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ABSTRACT

This paper presents the key features of a colléivera
visualization system. It discusses the main chghlsnof
remote collaboration in the case of scientific al&ation
and presents our solutions.

Our system provides a group of geographically ithsted
scientists the means of sharing their data, ofactévely
creating visualizations, and of analyzing them. sThi
allows for shorter turnaround times compared toaem
traditional approach. Our main objectives arentpriove
the ease of use as well as the cognitive efficieamy to
minimize the waiting time for the participants in
collaborative efforts.

The main challenges we identified include the suppb
network heterogeneity, portability, ease-of-usdyaay,
configuration of the working mode, strategy for
coordinating access to shared resources, and dotigg,
respectively controlling permissions of operation.

Real-time collaboration in current distributed goaare
workspaces is often a difficult and awkward process
Being aware of what the other participants of sisesare
doing is an important issue in such a collaboration
scientific visualization the data volume that iwvdlved
may be huge. We present three different methodiata
transfer, compare their efficiency with respect to
particular application scenarios, and give resaftour
tests.
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1. Introduction

Visualization is a powerful tool for analyzing daaad
presenting results in science, engineering, meelicamd
many other domains. Collaboration is crucial in
visualization: many scientific discoveries are taily
made by interdisciplinary teams, and not by isalate
scientists. Frequently, these teams need visuizat
systems that allow the different members, who dteno

located at geographically different sites, to jhint
investigate the results of a simulation or of apekment,

and to share their knowledge and their experience.
Visualization is also a powerful tool in preseruas,
education and in discussions between colleagues. As
such, visualization is an essentially collaborategivity.
Sometimes some patrticipants may want to make use of
the powerful equipment of another participant,.ite
access remote resources. Grid computing [1, 2]\Veed
technologies offer new opportunities in this resp&mne

of the particularities of collaborative visualizati
compared to other cooperative media, is the pdegito
share data at different locations, which imply ad&off
between data volume, network and computational powe

Due to the recent growth of network bandwidth and
computing power, quite a number of computer-supgabrt
cooperative work (CSCW) systems have emerged. There
is also a growth in the use of video conferencing t
facilitate meetings between users in separate iat
Many applications can benefit from them. In ordebe
effective, such a system must be easy to usejeffiand
extensible. We shall keep in mind these objectives

Section 2 gives an overview of current systems ahd
their main features. Section 3 presents differeaysvof

improving collaborative scientific visualization stgms.

Section 4 describes how to accelerate data transfer

presents our test result.

2. Main Challenges
21 Requirements for Collaborative Scientific
Visualization Systems

We first consider the principle challenges of dodleative
visualization:

- Multiple platforms. Usually each participant uses his
own workstation. An important requirement for a
collaborative system is therefore ability to run an
heterogeneous set of workstations connected by
heterogeneous network. Thus, such a system mugsbgup



multi-platform environments and botlslow and fast
networks. As the volume of data to be transmitted may be
huge, data transfer has to be optimized. Howevstow
internet connection may be sufficient if each p#ant
has the data to be visualized available on his station.
Only small messages have to be exchanged in thés ca
- Ease-of-use. A collaborative version of a system should
resemble the corresponding single user version ttiet
participants are used to. It should be extensiblaccept
new data processing or new visualization algorithms
- Setting up. Setting up a collaborative session should
require little effort.
- Floor control. There is a need for different modes
corresponding to different relationships betweer th
participants. One situation is, for example, a udtt
classroom in which a teacher presents his studeants
visualization of interesting datasets; in anotharasion,
three scientists with different backgrounds would
collaborate to analyze some intriguing phenomena.
- Privacy. While participants take part in a session in
which all graphical representations are shared; thay
want to work on a private draft, for instance festing
ideas without polluting or disturbing the sharedssen.
- Performance. The addition of collaborative facilities to a
single user system should not lower its performamce
particular, waiting times should not increase. Efiee,
shared information, be it numerical data or graghic
objects, must be efficiently transmitted acrosdedént
stations.
- Scalability. When the system is used as a virtual
classroom, the system must be scalable. On ther othe
hand, when all participants are actively working are
visualization, scalability of the system is lesspartant
since the cognitive efficiency of the participants will
become the most important issue.
- Reliability and robustness. A session must not collapse
in the case of common failures.
- Flexibility: Two common configurations have to be
provided:
- Light client: A cheap or out-of-date workstation
may be too weak for storing large datasets or for
building efficiently complex graphical objects. §hi
calls for a server that accesses the data and nadlkes
the heavy computations, whereas the weaker clients
only have to render the scene.
- Data and computation servers are needed as a
counterpart of such a light client.

A number of different collaborative visualizatiopssems
have been developed: AVS with its collaborative
extensions [3], CSpray [4], VisADI[5] or gViz [6] &sed
on Iris Explorer), to mention just a few. Thesetsyss are
generally designed for either optimizing the dasasfer

or improving the cognitive ease of use, but theamityj of
them does not pay enough attention to both issfjes [

Considering all these requirements, our two main
objectives are to improve the cognitive efficieranyd to
minimize the waiting time for the participants.

2.2 System Features

We claim that our system, Zoomin [8], satisfies the
requirements we mentioned in the previous sectjothe
following features:

- It has been developed in Javaulti-platform) and is
based on a single user systemfgse of use).

- It can be launched from a web paguilti-platform).

- Sow and fast networks are supported by appropriately
trying to choose the best data transfer methodreo

to the given situation.

- Privacy control in Zoomin is flexible. Once one creates
a shared session, two worlds appear: the privatand
the shared world. All participants have read-actedbe
shared world; the creator of the session can gnaité
access to other participants depending on the etkesir
working mode. The private world is similar to tHeased
world except that, by default, other participanévér no
permission to access it. Once an interesting sisefoeind

in a participant’s private world, he can copy itoirthe
shared world, so as to make it visible to the athBut a
participant can also share his private world wight&in of
his fellows.

- Through control of permission of operation Zoomin
provides full customization offloor control. There are
two main modes. One is a presentation mode in wéith
instructor controls a presentation, whereas theeroth
participants can only watch it. However, the instou can
temporarily grant a particular participant the pission

to interact with the shared world, thus giving the
possibility to illustrate a question he may wishak. A
mode with more than one instructor can also bdyesst
up. The most flexible mode is the free mode, inckhi
everybody can interact with the shared world, ebyg.
adding graphical objects to it. By permission cohtthe
operating mode can be customized and more panticula
modes of operation can thus be created.

3. Awareness Support
3.1 Workspace Awareness

In simple terms, awareness can be defined as “kmpwi
what is going on” [10]. This concept involves st
knowledge as well as dynamic processes of peraeptio
and action.

We defineworkspace awareness as the understanding of
the activity of the other persons within the shared
workspace. This restricts the concept to awareatise
other participants and how they interact with the
workspace.

Workspace awareness is much harder to maintain in a
collaborative environment with remote participattian

in a face-to-face situation, and it is often diffic to
determine who else is in the workspace, what tterot
participants are working on, and what they are gloirhe



main reasons for this is the fact that the input antput
devices used in computer-supported cooperative work
(CSCW) systems generate only a small fraction ef th
perceptual information that is available in a fandace
situation.

3.2 Answer to Who, What and Where

Gutwin [11] describes three basics categories of
information that have to be gathered and deliveied
maintain a participant’s workspace awareness. These
answers to the questions “who?”, “what?”, and “vévar
When one works in a face-to-face situation, onewao
with whom one is working, what the others are dpamg
where they are located in the workspace. Thesec basi
categories can be decomposed into subcategorig¢s tha
Gutwin calls “elements”, each of them giving anses

to specific questions, thus contributing to the kspace
awareness. Table 1 shows these elements and Hists t
guestions that each element can answer.

Table 1. Element of workspace awareness

Category| Element Specific questions
Who Presence | Is anyone in the workspace?
Identity Who is participating? Who is it?
Authorship| Who is performing an action?
What Action What are they doing?
Intention | What goal is that action part of?
Artifact What object are they working on7
Where Location | Where are they working?
Gaze Where are they looking?
View Where can they see?

£ zoomiIn
File Edit Dataset Action Collaboration Tools Window Help

3.3 Awareness Support in Our System

When working in a collaborative environment, the
participants’ characteristics must be identified. A
participant’'s representation in the workspace, ugto
visual clues such as color, shape or appearanyss te

answer the questions concerning the workspace
awareness. Adding an indicator (hand or pointer)
improves the expressiveness of a participant’s
representation.

In our system, avatars indicate where the partitgare
and what they are looking at, thus providing infation
about the “where” part. Clicking on another papanit's
avatar will switch us to the other participant’srremt
view. A pointer allows designating interesting piasis in
the world; the position of a pointer can easilyda¢ and
saved, so it can be retrieved. Flags may be puhén
workspace to memorize interesting position and taxt
be added to them. To provide more information altloeit
“who” part, each participant is represented by rcdis
avatar, pointers and flags are painted in this rcodo
everyone can easily deduce its identity and auttijors
Each action made by participants is indicated by a
message; this allows to know where participantsaaue
which objects they are working on.

Fig. 1 shows a screenshot of our visualization esyst
Zoomin. The upper right window is the shared wodde
sees 3D graphical objects, avatars and pointerg Th
middle right window is the private world, where one
makes private tests. The lower window serves fer th
chat.

Update Delete | Hide Show
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Scalar Fisld Femperature
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Fig 1. Shared world, private world, and communication cfein Zoomin



4. Data Transfer

This section describes how data transfer is op&thimn
our system.

Fig. 2 represents a single user system. The user Ul
provides the parameters needed to create a gréphica
object. Which parameters are needed obviously dkpen
on the selected visualization tool. For an isosuerféor
example, the parameters will contain the data driee
interact with, the isovalue, and the color map.

Raw : Data

data
% -
Ul Parameters

In all the figures of this section, a rectanglpresents a
piece of information, an ellipse a process. An arro
expresses the data flow between the elements.

The data driver provides the data requested by the
visualization tool by accessing a particular pieaaw
data in a file. The visualization tool then buildlse
graphical object that will appear on the screen.

Visualization
tool

Graphica
object

Fig 2. Our architecture

4.1 ThreePossible Cases

Remote collaborative visualization implies sharinf
information. To illustrate how information is shdreve
consider the case of two participants. As it canseen
from Fig. 2, three types of information can be skeoin
one participant to another: the parameters, the dat
provided by a data driver, or the graphical objact
visualization tool has produced.

Raw : Data
data Graphica
object
Parametersg
Visualization > Graphlca
tool object
Raw | o 5 (" Data 7
U2 data driver

There are thus three different

information:

ways of sharing

a) In a first case the visualization tool of eadsthbuilds

the graphical object using the raw data, which are
available locally (Fig. 3). If for instance Ul clsas the
parameters, they have to be broadcast through the
network. The graphical objects that are producedhen
two hosts will then be identical. In practice,sthowever
rather rare that the raw data are available ohcets.

Fig 3. “Local data”: the raw data are available on eaw$t h
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Fig 4. “Remote data”: the raw data are available onlpne host
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Fig 5. “Remote graphical object”: the raw data are atdélan one host, which sends the graphical object

b) In a second case, the raw data are only availabl
Ul's host (Fig. 4). The graphical object is builchlly on
U2, but the data are fetched from Ul. This may edhe
transfer of large amounts of data. As in most casga
retrieval is faster than building the graphical eattj the
computation overhead on U1l is not large. Some
visualization tools have to get small pieces ofadane
after the other and cannot get them all at oncéhatothis
method may become slow. This is the case for exampl
for a streamline: during its construction the vélpc
vector has to be fetched for a number of pointsline
streamline and the position of each of these paiagend
both on the position of the previous point and be t
velocity vector corresponding to it.

c) In the third case again, the raw data are availanly

on Ul's host (Fig. 5), which uses the parameters to
compute the graphical object and sends it to Uuidpin

the network. As the resulting graphical object mawgsist

of a huge amount of data, this method can be dinte
consuming.

4.2 Test and Discussion
In our tests we aimed to minimize the delay betwihen

moment a participant asks the system to perforiaction
and the moment the result appears on the screeall of

participants. For this purpose, one has to paynttie to

the two components of this delay: the durationhef data
transfers, which depends on the data volume, aed th
computation time on the different hosts. As it feen the
case, reducing one of these components increases th
other.

We performed tests by using different visualizationls
and by varying their parameters. Our tests haven bee
made using the kobus » data set, which describes a fly’s
brain. The two participants are connected through
a.200Kb/s cable connection. The workstations of the
participants have the same configuration: PC Wirglow
XP Pro, Pentium 4 2.6Ghz, RAM 512Mb, graphic card
NVidia GeForce FX 5200. We took a rather slow netwo
to show that collaboration is feasible even undechs
circumstances and to illustrate the difference betwthe
three cases discussed above.

We measured the waiting timat when creating a
graphical object:

tstart = time when a participant asks for a graphicaéob;
teng = time when all participants’ screens show theiltes
(i.e. the graphical object);

At =teng - Tgart, i.e. the waiting time.



Table 2. At [s] and data volume [Kb] to create a
graphical object

Action Case] Case| Data Case | Graphical
a) b) sent C) data sent
sosurtecel 30s| 4874 614 < s04)s 1072
:lsosurface 29s| 4895 618 KtI 41% 25Ky
Cutting 1.2s| 11.89 194KHW 11.1s 174Kp
Plane
Arrows 1.9s| 13.43 203Kp 34.5s 454 Kp

Table 2 compares the three cases; in each cashilitits
the waiting time; in case b) it furthermore showe t
volume of the data asked for by the visualizatimoi,tand
in case c¢) the volume of data describing the gahi
object.

The fastest execution is obviously always a), aslélast
amount of data is transferred. However, as we edtic
previously, it is not common that all hosts own thsy
data.

There is a relation between the volume of datasfean
over the network and the time needed to build the
graphical object. Therefore, it is interesting wmpare
the performances of the cases b) and c).

- The volume of the graphical object produced by
Isosurface | and by Isosurface I, is quite différeFor
Isosurface I, case b) is faster but for Isosurfaci is c).
Unfortunately, in most cases it is impossible towsately
predict the size of the graphical object just om Ilase of
parameters.

- For Cutting Plane, the volume of data transferired
cases b) and c) is nearly the same. This is duketdact
that for a cutting plane with m*n discretization iqts
m*n values will be asked to the data driver, arat the
graphical result will be composed of a texture withn
color values.

- For Arrows, the volume of data transferred fori®)
smaller than for c). This is due to the fact ths field
value for only one point is needed for one arrolvgreas
the graphical result is composed of a large nundfer
triangles.

A crucial issue is the choice of the best transfethod in
a given situation. A heuristics has to take intcoamt
many factors: the volume of the raw data, the kirid
visualization system, the values of the paramettrs,
quality of the network connection between partiniga
the available computational resources, etc. Githen
many parameters influencing performance, tuningadg
general heuristics is difficult.

5. Conclusion

For the users, the main advantages of Zoomin aredke
of use, a low waiting time, the extensibility andet
awareness support.

We already could exhibit its satisfactory perforiman
what data transfer is concerned. We are currently
preparing experiments for assessing the awareness
support. Preliminary results are quite encouraging.

More information about Zoomln can be found at
http://iiun.unine.ch/paral/zoomin. The softwarevas| as
more documentation can be downloaded. It furtheemor
presents the current state of our work.
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