nonsequential process that is 
similar to that of successful workplace communication. 
However, the informality of the local workplace has not 
yet made its way into the distributed workplace of global 
engineering design teams. 
The telephone is still the most commonly used tool for 
remote opportunistic interaction, much because its 
intuitiveness. However, since there is no way of knowing 
in advance if the recipient is available to accept the call, 
informal telephone communication is not as 
straightforward as face-to-face conversation. Research 
on business phone calls has shown that between 60% 
and 70% of the phone calls do not reach the intended 
recipient [4,6,14,15]. In order to make use of the powers 
of informal communication, it is critical that participants 
achieve a sense of co-presence so that they can become 
aware of one another and interact easily and effortlessly 
throughout the course of their work. [7] 

2.2 Presence and awareness 
Co-presence in the local workplace facilitates impromptu 
interactions between colleagues, and the concepts of 
presence and awareness relate to the ways in which we 
become aware of other’s whereabouts and activities as 
we walk around in the work environment, overhear 
conversations in the hallway, or glance into the room of a 
colleague [16]. Presence and awareness is experienced 
through the informal, everyday interactions between 
people that work in the same physical space – a general 
sense of who is around and what they are doing [17]. 
This understanding of other’s activities enables you to set 
the context for your own activities, goals and motivations 
[18,19]. 
A common problem with distributed teamwork is that 
team members have difficulties coordinating meetings. 
Knowing when to reach someone, an awareness of 
availability, is a crucial aspect of distributed collaboration. 
Another problem is that it is hard to know what others are 
doing in a project where the members are geographically 
separated. Extra effort is needed to keep each other 
updated and ‘on the same page’, and an awareness of 
activity, or work, must be continuously maintained. Also, 
since distributed team members often have different 
deadlines and requirements, it is very important that 
everyone has a good understanding of where in the 
project they are - awareness about process [20].  
Fundamentally, awareness of others facilitates 
communication and collaboration with others, and thus it 
is certainly a basis for engaging in social and 
collaborative activities [21].  However, achieving a sense 
of presence and awareness in distributed teams is not 
easy. Apart from the barriers of geographic distance, 
‘physical remoteness’, and different cultures, there are 
also differing travel schedules, holidays and work hours 
to think about. In addition to that, time zone differences 
make delays in communication, more or less, an inherent 
feature of global collaboration. [22] 
Informal communication in local workplace settings is 
often preceded by ‘sightings’ [4,5]; you see a colleague 
walk past your door, and you remember the budget 
proposal you wanted to discuss with him; you notice a co-
worker putting on her jacket, and you decide to take the 
opportunity to brief her about an important e-mail before 
she leaves for the day. Opportunistic communication is 
very much about finding a good time to interact, and as 
we continuously scan our environment, glance into 
other’s offices etcetera; we are able to establish these 
connections easily and rapidly. This is the essence of 
‘lightweight’ communication and it needs to be supported 
in the technology that is intended to facilitate distributed 
collaborative work. 

2.3 Enabling technology 
Traditional ‘heavyweight’ groupware with high quality 
audio and video is not ideal when it comes to enabling 
informal communication. Such systems require the user 
to start up specific software applications (which first of all 
have to be installed on the computer), and then go 
through a login procedure to connect to the remote site, 
etcetera. Hence, systems used for informal 
communication are mainly based on lightweight 
technologies, such as web cameras and instant 
messaging applications. 

Awareness  
Enabling technologies for group awareness can be based 
on iconic representation of people, digital images or live 
video. One of the benefits of using a video channel is to 
convey non-verbal cues from gestures and body 
language. 
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‘Peepholes’ [23] is a low cost community technology, 
which uses iconic presence indicators to represent the 
activities of the users. Technologies that use video can 
be based on images that are grabbed from video 
cameras [23], or on live video feeds used to create a 
shared community with members located all over the 
world. Technologies such as CRUISER [18], Montage [6] 
and Piazza [24], contains a ‘glance’ feature, which 
resembles the ways in which co-located team members 
take a quick look into an office as they walk by. Vic [25] 
and mStar/Marratech [26,27,28] are functioning as 
electronic corridors where users easily can become 
aware of each other and initiate spontaneous 
communication.  
The above projects are all proprietary software, based on 
several conferencing standards. Greenberg [29] 
proposed a lightweight solution with low-end web 
cameras with a web interface to create a similar solution. 
Another approach, WebSmile [30], tries to combine both 
high quality videoconferencing (with proprietary software) 
and a web-based interface. 
In this paper we present a web-based solution for 
informal communication, to be used as a complement to 
the high-end conferencing systems more suitable for 
formal communication.  

Instant messaging (IM)  
Instant Messaging (IM) technologies are used to notify 
users of the online presence of persons on their contact 
list. These systems enable users to, among other things; 
send instant messages, share files, and chat.  Well 
known IM technologies are ICQ [31], AOL IM (AIM) [32], 
and Yahoo! Messenger [33], which are used by millions 
of users today (ICQ currently claims to have 128 million 
users). 
‘It is interesting that a lightweight technology consisting of 
no more than typing text into a window succeeds in 
providing enough context to make a variety of social 
exchanges vivid, pleasurable, capable of conveying 
humor and emotional nuance.’ [34] 
Instant messaging encourages informal expression [34, 
35,36], since people tend to be less careful about their 
spelling and grammar, when compared to e-mail 
communication.  Normally, instant messages will not be 
printed, forwarded or cited. You are also free to 
exchange unfinished, ‘crazy’ ideas, similar to the way you 
discuss in a co–located brainstorm. IM is often used 
within a community (a small group of people that you 
know well or are planning to get to know well), so detailed 
explanations of background or formal presentations are 
unnecessary.  

Mobile solutions 
There are few true mobile solutions for global presence 
and awareness. Most of the systems support multiple 
fixed locations, and the mobile systems are mainly 
designed for local mobility, such as the Hummingbird [37] 
and the Proxy Lady [38] systems, which support 
peripheral and proximity awareness by scanning the 
surroundings (> 100 meters) for similar devices.  
The main problem with true mobility is that the 
awareness systems demand a constant network 
connection, such as GPRS or other wireless network 
solutions. Hubbub [39], a mobile instant messenger relies 
on the Ministrel modem, which is not commonly available 
in Europe.  
 
3 METHOD 
The research described above influenced the initial 
design of the DTI project site, but since the distributed 
team consisted of relatively few members, there was also 

a great opportunity to further adapt these general 
research concepts in close collaboration with the users. 
Rather than seeing users as passive sources of 
information, techniques for Participatory Design [40] have 
been used to actively involve users in the system design. 
Ethnographic techniques [41], such as observations, 
video and tape recordings, informal interviews and field 
notes have also been used to gain a better 
understanding of the work activities that the system is 
supposed to support. The qualitative approach was 
combined with quantitative data derived from system log 
files. During the course of the project, the system was 
continuously improved in an iterative design process. 
 
4 DESIGN AND IMPLEMENTATION  
The distributed team of students were mainly working 
together from the Distributed Team Room (DTR) at Luleå 
and the Loft at Stanford. These collaborative 
environments are equipped with tools suitable for 
synchronous collaboration, including a conference 
telephone, the Smile! [42] broadband videoconferencing 
system, wireless headset microphones for high quality 
audio transmission, and the eBeam [43] electronic 
whiteboard system for creative brainstorming and joint 
activities involving drawings or notes. 
Although these technologies are very valuable and useful 
for different types of synchronous collaborative tasks, 
they are far from sufficient substitutes when it comes to 
supporting the informal aspects of face-to-face 
interactions. The time/location matrix (Figure 1) often 
used in the area of CSCW does not represent the ways 
in which people collaborate in practice. In reality, people 
do not keep to one type or style of collaboration. They 
continually and effortlessly move across time, place, and 
formality. However, many technologies for collaborative 
work are developed only to fit the situations and activities 
implied by a single cell in the time/location matrix. [16] 
 

 Same time Different times 
Same 
place 

Face-to-face 
(classrooms, 

meeting rooms) 

Asynchronous 
(project scheduling, 
coordination tools) 

Different 
places 

Distributed 
synchronous 

(shared editors, 
video windows) 

Distributed 
asynchronous 

(e-mail, bulletin 
boards) 

Figure 1: Time/location matrix. 

In the context of informal communication, this calls for a 
heterogeneous approach to CSCW systems. It is 
becoming increasingly recognised that CSCW systems 
should be combinations of different systems rather than 
monolithic applications [44]. Hence, the system 
developed in the DTI project is designed in the form of a 
web-based portal, where information from several 
sources is combined and presented in one place to 
facilitate quick informal interaction between team 
members. 

4.1 Contact Portal 
A web-based Contact Portal was implemented using 
Windows2000 Server, Active Server Pages (ASP), and 
Microsoft Access. The Contact Portal combines 
information from different sources, such as: awareness 
information from web cameras at Stanford and Luleå; 
presence and location awareness from ICQ; instant 
messaging functionality from ICQ; and a Short Message 
Service (SMS) for instant messaging to mobile phones. 
The Contact Portal also has links to a shared document 
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server, a shared multimedia archive, a diary archive, a to-
do list, and related e-mail archives. 
One of the major advantages of using a web-based 
approach is that people do not have to be present in the, 
usually few, rooms that are equipped with technology for 
videoconferencing and other synchronous interactions. 
All that is needed is a web browser and a connection to 
the Internet, and there is no need to download and install 
plug-ins or other software. The system can also be used 
in heterogeneous environments with different computer 
platforms, such as Unix workstations, Windows 
computers and Personal Digital Assistants (PDA). In the 
following sections, we briefly introduce the components 
of the web-based system for informal communication. 

Awareness cameras 
With the aim to enhance the sense of working in a shared 
physical environment, continuously open video links [45] 
were integrated into the Contact Portal. Above all, it was 
important that team members could become aware of the 
activities in the two project rooms, without having to use 
specific applications for videoconferencing. By 
incorporating visual awareness information in the web 
page, the teams only needed a quick glance to know if, 
or when, it was a suitable time to initiate interaction. 
Four standard USB cameras, two at Luleå and two at 
Stanford, were used (connected to Win2000 machines) 
together with one dedicated network camera (AXIS 2100) 
[46], which unlike the USB camera includes a built-in web 
server and connects directly to a network as a 
standalone unit. Also, a VIP (Virtually-In-Person) camera 
was used to monitor activities at Stanford. 

Instant Messaging (IM) 
The web-based version of ICQ, which contains an 
awareness representation feature (a green flower icon if 
the user is online and a red icon if the user is offline), was 
implemented on the web page. For example, a person 

working in the Loft could easily see if someone from the 
Luleå team was online in the Distributed Team Room, 
and an ICQ session could be quickly initiated by clicking 
on the icon. Also, since every team member had a 
separate ICQ identity, it was easy to find out if someone 
was online from home, or from any other space 
connected to the Internet.    

Diaries 
In order to further facilitate informal information sharing 
between team members, a diary feature was 
implemented, which lets the team members write more or 
less informal notes about their activities. The idea was to 
enable members to easily share information about their 
own work activities and track the progress of other’s 
work. After a form was filled out on the web page, the 
diary entry was added to the database and automatically 
logged with a timestamp. The students could then read 
the diaries on the website whenever it suited them, and 
by reading previous entries they could easily see the how 
the project has progressed over time. Another reason for 
using these informal diaries was, as noted earlier in this 
paper, that we wanted to provide team members with a 
feature that enabled informal expression, without putting 
too much effort into spelling, grammar, or formal 
introductions [34,35,36]. Also, the user did not need to 
care about document formatting, since the diaries were 
formatted dynamically when requested from the web 
server.  

Short Message Service (SMS) 
Due to the availability and use of mobile phones in 
Sweden, such technology is becoming increasingly 
ubiquitous, meaning that it is a kind of ‘personal 
technology’ that people bring with them without 
considering it as an extra effort (compared to PDA’s and 
laptops that you usually do not take with you if you are 
going for a quick coffee break). 

 

Figure 2:  The Contact Portal with an enlargement of the awareness camera in Luleå. 
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As a complement to e-mail and IM, a Short Message 
Service (SMS) was used as a tool for meeting initiation 
and informal communication. A key reason for 
implementing the SMS feature was the immediacy of the 
message delivery. As with IM, SMS are sent without 
delay, and they also have the added benefit that people 
bring the terminal with them at all times. SMS can 
therefore be sent 24 hours a day, regardless of where the 
recipient is located. Messages can be sent without 
interrupting the recipient, and if a message arrives at an 
inconvenient time, recipients can ignore it until they are 
ready to converse. If the recipient is sleeping and has 
turned off the phone, the message will be delivered as 
soon as they wake up and turn on the phone.  
Furthermore, SMS enables users to leave stickup notes if 
synchronous communication is not possible at the 
moment, which is considered a useful feature in the 
event of a failed attempt to initiate communication [47]. 
The diary, ICQ, and SMS functions give you a possibility 
to leave a message in a way which resembles the ways 
in which you leave messages through a third person in 
face-to-face interaction [7]. Also, when people work in the 
same room, they can work asynchronously just by 
leaving things in a prominent place in a room [7,16]. 

4.2 Mobility 
The system supports multiple fixed locations (the 
students at home, in the lab or at the concept lab). 
However, since both the Luleå and the Stanford 
campuses have wireless network (IEEE 802.11b) 
infrastructures, a student could be available using a PDA 
or a laptop with a wireless connection. To achieve a true 
mobile solution, the use of SMS on the GSM mobile 
phone network was used.  
SMS services are also available via IM services such as 
ICQ, but due to the reliability of these services a 
commercial service was chosen. With this approach SMS 
could be sent to individuals or groups, and all messaged 
were also logged in an archive. 
By using the web-based approach, the same content 
could be presented in different ways depending on the 
user’s computer type and screen size. The original 
Contact Portal in Figure 2 corresponds to the Pocket PC 
version shown in Figure 3 and Figure 4. The portable 
devices used in Luleå were a laptop and a Compaq 
iPAQ, both equipped with WaveLAN.   
 

 

 
Figure 3: Pocket PC version of the Contact Portal. 

 
Figure 4: Pocket PC version of the awareness camera. 

5 RESULTS 
The collected data, qualitative as quantitative, was 
analysed in order to find out how the different 
communication channels have been used throughout the 
DTI project. Previous research created a frame of 
reference that was used when analysing the flow of 
informal communication. 

5.1 Awareness cameras 
Through participant observation and videotaping, the 
usage of the awareness cameras was studied in a 
qualitative way. The main advantage with the cameras 
was the possibility to glance into the remote project room. 
Is anyone there? Are they busy? Our findings show that 
the team members did not waste time on unnecessary 
phone calls, or instant messages, if they already were 
certain that no one was going to answer. 
Another interesting use of the awareness camera was 
when team members used them as a way to confirm that 
their remote colleagues correctly interpreted the meaning 
of their written messages and verbal utterances. 
One example is from a rather tense situation, where one 
team was not sure if the other team was dissatisfied or 
annoyed about something. The teams were 
communicating via instant messages, but they had 
difficulties ‘reading between the lines’. The team was in 
need of positive feedback on an intended joke, and they 
monitored the recipient through the awareness camera. 
When they noticed that their remote team member 
laughed at their joke, the ‘ice was broken’ and the 
following communication flowed more easily. By 
combining the written or spoken word with non-verbal 
cues from the awareness cameras, it was easier to reach 
a shared understanding without being too explicit and 
formal. 

5.2 Instant Messaging (IM) 
All instant messages were logged, and categorized into 
five different types; project work, awareness, media 
switching and parallel conversation, meeting 
coordination, and other unspecified messages. The 
majority of the messaging sessions started with a 
negotiation of availability (e.g. ‘Are you free now?’) so 
those messages were incorporated into the awareness 
category. 
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The normal use for IM is to use an account per person, 
but in this project group identification was used because 
the students always worked on the same computers (e.g. 
‘Luleå–desktop’ and ‘Luleå–laptop’) in their respective 
project room. However, they used individual accounts 
when they where using the system from home. The 
messages to and from one account were logged. From 
October 2001, to March 2002, 1129 instant messages (in 
161 sessions) were sent to or from the Luleå-desktop 
account. 

Instant Messages - Luleå-desktop
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Figure 5: Total number of IM sent and received on one 

account (the desktop computer in the Luleå team room). 

One notable moment is the use of IM between December 
5th and December 6th when 130 messages were 
exchanged. This was due to an important deadline where 
a lot of coordination needed to be done before the 
presentation. In this case, several communication 
channels were used in parallel, since a telephone 
conference or videoconference only could support one 
conversation at a time. Due to time constraints, team 
members needed to discuss multiple issues at the same 
time. Thus, side conversations between remote team 
members had to be done via some other media.  
Between mid December and end of January very few 
messages were sent due to holidays and the Luleå 
team’s visit to Stanford in January.  
The IM was categorized and grouped into five different 
types of messages:  
1. Project work, 53%. 
2. Awareness (casual conversation and negotiation of 

availability), 20%. 
3. Media switching and parallel conversation in another 

media (e.g. videoconferencing and IM), 16%. 
4. Meeting coordination, 9%. 
5. Other unspecified communication (system 

messages, etc), 2%. 

Project work 
More than half of the instant messages concerned 
communication directly related to the joint project. This 
involves asking quick questions, giving short clarifications 
of previous work, and briefing other team members about 
recent project achievements. As in the example below, 
messages were kept short, without background 
information or formal introductions because all users 
already were aware of the context.  

From: Penn to Luleå-desktop   
Time: 2002-02-21 09:05 CET 
Message: We've got 4-6 prototypes that we're 
building quickly and testing tomorrow, then we're 
putting them on a matrix. 
--- 

From: Luleå-desktop to Penn      
Time: 2002-02-21 09:05 CET 
Message: it's the same here hopefully we will be 
able to start building it today 

Awareness 
One fifth of the instant messages were used for 
maintaining awareness and a ‘sense of connection’ with 
remote team members. These messages often contained 
a greeting, or some other informal invitation to talk. 
Conversations were often initiated by such messages, 
but the recipient could easily decline with a quick 
comment, or by not replying at all. Such response was 
not considered impolite, but it was assumed that the 
recipient was busy or in other ways unavailable. 

From: DTI to Penn 
Time: 2002-02-28 18:46 CET (9:46 PST) 
Message: HI Penn how are you. Do you have time 
for a little chat before the chocolate drink for 
breakfast. 

Media switching and parallel conversation 

16% of the instant messages were used to handle the 
issues involved with setting up technologies for formal 
meetings. Instead of ‘connecting’ directly with the remote 
site through videoconference or a telephone conference, 
it was common to initiate conversation with instant 
messages, and then switch to another media type as 
soon as the formal meeting was about to start. The 
instantaneity of the messages provided an easy way to 
troubleshoot the ‘formal’ conferencing technologies, if 
these did not work as expected. As noted earlier, instant 
messages were also used in combination with 
conferencing technologies, which enabled team 
members to have parallel discussions going at the same 
time. 

Luleå: is it the same phone number we called you 
at the last time? 
Stanford: yes 
Luleå: allright, we’ll call in a couple of minutes 
Stanford: OK, everyone is ready here at 
Stanford… 

Meeting coordination 
9% of the total amount of instant messages was used to 
coordinate or reschedule meetings. In the following 
example, a Stanford student was at home and noticed 
that someone was active on the Luleå computer. Since 
all team members could use the Contact Portal from 
home, they often confirmed meetings before going to the 
project room. For example, if one member is going to be 
10 minutes late, the awareness of this delay provides the 
possibility to reschedule the meeting on very short notice. 

From: Jonathan (from home) to Luleå-desktop 
Time: 2002-02-21 22:33 CET  
Message: …i'm heading over to the loft in 20 
minutes.  If anyone else is around, we'll give you a 
ring. 
--- 
From: Luleå-desktop to Jonathan 
Time: 2001-11-27 22:34 CET 
Message: …we were actually leaving now but if 
we can talk in 20 min, we can wait. 

5.3 Diaries 
When reading the IM log files, it can be very hard to 
follow a discussion, because the instant messages are 
loosely coupled, fragmented pieces of information that 
needs to be interpreted with knowledge of the situation in 
which they occurred. Therefore, instant messages are 
not suitable for information that may be of importance 
later on in the project, or information that must be 
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understood by all team members. ‘Why did we make that 
decision?’ ‘Who did he call to get that information?’ 
However, since formal documentation is cumbersome to 
produce and maintain, the web-based diaries provided 
an easy way to produce records of informal information.  

Written by: Holger  
Time: 2001-11-26 23:51:04 CET 
Message: Today we bought a force feedback 
wheel and borrowed a webcam for our critical 
function prototype. After a couple of hours with 
some measuring and connecting problems we 
could run Monster Truck Madness with a power 
supply  as brake and throttle pedal. Next step is to 
control it with Lab-View. 

5.4 Short Message Service (SMS) 
SMS can be seen as a mobile instant messaging 
technology, and it was primarily used for communication 
when team members could not become aware of each 
other through the use of the Contact Portal (awareness 
cameras, ICQ). By sending an SMS to all members in the 
group, you are sure that all members get notified 
immediately. The messages were grouped into three 
main categories: stickup notes, meeting coordination, 
and immediate contact initiation. 

Stickup notes 
This was a way of making sure that every team member 
pays attention to an important, but not urgent, issue. It 
was considered less cumbersome than calling each 
member. 

From: Mats 
Time: 2002-03-07 11:12:35 CET 
Subject: Picture 
Message: Hi! Have you seen any picture from 
Stanford of their concept? It's Thursday now. I 
haven't received any e-mail. 

Meeting coordination  
Since e-mail and instant messaging require access to a 
computer, it is not certain that all team members are 
online and check their e-mail/ICQ on nights and 
weekends. Therefore, SMS was used to coordinate 
meetings during ‘offline’ times. 

From: Marre  
Time: 2002-03-06 00:20:07 CET 
Subject: Meeting tomorrow  
Message: Hey guys! We'll have a short meeting 
tomorrow at 10:00. Holger: we know you have a 
lab, but it would be great if you could come for a 
while. 

Immediate contact initiation 
In very urgent situations, or when all other 
communication channels had failed, SMS enabled team 
members to initiate immediate contact. 

From: Jon  
Time: 2001-12-06 12:06:00 PST 
Subject: Video  
Message: Hey guys, where's the video?  I just 
tried calling you. Scott and me are going to lunch in 
5 min, so please send it. 

5.5 Window of opportunity 
One of the major problems in the DTI project was the 
nine-hour time difference between Stanford and Luleå. 
The ‘window of opportunity’ was very small and made 
informal communication difficult. In an ordinary workday 
(08-18), the window of opportunity is only one hour 
(Figure 6). 
 

 
Figure 6: Window of opportunity based on work from 6-24 

(normal work hours 8-18). 

In order to make synchronous collaboration possible, the 
work hours were often extended so that team members 
more easily could find opportunities for interaction. 
However, since it was impossible to extend work hours 
every day, global communication was highly dependent 
on the ability to make use of the ‘windows of opportunity’ 
that came up on short notice. Therefore, instant 
messages and SMS were often used to check the 
availability of the ‘late night team’. 

From: Luleå-desktop to Jonathan (at home)  
Time: 2001-12-06 10:47 CET (01.47 PST) 
Message: call us through NetMeeting  
--- 
From: Jonathan to Luleå-desktop   
Time: 2001-12-06 10:47 CET (01.47 PST) 
Message: no, i'm going to be, and my girlfriends 
already asleep so that would wake her. i am just 
finishing up a long email to you all. just read that 
and we'll talk tomorrow. 

 
6 DISCUSSION 
The findings in this project highlight the importance of 
informal communication in the creation of shared 
understanding in distributed collaborative engineering 
design. Although the possibilities of videoconferencing 
and similar technologies must not be underestimated, it 
is also very important to be aware of and acknowledge 
the subtle, opportunistic interactions that lay the 
foundation for successful collaboration. 
There is no doubt that a lot of research should be 
performed in order to improve the possibilities for 
scheduled, formal meetings, but the key to success might 
very well be the ability to adequately support the 
communication that happens in between these meetings. 
Throughout the project, team members have shown that 
continuous contact and communication is more important 
than the structure of such communication. Spoken 
language and written language have different form and 
function, and it is interesting to notice that the informal 
communication of the DTI project has so much in 
common with the informal interactions that are 
characteristic of the local workplace.    
Awareness cameras can be used to provide non-verbal 
cues to written language, and the risk of 
misunderstandings decrease since words can be 
combined with visual expressions of emotion. Also, 
instant messaging technologies provide possibilities for 
parallel communication that earlier was possible only in 
local teams. Most importantly, the technologies and 
approaches described above are well fitted when the 
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goal is to communicate across distance, time and 
formality. The combination of technologies allows 
distributed team members to become aware of 
opportunities for collaboration, and to initiate and 
maintain communication in a quick and easy way, using 
lightweight technology. 
 
7 CONCLUSION AND FUTURE WORK 
A web-based Contact Portal was created in order to 
support informal communication and information sharing 
in a distributed engineering design team. The Contact 
Portal has been a valuable asset in the project, primarily 
because it combines several information channels; e-mail 
archives, awareness cameras, diaries, instant 
messaging, and SMS etcetera in one place. 
When observing the system in use, we found that the 
Contact Portal was a natural starting point for initiating 
and maintaining contact with remote team members. The 
small window of opportunity made it difficult to 
continuously plan and hold formal meetings (video and 
telephone conferences), so the opportunistic interactions 
have been an important part of the information sharing in 
the project. The web cameras provided an awareness of 
other team members’ presence, and also gave visual 
augmentation to written communication. Instant 
messaging was widely used for opportunistic and 
spontaneous interaction, but also for meeting 
coordination and media switching. In urgent matters of 
intended communication, or when all team members 
must be notified at once, SMS was preferred. Diaries 
where used as an easy way to create and store records 
of informal information that might be of use in the future. 
Future work includes improved support for mobile 
opportunistic interaction, using technologies that allow 
you to be online all the time, such as GPRS (General 
Packet Radio Services). Another area of interest is 
mobile videoconferencing, using the scalable version of 
Smile! in combination with the Contact Portal on a PDA. 
Due to the high network requirements for mobile 
conferencing, a wireless broadband solution such as 
Telia Homerun [48] or UMTS (third generation mobile 
communications systems) [49] must be used. 
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Abstract  
Engineering design is fundamentally social, requiring a lot of interaction and communication 
between the people involved. Additionally, good design often relies upon the ability of a 
cross-functional team to create a shared understanding of the task, the process and the 
respective roles of its members. The negotiation and bargaining for common ground are 
essential in the design process. It is important to provide tools and methods so that also 
geographically distributed design teams are given the opportunity to engage in such social 
interactions. This paper presents a study of interpersonal communication within the 
Distributed Team Innovation (DTI) framework; a joint product design project between Luleå 
University of Technology and Stanford University that investigates the future of collaborative 
product development. The common object of work is to design “Virtual Pedals” for Volvo 
Car Corporation. 
 
In the study, we noticed that one-on-one conversations, held in parallel to a main discussion, 
were common in co-located teamwork and that they are a natural part of creative teamwork. 
These conversations were mainly used to clarify things and to discuss vague ideas or personal 
disagreements. Additionally, they were often used instead of, or as a precursor to, bringing up 
a topic with the whole group.  
 
In distributed meetings side conversations were discouraged and current systems for 
distributed collaboration could not provide sufficient support for these subtle interactions. 
This has important implications for supporting and improving the performance of global 
teams, and it suggests that the one-to-many channel of today's video conferencing technology 
is severely limiting. 
 
Keywords:  Side conversation, interpersonal communication, distributed collaborative design. 

Introduction 
Engineering design is not a purely technical activity; it is also a highly social process. 
Technical artefacts are ultimately designed for human needs and purposes, and the design 
activities involve intense communication and interaction between individuals and groups in 
complex social settings. Social activity can not be separated from technical results - they are 
intertwined in the “…meetings that produce the specifications; the discussions around rough 
calculations and sketches that create understandings among the participants; the arguments 
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about interpreting test results and prototype qualities that contribute to ‘feel’ and ‘intuition’ 
about aspects of the design; and the debates about whether the design is ‘done’, if the 
specifications have been ‘met’, and if the result is ‘good’…” (Minneman 1991: 63). 
 
Interpersonal communication is the basis for innovation, since these interactions provide for 
the creation of shared understanding – the starting point from which initial concepts can be 
further developed into well-designed artefacts. In face-to-face settings, interpersonal 
communication is a truly interactive process of making sense of each other and the world – a 
moment-to-moment search for common ground that has been hard to replicate in 
geographically distributed settings. However, in the light of increasing globalization, it is of 
great importance to be able to support geographically distributed teams by giving them the 
opportunity to uncover and utilize the collective knowledge, creativity and meaning that 
spring from the multifaceted, situated and social interactions that are characteristic of 
successful design. 
 
In order to make suggestions about the design of computer support for collaborative 
engineering work, it is critical to first examine the social and interactional dimensions of work. 
The understanding derived from observations of engineering work practice can then be used 
to inform the design of appropriate technology. 
 
The object of our research is a joint product development effort between Luleå University of 
Technology, Stanford University and Volvo Car Corporation. The distributed design team 
consists of four students from the ME310 course at Stanford and four students from the 
SIRIUS course at Luleå. The goal of the project is to design “Virtual Pedals”, taking into 
account the fact that the need for mechanical connections between pedals and actuators has 
disappeared with the introduction of “drive-by-wire” technology. 
 
Our study of co-located and distributed teamwork in this project showed that the design team 
lost a powerful aspect of co-located teamwork when moving into distributed collaboration. 
The more or less chaotic, but still effortless, ways in which they interacted locally were 
almost invisible in the distributed setting. The sense-making process, the collective search for 
shared understanding, and the subtle interactions that characterized their co-located efforts 
were in many regards reduced into a formal, rigid process where team members stopped 
“thinking together” and instead started “explaining to each other”. This paper aims to 
highlight the occurrence and importance of embedded one-on-one conversations in the 
context of one-to-many settings, and the implications this has for supporting and improving 
the performance of global teams. 

The social dimension of teamwork 

Informal communication 
In everyday work, informal communication surrounds us in the shape of unplanned, spur-of-
the-moment interactions (Root 1998; Fish, Kraut, Root and Rice 1992; Kraut, Fish, Root and 
Chalfonte 1993; Kraut, Egido and Galegher 1990). Informal communication is interactive in 
the sense that it depends on the highly unpredictable character of each situation. Agendas or 
plans are only to be seen as resources for situated action (Suchman 1987), since we always 
need to respond to the particulars of an event in order to “make things work”. The 
improvisational aspects of communication are easily recognized as natural parts of the 
everyday work environment. A colleague might ask for your opinion on a design change as 
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you read the newspaper in the lunch room; you get an economical briefing while you wait for 
a printout; you decide a meeting time with your boss as he happens to walk by your door; you 
give your new phone number to a business associate as you bump into him in the hallway on 
your way to a meeting. This kind of casual, everyday interaction is vital to successful co-
located collaboration, since you rapidly and continually can seize opportunities to exchange 
information, monitor progress, and learn about what others are doing (Kraut et al. 1990).  

Socially natural groupware 
Informal communication, as most social interaction, is ”unremarkable” by nature. We adapt to 
situations as we face them, and we do not become overly amazed or confused by the many 
different situations we end up in. In face-to-face settings we are very sensitive to the actions 
and interactions of others, and if anything, it is remarkable how radically things change when 
we move from the ordinary world into the digital world. Much of our knowledge about people, 
our sensitivity to their interactions, our ability to improvise in changing situations, is 
neglected. In the world of computer systems, we are “socially blind”. (Erickson and Kellogg 
2000) 
 
Undoubtedly, technology is functional in the sense that we have access to text chat, digital 
voice and video, and shared applications when working in geographically distributed settings. 
However, in use these systems are far from natural tools that efficiently and smoothly 
facilitate our work. In this respect, groupware is not “socially natural”. (Greenberg and 
Gutwin 1998) It seems that many of the difficulties with today’s technology have more to do 
with the assumptions that inform system design, than the current limitations of technology. 
(Heath, Luff and Sellen 1995). A static and inflexible conception of collaborative activity has 
prevented the evolution of useful environments where people can work and socialize with 
each other in a socially natural way. (Heath et al. 1995) 

Method 
The research upon which we base this paper was carried out during six months of the seven-
month DTI project. Our initial aim was to provide the distributed team with supporting 
technology that would enable team members to interact and communicate using different 
modalities. It is important to note that team members were not “forced” to use a particular 
technology for a particular purpose. Rather, we wanted to provide them with several 
alternatives, so that they themselves could choose the tools that they found suitable in every 
situation. Thus, the goal was to study communication as it was played out in a real-world 
product development activity. Drawing from the concept of ethnomethodology (Dourish and 
Button 1998), we felt it important to try to understand things in the context in which they 
occur, without making assumptions about what modes of communication could be useful for 
successful collaboration. The study was performed using ethnographic methods such as 
observations, field notes and videotaping. (Blomberg, Giacomi, Mosher and Swenton-Wall 
1993) Apart from our intentions to strive for an “inside perspective”, ethnographic methods 
were also suitable since the structure of groups and communication is continually changing. 
As Gale (1990) points out, “the effects of technology on a group may take weeks, months, or 
even years before becoming apparent. These sorts of effects cannot be fully explored in a one 
hour experiment”. 
 
Several modes of communication were observed during the study, such as co-located 
teamwork, telephone conferences, and videoconferences of different quality. Observations of 
co-located teamwork were carried out during a total of three weeks, while the Stanford team 
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and the Luleå team were meeting face-to-face (two weeks at Stanford and one week in Luleå). 
Both synchronous and asynchronous distributed collaboration was observed continually 
throughout the study, even though this paper is focused on side conversations occurring in 
synchronous collaboration. 
 
It is worth mentioning that the distributed team, during the course of our study, got the 
opportunity to meet using SMILE! (Johanson 2002), a high-quality videoconferencing system. 
Equipped with wireless microphones, team members were free to walk around in their team 
rooms while still communicating with very high audio and video quality. These meetings 
were mostly very informal, and local side conversations were accepted to a greater extent, 
compared to other videoconferences and telephone conferences. However, despite the high-
quality communication channel that the videoconferencing system provided; there are still 
issues that remain to be solved. 

Embedded one-on-one conversations: a hidden potential 
for distributed design teams? 
As noted above, we had the possibility to observe the design team in many different types of 
synchronous collaboration. The goal is not to make an extensive comparison between these 
different modes of communication, but rather to share our understanding of the role of side 
conversations in co-located design, and to emphasize that the potential of such conversations 
remains unutilized when moving into distributed collaboration. 

Parallel conversation 
The first example of embedded one-on-one conversations in the context of a group discussion 
concerns the way in which team members in a co-located, face-to-face setting are able to 
attend to a main discussion, while occasionally entering into parallel, more or less private 
conversations with a fellow team member. In the fieldnote excerpt below, the Luleå team and 
the Stanford team are having a face-to-face discussion about virtual pedal concepts during the 
Luleå team’s visit to Stanford. 
 

 
Figure 1: Parallel conversation in a face-to-face setting. 

 
Fieldnote excerpt #1 – Parallel conversation in a face-to-face setting: 
…MB (Luleå) is describing a pedal concept. He gestures to emphasize his point, but JW 
(Stanford) uses the video game pedals on the table to clarify that he has understood MB 
correctly. SS (Stanford) and BC (Stanford) join in on the conversation and ask MB questions 
about his concept idea. MP (Luleå) seems eager to speak on the subject and requests the 
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word by standing up, raising his arm and snapping his fingers. He gets the word explicitly 
from JP (Stanford), and goes over to the notice board to elaborate. However, MB and JW 
continue their conversation even though MP is now officially “in charge” of the main 
discussion. The other members pay attention to MP’s discussion … As soon as MB and JW 
are ready with their side conversation they return to the main discussion... 
 
This example points to an aspect of communication that is natural in co-located settings. 
During the course of our study, we observed that team members devote most of their attention 
to the main discussion, but that they also engage in occasional parallel conversations when 
they feel the need to discuss a matter with someone without interfering explicitly with the 
main discussion. In this situation, MB was actually hosting the main discussion from the 
beginning. However, as MP took over the initiative, MB and JW continued to have a 
conversation in parallel with the main discussion for several minutes.  
 
Although such extended parallel conversations often can be considered impolite and 
disturbing, that was not a problem in the co-located discussions of this project. On the 
contrary, parallel conversations of this type were sometimes transformed into a main 
discussion. The other team members overheard parts of the parallel conversations and found 
opportunities to take an active part in the discussion, thus gradually bringing it to a main 
discussion. Few parallel conversations did actually interfere with the agenda; rather they 
added a creative dimension to the inherent formality of the agenda. Undoubtedly, there are 
suitable and less suitable times for such parallel conversations, but in the face-to-face sessions 
that we have observed, team members have had no difficulties making smooth and non-
disturbing transitions between a main discussion and parallel conversations. 
 
When working together in a distributed setting, parallel conversations were not as naturally 
intertwined in the discussions. In telephone conferences, they were very disturbing and team 
members refrained from having side conversations since they almost always introduced a 
visible ”breakdown” in the communication. Even in high-quality videoconferencing, side 
conversations were sometimes problematic, as exemplified in the fieldnote excerpt below 
where attempts to have local side conversations at the Stanford site were considered 
disruptive.  
 

 
Figure 2: Parallel conversation in a distributed setting. 

 
Fieldnote excerpt #2 – Parallel conversation in a distributed setting: 
…JW (Stanford) is talking to NG, MP and MB (Luleå) over the videoconference. TP, JP, and 
SS (Stanford) start having a local side conversation. JW is disturbed by continues to talk for a 
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while, before he decides to wait for TP, JP, SS to join the discussion. ”OK, I got to wait for 
these guys…” … BC (Stanford) leaves her chair and starts a local side conversation at 
Stanford. JW is disturbed and decides to wait for the others to finish. ”Hold on one second…” 
… “I’m sorry, we’re not trying to have separate conversations here…”Why don’t we all just 
focus on having one conversation here, OK?”… 
 
The observations briefly described above point out that although current communication 
technologies provide improved possibilities for global collaboration, the nature of teamwork 
shifts with the introduction of such technologies. Change is not always bad, but in the light of 
creative teamwork, extra formality and rigidity should not be introduced without special 
consideration. 
 
Instant feedback 
In addition to extended parallel conversations in face-to-face settings, we have also observed 
brief side conversations that are even less intrusive, and which also seem to serve a valuable 
purpose in design collaboration by enabling instant feedback. Among other things, these brief 
interactions provide a channel for instant feedback and they thereby promote a quick and 
iterative process for negotiation of shared understanding. A brief side conversation can be all 
that is needed to make sure that shared understanding has been reached, as exemplified in the 
fieldnote excerpt below. 
 

 
Figure 3: Instant feedback in a face-to-face setting. 

 
Fieldnote excerpt #3 – Instant feedback in a face-to-face setting: 
…JP and JL are talking about JL:s concept. MP and NG join the discussion. They take quick 
turns when talking. MB is working separately, putting up another concept sketch on the wall. 
MP elaborates on another concept together with JP. On her way back to her seat, JL is 
having a very brief side conversation with MB. They clarify that they agree on the 
understanding of the concept … 
    
In this situation, there was a rather obvious informality about the collaboration. Basically, it 
was a very open discussion about the different concepts that team members come up with. 
The turn-taking flowed very smoothly, and in contrast to the parallel conversation in fieldnote 
excerpt #1, there was no one “in charge” of the discussion. The communication was very 
subtle and nuanced, in the sense that the situation lacked in formality. In a way, it was a 
chaotic conversation, with team members talking more or less at the same time, in an 
unplanned, spur-of-the-moment style. If something was unclear or confusing, it was possible 
to get instant feedback without waiting for “your turn”. It is an example of an iterative mode 
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of communication, which enables team members to find common ground through a rapid 
exchange of perspectives, thoughts, and ideas. Also, such brief conversations let team 
members discuss vague or crazy ideas that they might not want to discuss with the whole 
group before consulting a colleague first. 
 
Another type of instant feedback conversation was based on the fact that the Swedish team 
members were not as fluent in the English language as their American colleagues. This often 
resulted in brief conversations between two of the Swedish members, trying to make sense of 
a particular detail of the discussion. “What did he mean by that?” “What is the meaning of 
that word?” Such brief interactions were undoubtedly crucial for a common understanding.  
 
In our study, this type of instant feedback has been almost non-existent in the distributed 
settings. Informal, brief conversations and quick-fire responses were replaced by rather 
formal and extensive turns of speech where team members ask each other questions, and 
mostly receive elaborate answers. Distributed collaboration was characterized by team 
members “explaining to each other”, but in a global, cross-cultural product development 
project, the real creative power might very well lie in the ability of distributed design teams to 
“think together”. 

Discussion 
On a general note, the addition of video in distributed collaboration has provided visual cues 
that help us make valid interpretations of each other’s actions in distributed settings. For 
example, the visual channel has proven to be useful for interpreting the meaning of pauses in 
conversation, something that often must be explained in audio-only conversations. (Isaacs and 
Tang 1994) The visual monitoring of remote activities makes it easier to make sense of not 
only speech, but also of body language and facial expressions. It has been suggested that 
remote collaborators are likely to have fewer misunderstandings and more effective 
interactions if they have the ability to communicate richer information more easily. (Isaacs 
and Tang 1994) 
 
However, even today’s advanced videoconferencing systems have not yet been able to 
recreate the “information richness” that we are used to in face-to-face interactions. (Hollan 
and Stornetta 1992) The physical closeness of people at the same videoconference site tend to 
make them more aware of their physical neighbours than of their video neighbours, and it is 
common to address people in the same physical room rather than people at the remote site. 
(Mantei, Baecker, Sellen, Buxton, Milligan and Wellman 1991) Among other things, this 
means that current possibilities to engage in private conversations within a public discussion 
is reserved for people in the same physical location. 
 
It has been observed that such private conversations are difficult in videoconferencing, much 
because people cannot address particular participants and because everyone uses the same 
audio channel. (Isaacs and Tang 1994) In face-to-face interactions it is possible to “open” a 
second audio channel, and the visual cues enable the other participants to understand who is 
participating in which conversation when. (Isaacs and Tang 1994) In videoconferencing, 
private conversations are often discouraged, but if they do occur, the other participants tend to 
wait for the conversation to become more general. (Ruhleder and Jordan 2001) In contrast, 
Isaacs’ observations of a face-to-face meeting with five persons highlighted that the 
conversation occasionally broke into two parallel conversations and then seamlessly 
transitioned back to a single conversation. (Isaacs and Tang 1994). 
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Parallel communication can promote broader input and reduce the risk of few people 
dominating a meeting (Nunamaker, Dennis, Valacich, Vogel and George 1991), but even in 
face-to-face settings, side conversations can be seen as disruptive. Even if participants step 
outside the meeting room, everyone knows who is involved and may even be able to make 
sense of what they are talking about. (Ruhleder and Jordan 2001) In face-to-face meetings, 
side conversations, note passing, and body language is visible to other participants, and 
although they are generally discouraged, they may also be integral, very important parts of the 
overall event. (Ruhleder and Jordan 2001) 
 
Our findings have shown that we need to be careful to dismiss side conversations as 
disruptive elements only. We imply that side conversations are of great importance for the 
creative stage in product development. Parallel conversations were very common in creative 
sessions, such as a brainstorm, but were less common in administrative meetings, such as a 
budget discussion. Maybe the potential of side conversations in distributed collaboration has 
been lost because the majority of such meetings are characterized by formality and rigidity? 
 
Side conversations are vital in creating a common understanding between team members, and 
they enable a “chaotic”, but efficient, way of working on several ideas at the same time 
without forcing all team members to work on the same task. Also, these side conversations 
provide opportunities to explore vague ideas and alternative paths in a quick, informal and 
iterative way. 
 
A fundamental aspect that must not be forgotten when it comes to distributed collaboration is 
that the different types of side conversations must be supported in a way that enables cross-
site interaction. Even though high-quality videoconferencing makes local side conversations 
visible and understandable, it is almost impossible to have such side conversations with a 
remote team member. Hence, it is also difficult to fully utilize the creative power of a global, 
culturally diverse, design team.  
 
In a co-located brainstorm people are "thinking together" by using fragments of other’s ideas, 
gestures and drawings to create new ideas. This way of working is difficult to achieve in a 
distributed setting, due to the fact that many of the subtle informal communication channels 
are lost, and because much of the time is concentrated on making rather formal explanations 
to each other. When comparing co-located and distributed teamwork activities, it was evident 
that issues that were considered trivial in a face-to-face setting could turn out to be a major 
challenge in a distributed setting. For example, one of the team members pointed out the 
striking fact that they had “spent two and a half hours in a videoconference, trying to explain 
to the other team what they had agreed on locally in about five minutes before the meeting 
started”.  
  
Shared understanding can sometimes be hard to achieve, since it relies on many different 
elements of human communication. Fundamentally, our findings suggest that the ability to 
engage in cross-site side conversations could add an extra dimension to distributed 
collaboration. 

Conclusion and Future Work 
By studying a design team working together over a period of six months, we had the 
possibility to see how team members communicated in both co-located and distributed 
settings, and especially how the tools they used for distributed collaboration influenced their 
teamwork. 
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In the study, we noticed that one-on-one conversations, held in parallel to a main discussion, 
were common in co-located teamwork and that they served as a natural part of creative 
teamwork. These side conversations were usually “private” conversations between two 
members, in the context of a larger meeting, and they were often used to clarify things and to 
discuss vague ideas or personal disagreements. In addition they were used instead of, or as a 
precursor to, bringing up a topic with the whole group, and seem to be very useful to promote 
shared understanding without having to interfere explicitly with the main discussion.  
 
Future work includes an effort to bring the findings of this paper into the design of 
appropriate technology, which can better support cross-site side conversations. A starting 
point could be to introduce instant messaging functionality and parallel audio channels as a 
complement to the visual channel. 
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ABSTRACT 
The trend in computer and network architecture is 
towards smaller and lighter devices that are more or 
less constantly connected to the Internet through 
wireless network access technologies. For computer 
supported cooperative work this offers increased 
opportunities for distributed collaborative teamwork by 
enabling mobile users to participate in synchronous 
and asynchronous information exchange processes. In 
this paper we investigate the emerging technologies for 
wireless network access and mobile computing, how 
mobility support can be built into the software tools 
used today for distributed collaborative teamwork, and 
the benefits it gives users. The main focus is on 
synchronous, real-time communication tools like 
multimodal teleconferencing, and the perspective is 
both technical and methodological. Until now text has 
been a valuable medium for mobile collaboration and 
our key finding is that user mobility support for video 
can substantially enhance the possibilities for informal, 
spontaneous communication between team members.  
Furthermore, we argue that mobility support for the 
applications in question is more appropriately 
implemented at the application level rather than at the 
network level.  

Keywords 
Mobility, distributed collaboration, CSCW 

INTRODUCTION 
Distributed collaborative teamwork, empowered by 
state of the art information and communication 
technology (ICT), promises more efficient work 
processes, reduced travelling needs, and increased 
opportunities for personal interactions in many 
different fields of work. Specifically, collaborative 
work between geographically distributed teams of 
engineers and designers has the potential of cutting 
lead times in product and production development, 
thereby reducing the cost and increasing the quality of 
the final product.  
Engineering design is fundamentally social, requiring a 
lot of interaction and communication between those 
involved [1]. Additionally, good design often relies 
upon the ability of a cross-functional team to create a 
shared understanding of the task, the process, and the 
respective roles of its members. Different locations and 
time zones complicate communication. Traditionally, 
in distributed collaborative teamwork, team members 
are often unaware of remote team members, have 

difficulties in locating people that are out of office, and 
have problems coordinating activities and initiating 
interpersonal communication. It is important to provide 
tools and methods so that geographically distributed 
design teams are also given the opportunity to engage 
in such social interactions that co-located teams are 
used to [2]. One important aspect is that people are 
mobile and do much of the design work away from 
their office. Belloti and Bly [3] respond that systems 
for collaborative work should be designed to support 
mobile collaborators.  
In the distributed product development project 
Distributed Team Innovation (DTI) [4], a joint product 
development effort between Luleå University of 
Technology, Sweden, Stanford University, California, 
and Volvo Car Corporation, eight students from Luleå 
University of Technology and Stanford University 
were studied during a period of nine months while 
working together as a distributed design team. The goal 
of the project was to design ‘virtual pedals’, taking into 
account that the need for mechanical connections 
between pedals and actuators has disappeared with the 
introduction of ‘drive-by-wire’ technology in the 
automotive industry. The students used high quality 
videoconferencing and shared whiteboards for 
meetings and document servers, instant messaging, and 
e-mail for asynchronous communication.  
In the DTI project a web-based collaboration tool 
called Contact Portal was developed in order to 
support informal communication and information 
sharing in distributed engineering design teams. The 
Contact Portal has been a valuable asset in the project, 
primarily because it combines several information 
channels; awareness cameras, instant messaging, SMS, 
and asynchronous tools such as diaries, e-mail archives 
and document servers in one place. The system 
supports multiple fixed locations (the students at home, 
in the lab, or at the concept lab). However, since both 
the Luleå and Stanford campuses have wireless 
network (IEEE 802.11b) infrastructures, a student 
could be available using a PDA or a laptop with a 
wireless connection. So that the users of the system 
were truly ubiquitously reachable, the Short Message 
Service (SMS) of the GSM mobile telephony network 
was used.  
Findings from the DTI project revealed the need for 
sophisticated software tools to improve the possibilities 
for scheduled, formal meetings. However, the key to 



2  Mobility support for distributed collaborative teamwork  

success might very well be the ability to adequately 
support the communication that happens in between 
these meetings.  
In this paper we use the findings from the DTI project 
to create a framework for mobility support for 
distributed collaborative teamwork. We explore the 
different types of devices and software tools, for 
mobile, distributed collaborative work and the 
information exchange processes they support. 
Furthermore, we describe the design and 
implementation of a system that integrates many 
different video communication tools into a 
comprehensive framework for distributed mobile 
collaboration, targeted at engineering and design 
teamwork. 

BACKGROUND AND MOTIVATION 
Informal communication is critical to a modern 
knowledge intensive organisation. These interactions 
are not pre-planned with a set agenda or fixed location 
[5], but instead occur spontaneously and almost 
everywhere. Everyday work is filled with these highly 
informal, accidental, and spontaneous communication 
sessions that have an impact on work processes and 
task outcomes that is sometimes even greater than that 
of formal communication [6].  
There are many possibilities for informal 
communication when working in a co-located 
organization, where issues can be discussed and 
resolved spontaneously rather than waiting for a 
suitable, and scheduled, time to make a formal decision 
[7]. Hence, these spontaneous interactions facilitate the 
frequent exchange of useful information. An awareness 
of ongoing activity creates a shared knowledge and 
understanding of each other’s activities, enabling you 
to set the context for your own activities, goals, and 
motivations [8,9]. Informal communication between 
remote team members can be supported via tools for 
lightweight interaction [10] such as phones, e-mail, 
instant messaging (IM), shared workspaces, and 
awareness technologies. 
Many awareness technologies use an iconic 
representation of the availability of people such as 
Babble [11], ICQ, and AOL. Other awareness tools are 
based on digital images, or live video [2, 12,13], but 
these are mainly designed for desktop systems. Web 
based awareness systems [14,15] are primarily 
designed for multiple fixed locations and not mobility, 
but can be viewed on a portable device. 

Local mobility vs. remote mobility 
Luff and Heath [16] classify mobility into three 
different categories: micro mobility, local mobility, and 
remote mobility.  
Micro mobility is when an artefact can be mobilised 
and manipulated in a circumscribed domain, such as by 
moving a document or a handheld device so that 
another person can see the context. 
Local mobility is used when moving within the 
company, e.g. visiting another office or going to the 

coffee machine. Systems that support local mobility are 
usually interconnected using wireless LAN technology, 
or by direct interaction between wearable or otherwise 
mobile devices. Examples of local mobility systems 
include the proximity based inter-personal awareness 
tools Hummingbird [17] and Proxy Lady [18]. The 
Roam Ware system [19] collects information of face-
to-face meetings and synchronises information (notes 
and attendance list of the meeting) from several mobile 
devices. 
Remote mobility is when geographically distributed 
users interact with each other over a distance using 
communication technology. Examples of remote 
mobility systems are mobile phones and the Hubbub 
[20] mobile instant messenger. The primary focus in 
this paper is on remote mobility and video 
communication.  

Personal mobility and device mobility 
A distinction is occasionally made between mobility 
support mechanisms that provide personal mobility 
(user mobility) and schemes that provide device 
mobility [21,22]. 
Personal mobility refers to the ability of end users to 
access network services from any terminal system 
irrespective of physical location, and the ability of the 
network to identify end users as they move. Personal 
mobility thus relies on some unique identification and 
addressing of mobile users [23]. Device mobility is the 
ability of the network to support seamless roaming of 
mobile devices as their users move around, e.g. a 
mobile phone. Consequently, it is the devices rather 
than their users that need to be uniquely identified and 
addressed for device mobility. 
Device mobility typically represents a higher degree of 
mobility that supports continuous operation of 
communication sessions while the users traverse sub-
network boundaries. 

COMPUTER AND NETWORK SUPPORT FOR 
MOBILITY 
User mobility support must provide a means for 
roaming team members to participate in both 
synchronous and asynchronous information exchange 
processes. Asynchronous collaborative work is 
typically supported by tools for remote access to 
shared project data (e.g. file sharing systems, workflow 
systems). These tools are generally not affected 
dramatically by the mobility aspect, although security 
and performance issues may need to be specifically 
addressed. Synchronous collaboration tools, however, 
are inherently location dependent and must explicitly 
provide the means for locating a mobile user and 
arrange for an efficient routing of data packets between 
the participating hosts' current locations. In this 
situation, the mobility support can be implemented at 
different levels. At the network level, a mobile host's 
current location can be monitored and data packets 
destined for this host can then be forwarded from the 
host's home location, or the routing system can be 
updated to reflect the node's current position (as in 
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mobile telephony systems). At the application level, 
the individual applications can assume the 
responsibility of maintaining location awareness and 
efficient distribution of data. 

Mobile IP 
The Mobile IP working group of IETF is developing a 
framework for extending the Internet to support mobile 
hosts [24,25]. Mobile IP provides transparent host 
mobility without requiring modifications to 
applications. A host is allowed to retain its IP address 
while roaming between different IP networks. A 
mobile node (MN) is required to acquire a "care-of-
address" (COA) when visiting a foreign network. 
Network agents at the home and foreign networks are 
responsible for relaying packets destined for the MN 
between the home network location and the visiting 
address through tunnelling. Once a COA has been 
acquired by the MN from the foreign agent (FA), it 
must be registered with the home agent (HA) so that 
the tunnel can be set up. Packets originating from the 
MN need not be tunnelled (unless they are destined for 
another MN), but are transmitted in the ordinary 
fashion with the COA as source address. Although the 
transparency provided by Mobile IP is highly 
beneficial in terms of deployment and simplicity it also 
has negative effects on delay-sensitive applications like 
real-time multimedia conferencing. Since a packet 
bound for a MN must be directed to the MN's home 
location and then redirected through tunnelling to the 
current location, a suboptimal routing path is achieved. 
This is sometimes referred to as "dogleg routing". 
Increased transmission delay due to dogleg routing and 
the tunnelling overhead can seriously impact the 
interactivity of inter-personal communication. 
Problems with dogleg routing are partly solved by the 
route optimization [26] extension of Mobile IP by 
sending binding updates to inform the sending host of 
the mobile host's current location. However, this 
solution has several drawbacks, as discussed by 
Wedlund et al. [27]. 

Application-aware mobility support 
In contrast to Mobile IP an application-aware 
framework like the one proposed by Inouye et al. [28] 
can be used. In this model an agent on the mobile node, 
known as a guard, is used to detect when a predicate, 
referred to as a quasi-invariant, is invalidated. A quasi-
invariant could for instance be the association of an IP 
address with a mobile host. This association is 
reasonably static, but may change as the host moves to 
a different location. The guard triggers an event to the 
applications that have been modified to support 
mobility, so that appropriate actions can be undertaken 
in order for the application to continue to work after a 
quasi-invariant is invalidated. For instance, a 
teleconferencing application could signal the change of 
IP address to the participants of the conference session 
or to a gateway used for the distribution of multimedia 
packets of a session. This type of architecture for 
mobile networking puts a heavier burden on the 

application designer than the transparent Mobile IP 
solution. 
The Session Initiation Protocol (SIP) [29] is an IETF 
protocol used for call setup signalling, providing 
application-level mechanisms to establish, modify, and 
terminate synchronous multimedia sessions. SIP 
supports user mobility by transparent name mapping 
and redirection services. The user mobility 
functionality present in the SIP protocol makes it 
possible to initiate a synchronous collaboration session 
where one or many of the participants are mobile. 
There is no support, however, for ensuring delivery of 
data packets to a mobile participant of a conference 
sessions that roams between different routing domains. 
Neither is there any support for determining the 
location of a mobile host at session setup time, and 
hence some mechanism external to SIP must be used 
for this. 

Multicast applications and mobility 
For multipoint conferencing, an efficient multicast 
routing mechanism is of paramount importance. 
Interestingly, multicast packet delivery is potentially 
easier to support in mobile environments than unicast 
packet delivery. Since a multicast address is not 
associated with a certain host, but rather represents a 
dynamic group of hosts, continuous operation of a 
synchronous conference session can be supported 
without requiring the mobile host to retain its unicast 
IP address. When the mobile host roams to a new 
location a new unicast IP address may be assigned with 
a dynamic host configuration protocol like DHCP, 
whereupon the multicast group can be re-joined from 
the new location to continue the session. 
Since multicast routing is not supported everywhere on 
the Internet, specialized gateways known as reflectors 
or multipoint conferencing units are commonly used. 
At session setup time these gateways must be 
configured with the participating users’ host addresses. 
When a session includes mobile users, the reflectors 
must be re-configured whenever a participating mobile 
user's host address is changed.   

Network Services 
Modern mobile phone systems provide data 
communication services such as GPRS (General Packet 
Radio Services). These services allow the user to be 
constantly online, but the bandwidth that can be 
delivered is typically too low for sophisticated 
multimedia conferencing applications. Thus, the use of 
mobile data communication services for collaboration 
is limited to low bandwidth applications such as 
asynchronous file sharing tools and text messaging. 
Emerging third generation mobile communications 
systems (e.g. UMTS) promise higher bandwidths for 
data communication. At this time, however, 3G 
wireless network services are not commercially 
available in Sweden. 
In addition to second and third generation mobile 
communication systems, wireless network services 
based on wireless LAN technology (IEEE 802.11a/b) 
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are being developed and deployed. This type of 
wireless network service can deliver substantially 
higher bandwidths than 2G and 3G networks, but the 
coverage is much more limited. Small interconnected 
"islands" of wireless network access, often referred to 
as "hot spots", make it possible to realise more 
demanding mobile applications like handheld 
multimedia conferencing tools, albeit not as 
ubiquitously as is promised by 3G technology. In 
Sweden many different wireless LAN services, such as 
Telia Homerun [30] are commercially available in 
many hotels and airports. 
The difference between networks based on 3G and 
hotspots of wireless LAN access can be seen as a 
trade-off between universal access and capacity 
(bandwidth). Demanding collaborative applications, 
like multimedia conferencing, will probably be better 
served by the hotspot approach since they demand high 
bandwidth and typically require user interaction that is 
not suitable for use in a car or when moving around.  

Equipment 
Equipment for mobile communication can be divided 
into laptops, PDAs (handheld computers), and 
ubiquitous devices such as pagers and mobile phones. 
Due to the availability and penetration of mobile 
phones, such technology is becoming increasingly 
ubiquitous, meaning that people carry them around 
without it being considering as an extra effort 
(compared to PDAs and laptops, which you usually do 
not bring along if you are going for a quick coffee 
break). 
Today’s laptop can be as powerful as a desktop 
machine and used for demanding applications such as 
mobile teleconferencing of high quality, if sufficient 
network bandwidth is available. 
A PDA can be used for viewing web pages where the 
content is presented in different ways depending on the 
user’s computer capabilities and screen size. It can also 
be used for synchronous activities such as 
videoconferencing, though with limited quality. An 
example of this can be found in Figure 1, which 
illustrates a videoconference between a PDA and a 
stationary computer. Today, a videoconference-
enabled PDA requires several add-ons such as a 
camera and a wireless network card that unfortunately 
makes the PDA very bulky and its battery life 
prohibitively short. 
Due to the limited size of its display, a normal mobile 
phone is best suited for synchronous voice 
communication and simpler asynchronous applications 
such as reading e-mail and SMS. The limited 
interaction provided (generally no keyboard) makes the 
mobile phone primarily a tool for browsing and 
reading information. The trend, however, in mobile 
phone development is towards integration of more and 
more functions, suggesting an eventual convergence of 
technology between mobile phones and PDAs. 

 
Figure 1 Videoconferencing on a PDA. 

DESIGN AND IMPLEMENTATION 
Experiences from the DTI project show that mobility 
support is needed both for asynchronous and 
synchronous applications. Team members need to 
arrange synchronous conferencing meetings - 
including mobile participants - while each team 
member also needs asynchronous access to project data 
more or less ubiquitously. Synchronous tools support 
the direct real-time collaboration between users, 
whereas the asynchronous tools support the individual 
work being performed in between the synchronous 
sessions. In the borderland between the asynchronous 
and synchronous applications are tools that support the 
transition between asynchronous and synchronous 
work processes. These tools include meeting 
scheduling tools, awareness tools that can be used to 
check if remote users are available for ad hoc 
synchronous communication sessions, and 
synchronous session initiation tools. Henceforth, we 
collectively refer to this class of tools as "awareness 
and transitional tools". 

Awareness and transition support 
Awareness systems are mainly used to support the 
transition between asynchronous and synchronous 
modes of collaboration, i.e. they assist the users in 
finding a good time and place to interact and they 
support informal communication through opportunistic 
or spontaneous interactions. 
Awareness applications supporting the initiation 
process of informal communication sessions can be 
divided into three different categories: 
• Location awareness: Is a certain location (meeting 

room, collaboration studio, etc) occupied by anyone 
with whom a synchronous communication session 
can be initiated? This type of awareness can be 
exemplified by the process of glancing into a co-
workers room to see if he or she is available for a 
meeting. 

• Meeting awareness: Which meetings relevant to a 
team of co-workers are currently available? (e.g. to 
overhear a local meeting). 

• User availability awareness: Information about the 
current availability of persons with whom 
synchronous collaboration is desired. 
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Location awareness 
With the aim to enhance the sense of working in a 
shared physical environment, continuously open video 
links [31] were integrated into the Contact Portal. The 
idea of the awareness cameras was to monitor several 
locations where the distributed team frequently worked 
and provide information about the actions of other 
members. By incorporating visual location awareness 
information in the web page, the teams only needed a 
quick glance to know if, or when, it was suitable to 
initiate interaction.  
The awareness cameras are based on network cameras 
with a built-in web server and are connected directly to 
a network as a standalone unit. Figure 2 shows an 
example of the mobile contact portal. The awareness 
cameras in the DTI project were often used for the 
initial contact by checking the availability of the other 
team members. The users then switched to another 
media such as IM or videoconferencing. 

 
Figure 2 The Contact Portal with the awareness 

cameras. 

Meeting awareness 
We become aware of others' whereabouts and activities 
within a co-located team as we walk around the work 
environment, overhear conversations in the hallway, or 
glance into the office of a colleague [32]. Informal 
workgroup meetings are frequently formed 
spontaneously, where participants may continuously 
join and leave these meetings.  In a distributed 
environment, this process can be partly supported by 
the "location awareness" tools described above. 
Moreover, by using WebSmile, an RTP to HTTP video 
gateway [15], we can combine high quality 
videoconferencing and a web-based interface to show 
currently active conference sessions. The web-based 
interface makes it possible to easily access information 

about ongoing conference sessions, and to access the 
multimedia content being disseminated, without 
requiring the installation of specialized synchronous 
collaboration tools, an example is found in Figure 3.  

 
Figure 3 Mobile meeting awareness. 

Since the HTTP protocol is used for relaying the 
multimedia content of the session, the problems with 
firewall traversals are circumvented, making it easier 
for a mobile participant of the engineering team to 
participate in synchronous information exchange 
processes. 

User availability awareness and session initiation 
Research on business phone calls has shown that 
between 60% and 70% of incoming calls do not reach 
the intended recipient [2, 33, 34, 35]. Therefore, being 
able to check if a person is available and then easily 
initiate a communication session regardless of the 
user's communication tools (desktop computer, 
handheld computer, mobile phone) is important. Thus, 
the initiation of communication should be as easy as 
calling a person’s mobile phone: as long as you know 
the phone number, knowing the user’s location is 
unnecessary. Ideally, the service should also be able to 
tell you if the remote participant is available, to avoid 
wasting time calling people who are unavailable. In the 
Contact Portal the ICQ messaging tool provided 
availability awareness. 
The teleconferencing application that has been used 
supports session initiation using the SIP protocol. 
Users who are unavailable can choose to hold 
incoming calls, and return a reason to the caller for not 
accepting the call. More sophisticated support for 
filtering incoming calls remains to be implemented. 

Synchronous collaboration support 
Synchronous interpersonal communication is a real-
time process involving two or more participants. 
Multiple communication channels supporting different 
modalities can be used simultaneously. During the DTI 
project synchronous distributed teamwork sessions 
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were conducted via audio/video teleconferencing in 
combination with application sharing and shared 
whiteboards. Mobile users participating using less 
capable devices, like PDAs or mobile phones, typically 
only take part using a subset of the available 
modalities. Studies of asymmetrical communication 
show that asymmetries in the modalities supported 
affect measures of co-presence, awareness, 
communication effort, and collaboration effectiveness 
[36]. However, the effect of the asymmetries depends 
largely on the roles of the co-workers and the nature of 
the collaborative task. 

Mobile teleconferencing 
The teleconferencing software used in the project is 
supported on a wide variety of hardware platforms 
including PDAs, laptops, and workstations (see Figure 
1). For multipoint videoconferences, heterogeneity in 
terminal equipment and bandwidth availability can be 
overcome by using a layered video coding in 
combination with an adaptive, layered multicast 
transmission architecture [37]. However, this mode of 
operation is highly experimental and will require 
additional development efforts to be fully operational. 
The teleconferencing tool supports audio and video 
communication as well as text messaging, remote 
camera control, and functionality for session initiation 
and management. 

Implementation issues 
As previously discussed there are several options 
available in implementing user mobility for distributed 
collaboration. The functional requirements that need to 
be considered when choosing the technological 
framework upon which to build the mobile 
collaboration support can be summarized as follows: 
• Do mobile users need access to both asynchronous 

and synchronous services? 
• What level of mobility is required? Is the system 

required to support continuous operation of 
applications while users roam across routing 
boundaries? (cf. personal mobility vs. device 
mobility) 

• What level of user involvement is appropriate in 
determining the user's current location? 

• Is multicast packet delivery needed? 
Experiences from the DTI project and elsewhere have 
revealed that there is not a great need to support 
continuous operation of synchronous collaboration 
services like videoconferencing while mobile users are 
on the move. Typically a mobile user joins a 
conference session from his or her current location and 
stays connected to the session from that same location 
throughout the duration of the session. For this reason, 
network level mobility support as implemented by 
Mobile IP is not necessary. Instead, an application 
level approach has been chosen. Since applications like 
videoconferencing typically require higher bandwidth 
than what is generally available in ubiquitous wireless 

networks, synchronous collaboration sessions will not 
be possible in the near future for true mobile users 
anyway. This restriction means that user mobility 
support becomes part of the session initiation process. 
For this purpose the proxy forwarding functionality of 
the SIP protocol has been used. Whenever a mobile 
user acquires a new IP address through DHCP from the 
visited network, the host contacts its home network's 
SIP server and registers the new address using the SIP 
REGISTER request. The SIP server then forwards SIP 
invitations to the mobile host, transparently to the 
caller. The mobile host's SIP user agent responds with 
'accept' or 'decline' SIP messages through the SIP 
server back to the caller. An accepted call invitation is 
followed by RTP data exchange directly between the 
communication endpoints (i.e. the SIP server is 
bypassed). This avoids the adverse implications of 
dogleg routing that is typically present in network level 
user mobility protocols like Mobile IP.  
For initiation of multipoint conferencing sessions the 
situation is slightly more involved. When multicast 
routing is known to be supported at each of the mobile 
user's possible locations, the conference address, 
carrieded in the body of the SIP INVITE message, is 
simply a multicast address. For each user being invited, 
the session initiation then proceeds in the same manner 
as for point-to-point call set-up. In case a reflector is 
needed, the conference address is the address of the 
reflector. After each prospective participant has been 
invited through SIP signalling, the host initiating the 
session configures the reflector to relay RTP data 
between all hosts that have accepted the invitation. 
This configuration is currently performed using a 
proprietary protocol, but could be implemented using 
SIP messages.  

DISCUSSION 
A clear trend in computer and network architecture is 
towards mobile wireless systems that are constantly 
connected to the Internet. Although the increase in 
CPU performance is rapid for stationary computers, 
recent work indicates that advances in battery 
technology and low-power circuit design will not alone 
meet the demands of increasingly complex mobile 
applications [38]. We can therefore envision a future 
situation much like the present situation, characterised 
by considerable heterogeneity in terms of resource 
availability for different operating conditions. When 
designing a multimedia communication system for 
distributed and mobile teamwork it is hence of utmost 
importance to address scalability issues at different 
levels, including network bandwidth consumption, 
processing requirements, and data presentation 
capabilities. The applications must adapt to varying 
conditions, depending on the context of operation. This 
implies that the applications must provide a graceful 
scaling of the multimedia content being communicated, 
and possibly also support modality changes in ongoing 
collaboration sessions in response to dynamics in 
resource availability. For engineering and design 
sessions that rely heavily on the sharing of multimedia 
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objects, scalable encodings are needed. Improved 
video and 3D formats supporting multiple description 
encodings is a key component in the successful 
realisation of truly mobile collaborative systems in 
highly heterogeneous computing and networking 
environments. 

CONCLUSIONS  
In this paper, we have investigated the need for 
mobility support for distributed collaborative 
teamwork. Furthermore, we have identified some of 
the emerging enabling technologies that will possibly 
make future distributed collaborative work almost 
ubiquitous.  
From related work and our own experiences we 
conclude that informal communication is a vital 
component in collaborative work and that this type of 
communication has traditionally been troublesome to 
support in CSCW systems. By introducing mobile 
awareness and mobile video conferencing, we argue 
that the possibility of supporting informal 
communication is increased. However, more extensive 
behavioural studies are needed to fully substantiate this 
claim. 
We investigate the emerging computer and network 
technologies that will facilitate the development of 
truly ubiquitous collaborative systems. Specifically, we 
argue that the implementation of mobility support for 
collaborative systems is more appropriate at the 
application level, using protocols like SIP, rather than 
at the network level, using protocols such as Mobile 
IP. A possible combination of network level and 
application level mobility support will be chosen in the 
future when designing mobile collaborative systems. 
We exemplify the use of mobility support for 
distributed collaborative teamwork by reporting on 
experiences from the design and implementation of the 
prototype system used in the DTI-project for 
collaboration among engineers and designers. As a 
proof of concept we also developed several tools to 
support remote mobility, the conference awareness 
tool, in which a remote user can browse all ongoing 
conferences, and mobile videoconferencing with SIP 
based initiation. 
Apart from the need for more sophisticated wireless 
access networks and improved mobile devices, we 
conclude that one of the keys to realising a truly 
ubiquitous mobile collaborative system is to develop 
systems and protocols that are adaptable and scalable 
to heterogeneous conditions in terms of bandwidth 
availability and end-user equipment capabilities. This 
will require continuous research in scalable media 
encodings, adaptive network flow control algorithms, 
and behavioural studies in asymmetric interfaces for 
collaborative work. 
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