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Abstract 

This paper presents the mStar environment, which creates 

an environment for truly &alable distributed teamwork It 

can be and is being used on a daily basis for el&ronic meet- 

ings, distributed electronic education and daily work It cre- 

ates a new teamwork environment which &lows users to COG 

laborate even if they are not present at the same physical lo- 

cation. . 

The mStar environment includes: the mu1tiq.M WhiteBoard 

- mWB, which allows for collaborative reviewing of text and 

images; mChat, which allows for text based group chat; 

mVote, which allows for distributed voting and mWeb for 

shared WWW objects. These are all desktop and IP-multicast 

based and symmetric. 

The mStar environment also includes mh4OD, which is a 

VCR-like tool for recording and playback of teamwork ses- 

sions, and mTunne1, which is an application for handling 

IP-multicast traffic on narrow links in the network (such as 

ISDN/modem) and network segments that does hot support 

IP:multicast.. It allows for scaling and tranrforming of the 

network based data in various ways. 

KepOrdS: IP-multicast, desktop conferencing, distributed 

presentations, digital recoding, teamwork, distance educa- 

tion, better-than-being-there. 

INTRODUCTION 

This paper presents the mStar environment for scalable dis- 

tributed teamwork, and how desktop audio/video conferenc- 
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ing combined with a number of useful tools can be used to 

create a distributed teamwork environment for daily use. 

Background 

The Centre for Distance-spanning Technology/CDT is in- 

volved in several different types of projects, where ‘types’ 
mean where members are physically located, which working- 

hours they prefer and how they tend to work. Most employees 

at CDT have offices in the same corridor and work full time 

there, but some persons only work part-time at the CDT and 

often switch between different offices. There are even persons 

that do not work in the town where CDT is located. Others 

prefer to work most of their time from their homes. Further, 

there are some employees that prefer to start working early in 

the morning (even before 6am) and others that prefer to arrive 

around lunch-time. 

All these different working aspects make it harder for some 

persons to collaborate and interact, and much of CDT’s work 

have been focused on this distributed teamwork issue. As an 

answer to tbis need for a true distributed environment, the the 

mStar environment was developed. mStar creates a scalable 

distributed teamwork environment that can be and is being 

used on a daily basis. 

The need for mStar is also well documented as part of the 

rationale for CDT itself. It has for a long time been evident 

that almost no project of any significance is located in a single 

place. Physical distribution of participants is a just a fact, and 

mStar is directly targeting this problem, potentially turning 

the distribution into an advantage. The mStar development 

project was initiated with the ambitious slogan of creating 

the better-than-being-there project environment - a goal that 

seems clearly in reach. 

In a longer perspective, the generality of the underlying 

techitology, which may be applicable in many contexts, rang- 

ing from informal meetings, large presentations, education 

aa even media ma variations on the idea of interactive TV, 
0 
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is essential for the project itself. 

Scalable Distributed Teamwork 

There exjst a number of reasons for groups of people to 

communicate using computers instead of meeting face. to 

face, for instance the cost in both money and time to travel 

to and from meetings. Another use for m&r is as a creator 

of group awareness between project and department members 

which are not located at the same physical place, or which 

spend part of their time in different offices. 

A number of different technical and social aspects of dis- 

tributed teamwork exist, of which the research presented in 

this paper primarily concentrates on the technical aspects of 

real-time synchronous and asynchronous teamwork. 

Organization 

The rest of this paper is divided into the following sections: 

“Design Issues” about the different design issues se- 

lected for the development of the mSta.r environment. 

“The mStar Environment” about the mStar itself and its 

components. 

“Developing New Teamwork Tools” about how the tech- 

nology underlying mStar can be used to create new dis- 

tributed teamwork applications. 

“mStar Usage Scenarios” about how mStar can and is 

’ currently being used. 

‘The Education Direct Project” about the m&r envi- 

ronment has been used for distance education outside 

the University and the research environment, involving 

“normal” non-technologists. 

“Privacy and Social Croup Aspects” about these differ- 

ent questions in conjunction to the m&r environment. 

“Implementation”. 

“Further Issues” about how mStar can and is being en- 

hanced. 

“Summary and Conclusions”. 
iI 

DESIGN ISSUES 
Three major design-issues have been dominant in the de- 

sign of the mStar teamwork environment: scalability and ro- 

bustness through IP-multicasting, access from the desktop 

and symmetry in the applications. 

Scalability and Robustness 

Most existing teamwork and group environments are based 

on a client-server architecture, with a central server using uni- 

cast between the client and the server. When the number of 

users or the amount of traffic increases, this central server 

often becomes the bottle-neck. The server also becomes a 

single point of possible failure as every client depends on the 

server. The use of unicast makes the systems less scalable, as 

all traffic between members of a teamwork session has to pass 

through the central server and traffic on shared links will be 

duplicated, even if it carries the same data at the same time, 

In the design of the m&r environment, the use of IP- 

multicasting [7] has been a key issue. To create a fully dis- 

tributed environment there is no central server. The use of 

IP-multicasting means that traffic between members is only 

duplicated where needed in the network. This does not imply 

that each member has to keep track of every other member 

that needs a copy of the sent data, but instead this information 

is stored and updated by the network and its routers. This of 

course also means that the traffic between members is sent on 

the local network and over intra- and internets and does not 

rely on dedicated ISDN connections, as is the case in H.320 

(ITU-TS published standard for ISDN based audio/video and 

multi-party conferencing) based systems. 

The usage of IP-multicasting also leads to a larger degree 

of robustness as users are not dependent on a single central 

server. The usage of the Wmulticast based tools may con- 

tinue even if a failure occurs to the server or the network be- 

tween the user and the server. 

The tools using IP-multicasting on the Internet are loosely 

called the MBone applications. The name MBone is also used 

for the virtual and experimental network’ for distribution of 

IP-multicast traffic on the Internet. 

Access 

In many teamwork environments, real-time group commu- 

nication is based on shared equipment and specially dedicated 

rooms. This means that distributed electronic meetings have 

to be scheduled in advance and participants have to move to 

the dedicated room. This often becomes the bottle-neck in 

the teamwork environment, as these rooms tend to be used 

exactly when You need them and have to be booked far in ad- 

vance, which prevents spontaneous electronic real-time com- 

munication. 

In the mStar environment development, one key issue has 

instead been that all tools should be accessibZe from the desk- 

tops of the involved users. For instance, a project member 

should be able to call another project member using the com- 

puter on his desktop and be able to use it for real-time au- 

dio/video conferencing, shared whiteboards, etc. together 

with the other party. This means of course that each desk- 

top computer has to be equipped with a frame-grabber and a 

1% virtual network is beiig integrated into production network. 
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camera, but this is no big problem as the cost of these prod- 

ucts is already very low and falling rapidly. 

An advantage of having the necessary equipment on the 

desktop is that it can be used all time and in new and different 

ways. For instance, the users can have a “conference” running 

24 hours a day and by that creating better group awareness. 

A new usage pattern is evolving, which resembles electronic 

corridors more than specific meetings, where users can and 

do meet spontaneously to talk about anything they want. 

Symmetry 

A serious problem with many client/server real-time sys- 

tems is that they are designed with a “hard” client/server ar- 

chitecture, meaning that clients are designed to only receive 

data and not to be able to transmit any data themselves to 

other members. This makes the systems useful for broadcast 

of real-time data, but provides no functionality for communi- 

cation with other listeners. 

All m&r tools have been designed withsymmetry in mind, 

meaning that any member of a session can transmit just as 

much as any other member. 

THEMSTARENVIRONMENT 

The mStar environment consists of a number of loosely 

coupled tools that together create a scalable distributed team- 

work environment. The basic components needed in this dis- 

tributed teamwork environment are desktop audio and video, 

other components needed are shared whiteboard, chat, vot- 

ing, and distributed presentations. The m&r environment 

also contains a library for developing new teamwork tools. 

This library, its contents and architecture, is further discussed 

in Sect. “Developing New Teamwork Tools” on page 7. 

This section describes the different tools that are part of the 

mStar environment. 

Session Directory Tools 

Each conference is referred to as a session and may in- 

clude any type of media. To allow users to find each specific 

session they want to join, announceqentsabout active and fu- 

ture sessions are multicasted to predefined multicast groups. 

Each announcement contains meta-information about a ses- 

sion, such as media, contact information, pointers to more 

information, when the session is active, and the network ad- 

dresses to use. 

Sessions can either be public, or private, where the first can 

be compared to TV broadcasts where the user tunes into the 

right frequency when switching channels (with the difference 

that on the MFJone, the user can be a member of several ses- 

sions at the same time). Information about private sessions 

is not publicly announced, but is instead propagated by some 

other method such as email or multicasted encrypted. 

A user may be a member of any number of sessions simul- 

taneously and as there can be several sessions announced at 

the same time, tools to visualize this to the user are necessary. 

These tools are called session directories. Within the m&u 

environment, there are currently two different tools available 

for viewing information about current sessions, the Session 

Directory - SDR [15] and the multicast Session Directory - 

mSD [S]. 

SDR is a stand-alone tool that displays information about 

currently announced sessions and can be used to launch tools 

corresponding to the media used within a session. It can Blso 

be used to announce new sessions. 

mSD is a similar tool to SDR, but instead of being a stand- 

alone application it uses the World Wide Web as its user in- 

terface. The advantage is that every user do not need to run a 

copy the directory tool itself, instead one copy is enough per 

local server as all users can access the same user interface. 

This of course makes it client/server based but as it includes 

its own minimal WWW server it’is very easy for users to start 

their own copy. mSD relies on the mkzunch application [S], 

which is a World Wide Web browser helper application for 

automatic startup of the necessary media tools. 

Note that mSD can not announce sessions itself, in- 

stead that is delegated to another application called mAn- 

nouncer [4], which runs as daemon in the background an- 

nouncing sessions. This has the advantage over SDR, in that 

SDR must be running to make the announcements, as that is 

not handled by the network but by the application itself. It 

means that the user have to be logged in and have the tool 

running during the announcement period. 

mSD, mLaunch and mAnnouncer are all developed at 

CDT. 

Audio Tools 

The group environment must include a tool that allows 

users to talk with each other using their desktop comput- 

ers. There are a number of MBone tools available for this, 

including Vat [16], Robust Audio Tool/RAT [12] and Free 

Phone/FPhone [2]. All these tools are compatible, but the 

newer RAT and FPhone also include support for redundant 

encodings (which provide better sound over congested links): 

Within the m&r environment, Vat is primarily used (but 

certainly not a requirement). It allows a group of users to 

communicate using speech and sound, using their desktop 

computers. Within’a session a user can talk to all other mem- 
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bers of the session, which can be compared to talking loudly 

in an office landscape where everybody can her what is be- 

ing said. This is useful if the user wants to ask the whole 

group a question or just announce something. A user can also 

start a private dialogue with another user, which can only be 

heard by these two users and not the rest of the group. If no 

one says anything, no data will be sent2 on the network which 

allows users to be members of several different sessions with- 

out wasting bandwidth. 

A tool called the multicast Radio, mRadio have been cre- 

ated at CDT for experimenting with audio of higher quality, 

such as CD quality and new mechanisms for handling packet 

loss, such as semi-reliable transmission where applications 

are allowed to request lost packets from other listening mem- 

bers of the session. 

Video Tools 

The video component of the mStar environment allows 

users to transmit a video view from their work space using 

an external camera. This is done by using the Vie tool [17] 

which allows users to both transmit as well as receive net- 

worked video. The video component adds a feeling of virtual 

presence where users can peek into otherusers rooms, both to 

see what they are doing but also if they are physically there. 

See figure 1 and 2 for snap-shots of the vie user interface and 

what a transmitted view might look like. 

___._ -..- 

Fig. 1. The vie application. Overview over all members currently traos- 
mitting in a session. 

The video encoding used allows for sender decided quality 

which primarily depends on the available bandwidth. To keep 

%ome low-bandwidth background control tic will still be transmitted. 

down the bandwidth usage, only low quality video is usu- 

ally transmitted. The video encoding also allows for dynamic 

frame rate depending on how much is happening within the 

video-source, meaning that if nothing happens almost no data 

will be sent. 

Dirmkr 

Fig. 2. A close-up of a single traasmitter. 

The multicast Desktop - mDesk 

The multicast Desktop - mDesk, is a teamwork application 

currently consisting of three functionally different tools. The 

different tools are started from a common toolbar (see Fig. 3) 

,_ 

File Options 

Fig. 3. The mDesk tool-bar. 

mVote: Within every official meeting there is often a need 

to be able to vote about some issue. This functionality 

is accomplished by the mVote tool. mVote allows users 

to create new issues, vote about these issues and view a 

summary of the voting. When creating new issues, users 

are not limited to the normal yes/no/abstain alternatives, 
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but can create alternatives of their own. The result is 

presented in real-time (when members vote) as numbers 

and in graphical format (as bar- or pie-charts). Fig. 4 

displays a snap-shot of the mVote user interface. 

Disrnis5 1 

Fig. 4. The mvote application. 

mChar: In some cases the audio is not available. It may 

be hardware problems or that someone else is talking 

and should not be interrupted. Some informations is, 

finally, just better communicated in written form. The 

mChat tool allows users to textually chat with each other. 

mChat has shown to be especially popular during meet- 

ings when users are “forced” to listen to someone else. 

Fig. 5 displays a snap-shot of the mChat in use. 

Fig. 5. The mChat application. 

mWB: mWB is a tool that allows users to share a common 

electronic canvas where they can draw together, share 

images and text-documents. mWB can be viewed as 

a digital representation of a physical whiteboard. This 

digital representation has a number of advantages over 

the physical, such as several pages, loading and saving 

of drawn data, so called mini-views that display a small 

view of other not currently displayed pages, different 

colors and fonts, moving/copying of drawn objects, lay- 

ers and remote pointers. Fig. 6 displays a snap-shot of 

the mWB work area. 

mDesk can very easily be configured to contain new tools. 

mDesk has been developed at CDT. The architecture and de- 

sign of the mDesk framework and application is further dis- 

cussed in c18J. 

The multicast Web - mWeb 

Within any distributed teamwork environment there is al- 

ways a need for doing distributed presentations, and within 

mStar the presentation media chosen is the World Wide Web. 

There are many advantages of using WWW as the presenta- 

tion media, including: 

The visual quality of the slides get much higher as users 

may decide themselves, how the slides are to be pre- 

sented. Also, in many distributed presentation environ- 

ments, slides are filmed using a camera from a projection 

screen, and thus resulting in both much lower quality and 

much much higher bandwidth requirement. 

The usage of WWW makes the slides (they are normal 

WWW-pages) much more interactive as they can contain 

links to more information related to the presentation and 

the user might choose to follow these at will. They may 

browse back and forth or explore the interactivity built 

into the slides. 

There is a lot of information available and it is very easy 

to “published” the slides from a presentation. 

It is very easy to create new presentations. 

There are WWW clients for virtually any platform. 

The multicast Web - mWeb is a tool that allows users to dis- 

tribute World Wide Web objects and pages in a scalable way. 

It also allows users to synchronize their browser to display 

the same page. 

mWeb can be used to share objects addressed by URLs en- 

tered manually, or be configured to follow the selections made 

in a running browser. The later means that after the configu- 

ration, the user can select links just as it normally would be 

done and all listening members browsers will “follow” the 

sending members browser without any other interaction. 

mWeb displays a list over viewed WWW objects by their 

corresponding URLs and a “listener” can go back and re-view 

already displayed objects. mWeb supports distribution of any 

WWW object that is retrieved using the Hyper Text Transfer 
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Fig. 6. The rnw work area. 

Protocol - H’ITP [3] which is the primary protocol for retriev- 

ing data on the WWW. 

The mWeb application is developed at CDT and is further 

discussed in [lo]. 

‘rhe multicast Media-On-Demand - mMOD 

A very big advantage of using digital network based tools 

for teamwork and communication is that the data can easily 

be recorded digitally and later played back. This functionality 

is added to the mStar environment by the multicast Media- 

On-Demand application - mMOD [6] which is also developed 

at the CDT. It allows recording of any public MBone session 

and later playback of that recording. Playback of recordings 

is requested using a Web interface. It records all media in a 

session, and they are all synchronized at replay. 

mMOD supports recording of any type of IP-multicast 

based traffic, which later ca be replayed. This allows for 

recording of any type of media or collaborative tool, even 

if the network protocol or tool used is not known. When the 

session is later replayed, the receiving tools will not see any 

difference between the replayed traffic and the original traffic. 

During playback, the viewer has “random access” within 

the recording using a Java applet (see Fig. 7), which also dis- 

plays information about the length of the recording and the 

current playback point. Each recording can also be indexed 

automatically or by hand by the user. Each index will act as a 

bookmark into the recording when later played back and the 

viewer can then, using these indexes, easily jump to interest- 

ing points in the recording. 

Fig. 7. The mMOD VCR control applet. 

As playback of a recorded session is not different from 

a ‘live’ session, listeners can interact during the playback. 

This allows for interaction and commenting during playback, 

Recording and playback can e.g. also be used by users that 

can not attend a meeting, but are supposed to talk during the 

meeting, i.e. their &lk can be recorded earlier and played 

back during the meeting and the listers will not see any dif- 

ference (other than that they can not ask any questions to the 

presenter at that time). 

The multicast Tunnel - mlbnel 

Another member of the mStar environment is a tool called 

the multicast Tunnel - mTunne1, which also have been devel- 

oped at the CDT. mfinnel allows application-level tunnel- 

ing df multicast traffic based on explicit user decisions. This 

means that the user has to explicitly choose which sessions to 

transport through the tunnel. This tool allows users to tunnel 

multicast traffic over network segments that normally do not 

172 



support multicast (such as ISDN and modem connections). 

mTunne1 also allows the user to select if the data transmit- 

ted over the link should be “scaled” in different ways: e.g. au- 

dio can be transformed into an encoding that requires lower 

bandwidth (the GSM encoding requires only about 25% of 

the bandwidth needed by the better quality PCM encoding 

which is normally used); Video can be voice-&itched, mean- 

ing that only the video from the current speaker is transmitted 

over the link, Audio from simultaneous active sources can be 

mixed together to create a single audio-stream; Video band- 

width can also be reduced by dropping a certain amount of 

data from the data-flow based frame information and not just 

packet information (this is possible because the protocol used 

to transmit the data is designed to withstand packet-loss and 

contains information about where new frames start). 

The m’Hmne1 application is further discussed in [9]. 

DEVELOPING NEW TEAMWORK TOOLS 

To ease development of new teamwork tools, a service and 

application creation platform was developed. This platform 

consists of a generic agent architecture and an application- 

level network layer, the Tunable Multicast Platform - /TMP. 

The Generic Agent Architecture 

Each application is divided into agents, which is a 

program-module responsible for a single and independent 

task. Such a task can either be self-contained within the agent, 

or be implemented by integrating an existing tool. In the latter 

case, the agent acts as a mediator between: 

. the external tool language, which is the set of com- 

mands that is specific to the existing tool. An example of 

such a language is the remote-control-api used to control 

the Netscape World Wide Web browser. 

. the internal tool language, which is the set of com- 

mands that every agent must understand and are dis- 

tributed to instances of the tool to achieve the desired 

functionality. This is the Control Bus protocol (see be- 

low). 

Examples of self-contained agents are mChat, mVote and 

mWT3 (discussed earlier), and an example of an integration 

agent (mediator) is the World Wide Web agent (part of mWeb) 

that controls external browsers. 

The TImable Multicast Platform - LIMP 

The Tunable Multicast Platform - /TMP, is a package for 

multi-point communication in a scalable and reliable way 

over intra- and intemets. The base of the library is an im- 

plementation of the Real-time Transport Protocol - RTP [13] 

for basic real-time data-transmission and loosely coupled 

membership-control. RTP is the primary protocol for distri- 

bution of multi-point real-time data on the Internet and is used 

in most MBone application available today. 

The library also contains implementations of two new pro- 

tocols developed at CDT, Scalable Reliable Real-time Trans- 

port Protocol- SRRTP [14], and Scalable Reliable File Dis- 

tribution Protocol - SRFDP. These protocols add support for 

reliable multicast and file distribution. SRRTP is based on the 

ideas from the SRM framework [l 11, where the main advan- 

tage is that every application that is a member of a session, 

not only the original sender, participates in the repair of lost 

packets. 

/IMP also includes support for communication between 

agents using the Control Bus - CB [l]. CB is a simple, but still 

powerful, mechanism for messaging between agents. The 

message format allows addressing of a single agent or a se- 

lected group of agents. It is also used for inter-agent com- 

munication within applications that consist of more than one 

agent. 

MSTAR USAGE SCENARIOS 

The mStar environment can be used in a number of ways 

to create a distributed teamwork environment, which scales 

very well to a large number of users and members. 

The mStar environment is used daily at CDT to create a dis- 

tributed electronic workspace, with users working from their 

homes, users located at CDT and users located at CDT in- 

volved companies. The mStar environment is currently used 

in a number of diierent ways: 

Electronic meetings: where the environment is used as a 

replacement for the physical meeting room. Here, au- 

dio/video is normally used in conjunction with mDesk. 

These meetings are normally also recorded using the 

mMOD system which allows users to later retrieve the 

data and review what has been said during the meeting. 

It also allows people that do not have time to attend a 

meeting to join in and just listen with one ear when they 

have time. In the “physical environment” this is nor- 

mally not done by busy persons as it takes time to go to 

the meeting rooms and they normally do not want to dis- 

turb by coming late or Ieaving early (they usually want 

to be near their telephone as well). 

Electronic education: where some or all teachers/students 

are geographically separated. Tools used here are nor- 

mally audio/video, mWeb for slides and mDesk for 

group assignments, questions and feedback. A number 

of different scenarios are used here: 
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. The teacher is talking to a group of students; who are 

all in the same room, but the.presentation is also dis- 

tributed electronically to allow interested parties to 

join in. This allows for better information dissem- 

ination to other students, non-students and employ- 

ees that normally would not have the time to follow a 

complete course or would not fit in the room. 

. Some of the students are located far away and can not 

attend the physical lecture. 

. Several teachers are used within one lesson as comple- 

ment to each other. This could of course be accom- 

plished in the “physical environment” as well, but the 

problem of organizing several different teachers to be 

in the same room at the same time is overwhelming. 

Also, if one of the presenters can not be present during 

the lecture, the appearance can be recorded in advance 

and played back during the presentations, allowing for 

virtual presence. 

Of course, all presentations are recorded digitally, which 

allows students to review lectures at a later time. See 

Sect. “The Education Direct Project” for a further dis- 

cussion on how the technology have been deployed and 

used for electronic distance education. 

Electronic corridor: where users just talk with each other. 

Media used here is usually only audio/video. The audio 

is normally used as an open channel for questions and 

announcements, either directly to some member or to the 

whole group. By using it as an open channel, it Creates 

group awareness through other users overhearing useful 

and interesting information. It also allows users to peek 

into other users’ rooms to see if they are available and 

present before trying to talk to them. 

THEEDUCATIONDIRECTPROJECT 

The Education Direct project is a major effort on exploiting 

new technology for electronic communication, and involves, 

in various ways, several hundred people. It was initiated dur- 

ing the spring 1996, and spent significant effort on getting a 

firm rooting among end-users outside the already knowledge- 

able kernel of technologists. The operational phase started 

during the fall 1996. The goals are as follows: 

. Accomplish a significant increase in broad use and un- 

derstanding of multimedia technologies on the Internet 

in the county of Norrbotten. 

. Establish better direct contacts between CDT / Lule& 

University of Technology, and high-schools and sec- 

ondary schools, and SME’s with respect to this technol- 

WY. 

. Illustrate the use of the technology by distributing a 

course on this actual subject, (Internet and Distributed 

Multimedia), to those people. 

. Establish and test the infrastructure needed to accom- 

plish this. 

Among several longer term goals, this is the first concrete 

step on implementing the vision of the electronic presentation 

and education environment, according to which all courses at 

the LuleH University of Technology and CDT will be possible 

to attend independently of physical location. 

This is a need that is especially urgent in the county of 

Norrbotten, with its sparse population and large geographic 

distices, (approximately 400x400 km). 

The-project involves four kinds of people: 

Technicians, which must be able to manage computers 

and communication equipment to ensure continuous op- 

eration. 

Advanced Users, which should be able to utilize the tech- 

nology for doing own productions, presentations, and in- 

formation searches. 

Simple Users, which need to be able to use the technol- 

ogy to benefit from the information provided by others, 

Technologists, which in addition should have an 

overview of how the technology works, ongoing trends, 

and principles of the area. 

The participants come from all over the county, many of 

which &e high-school teachers, (as those will act as local 

technology transfer persons). Parts of the material is also in- 

cluded in a student course at the Lulei University of Technol- 

%Y- A. 

Results and User Feedback 

The response to the initial part of the project was very pos- 

itive by all participants (both inside and outside the CDT) and 

have led to a large demand for further courses and further use 

of the technology. The University will together with the CDT, 

distribute several courses during school-year of 1997198 and 

will continue the successful distribution of graduate courses 

which also started during 1997. 

A diiect result of the successful dissemination of the tech- 

nology to the lower grade schools, is a new project for teach- 

ing 12-13 year old pupils Spanish using electronic distance 

education. Participation in the course will be voluntary and 

the teaching will be done by non-university teachers that did 

not know anything about theses tools or the technology in the 

beginning of 1997. This course would not be possible to be 

given without the support of the electronic distance tools as 

the number of students at each school would be to few. 
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PRIVACYANDSOCIALGROUPASPECTS 

As every room is equipped with a camera, and the con- 

tents of the camera is distributed to viewers over the network, 

readers might raise a concern (most newcomers do) about the 

privacy off the person in the room, but that person always 

have the choice to turn of the camera. Persons that have just 

begun to use the system often switch off their camera, as they 

feel disturbed by the transmission, but they soon get used to 

it, just ignore it, and leave it on all the time. 

Every session does not need to be public, of course. A 

group of users can create a private session that will not be 

announced to the rest of the world but will only be seen by 

invited users. 

Using this environment, a distributed work area can be cre- 

ated which allows users to work together although they are 

not physically located at the same location. It also creates an 

environment where persons working over a distance can get a 

group connection feeling and do not feel isolated (which of- 

ten happens otherwise), as they can see other persons work- 

ing. The group feeling also arises even if the persons do not 

work together or even know each other. 

IMPLEMENTATION 

All tools developed at the CDT within the mStar environ- 

ment are Java based (with the exception a GSM encoding li- 

brary in mTunne1 which is implemented i C for efficiency 

reasons and an implementation that this library was already 

freely available on the Internet). 

The advantages of using Java as a development language 

are many, including the development of these tools would had 

taken much longer time if done in for instance C or C++. An- 

other large advantage is that it makes the tools truely platform 

independent. 

The m&r environment runs on most UNIX platforms and 

under Windows95/NT4.0. It does not run under MacOS due 

to the lack of a Java1 . 1 compliant virtual machine needed for 

running the programs written for this version of the Java lan- 

guage. 

FURTHERISSUES 

There are a number of open issues and missing applica- 

tions, One example is how to locate users and how a user can 

leave a message about her whereabouts (compare to a note on 

the door to their office or a voice message in the telephone- 

system). Another tool of high interest is a digital answering 

machine. 

The usage of digital recordings have opened a number of 

issues related to annotation and editing. There are also a num- 

ber of issues around mMOD regarding load-balancing be- 

tween servers and how media available on different servers 

can be integrated into a common view to the user. The 

transformation components of mnnnel should of course also 

be integrated into mMOD allowing users on low-bandwidth 

links to receive recordings. 

The questions of privacy and social group aspects are very 

large and currently mainly uninvestigated with this kind of 

tools. 

Another open issue is better floor control, meaning who is 

allowed to transmit data into an active session and how this is 

supposed to be controlled. 

Currently the video quality is low (compared to broadcast 

TV but high if compared to many other video-tools currently 

available on the Internet), and this is of course also an inter- 

esting issue to approach. 

SUMMARYANDCONCLUSIONS 

This paper presents the CDT mStar environment, which 

creates an environment for true Scalable Distributed Team- 

work. 

A number of real-time synchronous media were presented, 

as part of this environment: audio/video, whiteboard, chat, 

vote and shared presentations. These are all desktop based, 

as the user should not have to move to another location just 

to have a short talk with a colleague. 

Audio/video was realized using the already existing Vie 

and Vat, but the other tools had to be developed from scratch, 

which was done at CDT. The whiteboard, chat and vote 

functionality was added to the mStar environment by the 

mDesk application. mDesk includes a distributed shared dig- 

ital whiteboard called mWB, which can be used to review 

text-documents and images, joint drawing, copying/moving 

of drawn objects and loading/saving of documents/drawings. 

mDesk also includes mChat, which is a text-based chat tool 

where members can chat with each other, and mVote, which 

is a tool for distributed voting. Distributed presentations us- 

ing the World Wide Web is added by the mWeb application. 

Two other members of the mStar environment were also 

presented: MOD and mTunne1. mMOD is a VCR-lie tool 

which allows recording and playback of the electronic work 

done within the group environment. mTunne1 is an applica- 

tion for handling bandwidth on narrow links (such as ISDN 

and modem) in the network. It allows for scaling and trans- 

forming of the network based audio and video in various 

ways. 

Central design issues related to all these tools are that they 
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should be desktop oriented (there should be no need to go to 

a specially designed and equipped room), they should scale 

well to a large number of users, they should all be network 

based, and they should be symmetric, meaning that no tool is 

central and that every user can do the same thing with their 

copy of the tool as anyone else in the session. 

The m&r environment is currently being, and has for 

some time now been used in a number of different ways to 

support distributed teamwork. Three major usage scenarios 

where identified: The electronic corridor, where the system is 

used to exchange information between users as if they would 

when they meet in the corridor; electronic meetings, where 

the system is used as a replacement for the physical meet- 

ing room with the advantage that everything can be recorded 

and later reviewed, and distributed education, where teach- 

ers/students do not have to be located at the same physical 

location. 

With the mStar environment, a Scalable Distributed Team- 

work environment that is really used daily (24 hours a day), 

have been created. It allows users to work from their homes 

or other offices connected to the Internet without risking to 

loose contact with their main work group and project team. 
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