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Abstract

We present an initial report on using our distributed, collaborative
grid enabled visualization environment to link SuperComputing
2004 (Pittsburgh, PA, USA) with the Cardiff School of Computer
Science (Cardiff, Wales, UK). A PDA was used to visualize large,
shared datasets (in the range of 0.5-4.5 million polygons) stored in
Cardiff, interacting with a laptop (rendering the data locally). The
system used was the Resource-Aware Visualization Environment
(RAVE), deployed as Web Services running in the background on
remote machines. This enables us to use a wide range of heteroge-
neous machines without being concerned with the underlying im-
plementation of RAVE, or the architecture of the machine.
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1 Introduction

Increases in network speed and connectivity are promoting the use
of remote resources via grid computing, based on service-oriented
architectures such as the Open Grid Services Architecture (OGSA)
[Foster et al. 2002]. These permit users to remotely access hetero-
geneous resources without considering their underlying implemen-
tations. This simplifies access for users and promotes the sharing
of specialised equipment (such as rendering hardware).

With datasets rapidly increasing in size, the visualization of such
datasets can quickly overwhelm local computing power. The avail-
ability of Grid computing enables users to recruit resources to sup-
ply datasets or to assist in their rendering. Grid computing (and high
speed networking in general) enables co-operation between remote
teams at interactive rates and hence becomes more desirable as the
network technology improves.

With this in mind, we present an experiment carried out us-
ing the Resource-Aware Visualization Environment (RAVE), us-
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ing Grid/Web Services to advertise data sources and recruit render-
ing assistance from remote resources. We describe an experiment
carried out at SuperComputing 2004, where RAVE was presented
[Grimstead et al. 2004]; a PDA interacted collaboratively with a
laptop at SC2004 (Pittsburgh, PA, USA) via services located re-
motely in the Cardiff School of Computer Science (Cardiff, Wales,
UK).

We briefly review current Grid-based and related visualization sys-
tems and introduce RAVE. We present an overview of its archi-
tecture and discuss our implementation in detail (including such
factors as choice of language and rendering technology). We then
report on our experiment of using RAVE across the Atlantic, fol-
lowed with a discussion on future work and our final conclusions.

2 Previous Work

Remote access to rendering hardware enables expensive, specialist
hardware to be used without having to move from the user’s current
place of work to a specific site. Although basic desktop machines
have graphics capabilities that we could only dream of a few years
ago, demand for rendering power will often outstrip the available
resources. Hence we wish to make specialised, high-end resources
available for sharing with remote users. This is especially important
when the user cannot move to the machine (for instance, a surgeon
performing an operation)—the capabilities of the machine must be
delivered remotely to the user.

OpenGL VizServer 3.1 [SGI 2003b] enables X11 and OpenGL ap-
plications to be shared remotely, with machines that do not have
specialist high-performance graphics hardware. VizServer renders
the OpenGL remotely, and transmits the rendered frame buffer to
the collaborator. All users share the same visualization—a client
cannot have a unique view position. However, this is still a very
useable approach, and has been used to good effect with medical
applications (such as [John 2003]).

An alternative approach is taken by COVISE [Wössner et al. 2002],
which is a Modular Visualization Environment (MVE). One user
is the master with control over the entire environment, whilst other
users are slaves that can only observe, but may have a unique lo-
cal view position (unlike VizServer, where all participants share a
single view). COVISE takes advantage of local processing on the
slaves by only transmitting changes in data, where each machine
renders the data locally (requiring graphics hardware on each ma-
chine).

The ARTE environment [Martin 2002] presents a hybrid approach
whereby a full bitmap may be transmitted (akin to VizServer), the
geometry may be transmitted (akin to COVISE) or a combination
of the two. In combination mode, partial geometry is sent with a
depth-buffered bitmap rendering of the remainder, for the client to
combine with the local rendering. The hybrid rendering approach
fits well with the requirements of RAVE, but ARTE appears to
use a single render server (supported on a single operating system)



whereas we are interested in a cross-platform collaborative environ-
ment that can use multiple resources.

glX [Womack and Leech 1998] and PEX [Rost et al. 1989] are both
methods for rendering data stored remotely over X11. The program
runs on a remote machine, while the local client receives a stream
of prepared primitives for localised rendering. This approach is
tied to the underlying windowing system (namely, X11) and is ori-
entated towards remote rendering of a single application. The con-
tinuous streaming of prepared primitives is an approach somewhere
between sending the whole scene graph (unprocessed) and sending
a rendered frame buffer. However, with this approach the data is
sent repeatedly, yet the local client still has to perform the render-
ing. This results in the continuous usage of both network bandwidth
and GPU resources (the worst of both approaches), and could ex-
plain why current research is biased towards streaming of frame
buffers or initial bootstrap of the scene graph.

MVEs and Problem Solving Environments (PSEs) are popular tools
with visualization, with several projects using this approach. The
e-Demand project [Charters et al. 2004] is implementing a PSE on
the Grid, where each module in the environment is represented by
an OGSA service, whilst the gViz project [Brodlie et al. 2004b]
is extending IRIS Explorer [Walton 2003] to be grid-enabled and
collaborative (where users can independently control each module
of the MVE).

For a fuller review of remote visualization applications refer to
[Grimstead et al. 2004] and [Brodlie et al. 2004a].

Current visualization systems often make assumptions about the
available resources; for instance, COVISE assumes local rendering
support, whilst OpenGL VizServer assumes the client has modest
or very little rendering capability and relies totally on remote ren-
dering resources. We wish to produce a collaborative system that
can automatically discover and make use of available resources (ei-
ther local or remote) through distribution of workload, and react to
changes in these resources. To this end we have created the Re-
source Aware Visualization Environment (RAVE), which was ini-
tially presented at SC2004 [Grimstead et al. 2004]; the architecture
underlying RAVE is presented in the next section.

3 RAVE Architecture

We propose a novel and unique visualization system that will re-
spond to available heterogeneous resources, provide a collaborative
environment, and be persistent (enabling users to collaborate asyn-
chronously with previously recorded sessions). The system must
not only react to changes in resources, but also make best use of
them by sharing resources between users, and distributing work-
load amongst resources. We now describe the main components
that make up the RAVE architecture; a data service, an active client,
a render service and a thin client, with the architecture presented in
Figure 1.

3.1 Data Service

The data service imports data from either a static file or a live feed
from an external program, either of which may be local or remotely
hosted. The data service forms a persistent, central distribution
point for the data to be visualized. Multiple sessions may be man-
aged by the same data service, sharing resources between users.
The data are intermittently streamed to disk, recording any changes
that are made in the form of an audit trail. A recorded session may
be played back at a later date; this enables users to append to a

recorded session, collaborating asynchronously with previous users
who may then later continue to work with the amended session.

The data are stored in the form of a scene tree; nodes of the tree
may contain various types of data, such as voxels, point clouds or
polygons. This enables us to support different data formats for vi-
sualization.

3.2 Active Client

An active client is a machine that has a graphics processor and is
capable of rendering the dataset. The active client connects to the
data service and requests a copy of the latest data, or a subset of
the latest data, bootstrapping the client. The client then maintains
a connection to the data service, receiving any changes made to the
data by remote users and also sending any local changes made by
the local user. Note that only changes are sent—this reduces the
bandwidth required, akin to COVISE [Wössner et al. 2002].

The selection of a subset of the data can enable a client with insuf-
ficient rendering power to render a lower resolution Level Of De-
tail (LOD), or to render just the area of interest. LOD approaches
are used in various rendering architectures, such as ARTE [Martin
2002] and MUVEES [Chen et al. 2003].

3.3 Render Service

Render services operate in a similar manner as an active client, ex-
cept these do not render to the local console, instead operating in
the background. If a local client does not have sufficient resources
to render the data, a render service can perform the rendering in-
stead and send the rendered frame over the network to the client for
display. Multiple render sessions are supported by each render ser-
vice, so multiple users may share available rendering resources. If
multiple users view the same session, then single copies of the data
are stored in the render service to save resources.

The host console is not visually affected when running a render ser-
vice (the only side effect being a slow-down in on-screen render-
ing as the GPU is being shared). A specialised graphics card can
then be used simultaneously by multiple users (local and remote),
promoting the sharing of graphical resources. This is in contrast
to other systems, such as VizServer [SGI 2003b], which may take
over the host console to perform rendering.

A render service may be requested to render a subset of the scene
tree or frame buffer; this enables several render services to render
a dataset that would otherwise overwhelm an individual service.
The subset is rendered locally and the resulting framebuffer is then
transmitted to another render service or active client, where the re-
sults are composited. The collaborating render services share the
same camera view point, so the framebuffer aligns exactly. Com-
positing is currently restricted to opaque solids, as this does not
require any specific ordering of frame buffers at composition.

3.4 Thin Client

Whereas an active client is a render-capable client for the data ser-
vice, a thin client (such as a PDA) represents a client that has no or
very modest local rendering resources. The thin client must make
use of remote rendering, so it connects to the render service and
requests rendered copies of the data. The local user can still ma-
nipulate the camera view point and the underlying data, but the
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Figure 1: Diagram of basic RAVE architecture

actual processing and rendering transformations are carried out re-
motely whilst the local client only deals with information presenta-
tion. OpenGL VizServer [SGI 2003b] works in a similar manner,
only our implementation is totally heterogeneous.

4 Implementation

We now discuss our implementation and reasons behind our selec-
tion of various tools. Further information regarding the PDA imple-
mentation and workload distribution may be found in [Grimstead
et al. 2004].

4.1 Grid/Web Services

The OGSA model [Foster et al. 2002] of Grid services is converging
with the Web Services Resource Framework (WSRF) [IBM 2004a].
This means that service implementations must not become tied to
any particular infrastructure, as this is subject to change. We wrap
our serving technology inside OGSA, Web Services and a (multi-
threaded) test environment, so our service “engine” is unaffected by
changes in infrastructure, only the wrapper needs to be modified.

Grid and Web services both implement remote procedure calls by
sending the procedure arguments and results in XML format (us-
ing the Simple Object Access Protocol (SOAP) [W3C 2003]). The
specification of the procedure calls is defined using Web Services
Definition Language (WSDL) [W3C 2001], again based on XML.
They are hence not tied to any particular architecture (such as little
or big endian format), as they are transmitted as plain text. Ser-
vices can then be inter-connected or connected to a client without
knowledge of the underlying implementation, machine architecture

or operating system. For example, when working with RAVE we
use (and inter-operate with) Linux (RedHat, Fedora and embedded
variants), SGI IRIX, Sun Solaris and Microsoft Windows.

Note that Grid services in OGSA are implemented as factories,
where a service can create instances; Web services are usually state-
less function calls. If static variables are stored within Web ser-
vices, then they can behave in a similar manner as Grid services
by implementing a factory as a design pattern (such as passing the
name of an instance as the first argument to all instance related
methods). The differences between Grid and Web services will be
removed once they converge with the WSRF.

The usage of XML means that SOAP messages are not suited to
low latency or large data transmissions, due to the size of the SOAP
packets compared to the size of the original data, and the time re-
quired to marshall/demarshall the data. With the issues of SOAP
taken into account, we only use Grid/Web services for initial ser-
vice discovery (via UDDI—refer to the next section), status in-
terrogation and subsequent subscription. We then back off from
SOAP and use direct socket communication to send binary infor-
mation. The sockets are specified during the initial SOAP-based
service subscription by the client, when the service instance is se-
lected.

Globus Toolkit 3 (GT3) [Sandholm and Gawor 2003] hosts Grid
Services and has inbuilt security, job submission, certificate han-
dling, etc. The basic installation of Apache Axis [Apache 2004a]
as a Web Services host (with Apache Tomcat as a container) is just
an insecure WS implementation. However, the lack of features in
Axis is an advantage at this stage of development, as we do not need
the additional features and hence do not wish to pay the penalty
of maintaining such a heavyweight system. Additionally, we have
had problems compiling GT3 to work with a PDA (such as system
header conflicts, requirements of 100’s of Mbs of storage whilst



building the libraries); hence we selected Apache Axis.

4.2 Service Discovery

Grid and Web services can both be advertised through standard di-
rectory services, such as LDAP [Yeong et al. 1995] or UDDI [OA-
SIS 2002] (often used to register personal contact details, such as
telephone numbers, or web pages). We selected UDDI as it has
good support with Java, and UDDI version 3 has additional sup-
port for Web Services and WSDL documents. A Grid/Web service
can have its API described in a WSDL document, which is then
advertised as a “Technical Model” in UDDI. If any services are ad-
vertised as adhering to this technical model, then we know they
will have the same API and underlying behaviour. Hence we have
two technical models, one for the data service and one for the ren-
der service. For testing, we use jUDDI [Apache 2004c] as a local
UDDI server and the IBM test registry [IBM 2004b] for additional
testing. Once our services are stable, we publish them to our pro-
duction UDDI server (hosted by the Welsh e-Science Centre [WeSC
2004]).

To produce WSDL documents, we used java2wsdl and
wsdl2java from the Apache Axis project. These first generate a
WSDL document from a compiled Java interface, and then generate
the Java service skeletons (to contain the Web Service), and the re-
lated client stubs (to call the remote service). For the C/C++ client,
we used gSOAP [van Engelen 2004]; this produced the C++ client
stubs for the PDA.

4.3 Language Used

Java was selected as this runs cross-platform without modification,
and the majority of the Grid tools are implemented in Java. As
we wished to reuse as much 3rd party code as possible with the
minimum of effort, Java was a natural choice. There is also a cut-
down version of Java available for PDAs (J2ME), so this would
enable some code to be used even on embedded devices.

C/C++ APIs are becoming available (such as the Apache Axis-
C project [Apache 2004b]), so we may move to C/C++ for per-
formance gains later. As we are using Grid/Web services, we
can change the underlying implementation of an advertised service
without affecting the rest of RAVE. However, a C/C++ implemen-
tation would require a cross-platform build system and more thor-
ough testing.

For our PDA client, our real-time display (as a thin client) required
rapid access to the frame buffer, this was not possible from J2ME as
the image support libraries are only present in J2SE. Hence we had
to write a C++/QTopia client for the PDA, which also runs under
Linux. Web Services hide the underlying implementation of the
service, and hence also of the client requesting the service. This
has enabled the C++ client to interact with the services without any
special knowledge.

All other services and clients are written in Java, enabling us to run
RAVE under many environments, including as an Applet in a Web
Browser.

4.4 Java3D Usage

We require a graphic API that is cross-platform, and will support
off-screen rendering. We investigated various other APIs (including
VTK [VTK 2004], Java OpenInventor [TGS 2004], JOGL [JOGL

2004]), but Java3D was the only solution that was truly cross-
platform, supported off-screen rendering (in hardware), and was not
restricted by a license fee for each instance. Java3D uses OpenGL
as its underlying rendering mechanism, and is hence fairly efficient
if Java3D is requested to use display lists (as these then run directly
on the graphics hardware, and are not affected by our choice of
implementation language or environment).

Java3D has been released by Sun as an open-source project [Sun
Microsystems Inc. 2004], whilst SGI and Sun announced a joint
initiative to produce Java bindings for OpenGL [SGI 2003a]. This
could indicate that Sun is moving its focus away from Java3D and
towards OpenGL, but the community around Java3D is active, with
a new version of Java3D (1.3.2) due for release. Hence we feel that
Java3D is a good solution for the present, but we will also create a
Java OpenGL (JOGL) implementation for comparison and future-
proofing. At the time of writing, JOGL does not have a binding
for SGI IRIX, so does not yet support all of our platforms, and the
off-screen rendering is still under development.

4.5 Importing External Data

Java3D has a lot of community support for it, including plug-in
modules for importing geometry from 3rd party applications. As
we wish to interact with as many datasets as possible, this is a ma-
jor plus. There are several VRML importers, and the X3D for-
mat is supported with the Xj3D project [Xj3D 2004]. We have
used Xj3D to import various VRML files, including output from
MolScript [Kraulis 1999] (where Protein DataBank files are con-
verted to VRML, and then imported into RAVE using the Xj3D
libraries; for an example, see Colour Plate 2).

Note that we can continue to use the Java3D as an importer if we
stop using it as a renderer, as we can extract the data from the
Java3D structures and copy into an alternative implementation. In
RAVE, we have black-boxed our underlying renderer so we can
simply import into a Java3D based RAVE data service, and then
copy the data into a JOGL based RAVE render service/active client,
hence making use of pre-existing importers.

To import other data types, we have also written custom importers.
This has enabled visualization of Diffusion Tensor Imaging datasets
[Connell and Bastin 2004] (see Colour Plate 1) and the ETOPO
datasets [National Geophysical Data Center 2004] (see Colour
Plate 3).

4.6 Inter-Service Communication

We required a protocol that would bootstrap a machine (active client
or render service) and then send incremental changes to reduce
network usage. As we are using Web Services (WS), any remote
method calls use SOAP—which is based on XML. XML is text-
based and wraps numerical data in such a manner as to increase
its size by an order of magnitude; for instance, a four byte floating
point value could be stored as:

<float>5.213132</float>

This simple example requires 24 bytes, compared to the four binary
bytes of the original floating point value. For short, occasional data
transmission (e.g. less than ten values), the overhead of sending as
XML is acceptable. For streaming a large dataset (such as our ex-
amples, containing a million or more polygons), the time to encode
and decode to/from XML would be too slow, without considering
the network overhead.



This meant that we could use WS for simple interactions by the
client, but not for bootstrapping or incremental updates. We inves-
tigated X3D, but this is also XML-based, so would be too slow. We
also considered OpenHSF [OpenHSF 2004] (our investigation was
based on HOOPS version 9.0), which would supply an incremental
stream for bootstrapping, but we also wanted incremental updates.

To give maximum control over data transmission, we opted for
a simple custom protocol, where each Java class implemented
a known interface for set/get methods (such as getColour,
setPosition, etc.). Our initial RAVE implementation was for a
single user, so our methods simply mapped to a given implemen-
tation (currently Java3D or a “Nil” implementation that can only
store data, unable to render). We then created client and server
sets of classes that wrapped RAVE objects, exposing an identical
API. Once the wrapped objects were in use, the code simply dele-
gated the set/get method to the wrapped implementation, but any
set methods also sent the data over the network. To send data,
Java introspection was used to discover what interfaces were im-
plemented; from this, the network code can request certain data
types to be sent (e.g. if an object implemented the Colour inter-
face, then the getColour method would be called and the colour
sent over the network). This enabled us to rapidly add new object
types by implementing known interfaces, so new scene tree nodes
were instantly supported with network transmission.

The set/get approach is sufficient for our needs at present, but we
are free to extend this as required, such as an add method to intro-
duce new vertices, or specific methods for new data types, such as
voxels. Volumetric data will spawn new requirements, for instance
changing the mapping from density to colour, which is not appro-
priate with polygonal data.

Note that the client and server classes effectively implement a
shared scene graph—if any client makes a modification to its local
copy of the scene graph (be it a render service or an active client),
then the modifications are reflected back to the data service, which
will then forward these modifications to all interested clients.

4.7 Collaboration

Clients are represented in the dataset by an avatar—a simple graphi-
cal object to indicate the position and view of the client. Clients can
manipulate items in the dataset, with scene updates being sent to the
central data service for reflection to other clients/services. Clients
can also control the cameras of other users, enabling RAVE to “re-
mote control” other devices; an example of this is using a PDA to
steer a large-scale display device (such as a projector or a Portico
WorkWall).

To interact with the scene, objects are selected by clicking on them;
an available interaction is selected from a menu, and launched by
dragging the pointer. This simple interface was selected as it easily
maps between a windowed environment (mouse click, mouse drag),
a PDA (stylus “pick” and drag) and a VR environment (wand-based
selection). There are three forms of interaction available to the
clients:

1. Interact with unselected object

2. Interact with selected object

3. Interact relative to selected object

Unselected objects are those that cannot be seen to be clicked on—
such as the user’s camera. Examples of interactions include:

Roll camera Select your camera in the “Interact with unselected
object” menu and drag on-screen to roll the camera around
the X or Y axis.

Move object Select the object on-screen and then select “Move
object” in the “Interact with selected object” menu. Dragging
the pointer will then move the object parallel to the viewing
plane.

Rotate around object Select the object to rotate your camera
around, then select “Rotate around object” in the “Interact rel-
ative to selected object” menu. Dragging the pointer will orbit
the camera around the selected object.

On an active client, the interactions are discovered through Java
introspection—data objects implement the “interaction” interfaces
that match the three different types outlined above. A thin client in-
stead requests interactions from the render service using Web Ser-
vices; the render service then performs the introspection and returns
the results as a series of menu options. Note that scene interactions
are automatically reflected to all users as we implement a shared
scene graph.

These interactions are sufficient to navigate around the scene, and
to update/modify it. We have yet to implement more advanced col-
laboration, such as announcement of interesting viewpoints, attach-
ing to other user’s cameras (enabling a guided tour), audio com-
munication, etc. Security is not implemented in the system, so any
user can modify any object at any time. Eventually we will imple-
ment a per-object locking approach, rather than a more restrictive
master-slave approach (where one user may modify anything whilst
all other users are locked out).

5 Experimental Results

Our experiment consisted of a live demonstration of a wireless PDA
interacting with a laptop, both located at SuperComputing 2004
(Pittsburgh, PA, USA). However, the remote services used were lo-
cated in Cardiff, Wales, UK. We describe the equipment used, how
RAVE was operated and the resulting experience of collaboration.

5.1 Configuration

A Toshiba Satellite Pro M10 laptop was used as an active client
for local rendering, whilst a Sharp Zaurus C760 PDA was used
as a thin client. Both these devices were located in Pittsburgh at
SC2004, and utilised resources in WeSC and the Cardiff School
of Computer Science. An SGI Onyx 300 at WeSC was running
a data service and an AMD-based Fedora 2 Linux server at the
Cardiff School of Computer Science was running a render service.
The Welsh Service-Orientated grid was also available in WeSC, but
we selected the above machines to test heterogeneity and machines
separation (rather than all the machines connected to the same net-
work switch). The machines used are summarised in Table 1.

The data service supplied geometry to the laptop in SC2004, whilst
the render service distributed a stream of rendered frames to the
PDA; both of these links were trans-Atlantic. Finally, the WeSC
UDDI server was used by the laptop to discover the available ser-
vices. The configuration is presented in Figure 2. The network
between the laptop in SC2004 and the machines in Cardiff, UK
had 15 hops and a latency of approximately 0.1s. The wireless
network (with the PDA) incurred an additional penalty of approxi-
mately 4ms, so is insignificant compared to the trans-Atlantic con-
nection.
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Table 1: Equipment used at SC2004
Machine Operating System Location CPU Memory GPU
Toshiba Satellite Pro M10 Windows XP SC2004 1.6GHz Intel Centrino 512Mb GeForce Go! 420
Sharp Zaurus C760 Embedded Linux SC2004 400MHz Intel XScale 32Mb None
Linux server Fedora 2 Linux Cardiff 2×1.8GHz AMD Opteron 2Gb GeForce FX600
SGI Onyx 300 IRIX Cardiff 32×500MHz MIPS 32Gb InfiniteReality



5.2 Usage Sequence

We now describe the use sequence of the RAVE system, with each
step covered in a separate section.

5.2.1 Service Discovery

Firstly, the laptop was informed of the location of a UDDI server
(via a Java .properties file); the RAVE service manager then con-
tacted the UDDI server to discover implementations of data and
render services (Figure 2 steps 1-2). Each service was then inter-
rogated via Web Service calls, requesting the load on the machine,
available memory, number of service instances located at each ser-
vice and the number of concurrent users (Figure 2 step 3). A WS
call was then used to request a network testing socket; this socket
was located on the remote service, and was used to reflect pack-
ets sent from the local client. The local client then timed network
packets of increasing size, to discover network bandwidth and la-
tency. A screen-shot of the RAVE service manager is presented in
Figure 3.

5.2.2 Data Service Instantiation

The SGI Onyx was selected in the list of available data services (re-
fer to (a) in Figure 3), with the available data instances then listed
(refer to (b)). We wished to visualize a Diffusion Tensor Imaging
dataset [Connell and Bastin 2004], 1PRC molecule [Deisenhofer
et al. 1995] from the Protein Data Bank [H.M.Berman et al. 2000]
and a subset of the ETOPO data [National Geophysical Data Cen-
ter 2004]. For each of these, the URL of the dataset was entered
into the GUI (refer to (c)), the SGI Onyx data service was selected
and the service instance created. A comparison of the datasets is
presented in Table 2 1.

Table 2: Comparison of datasets
Name of Memory Number of Number
dataset used polygons of nodes
Diffusion Tensor Imaging 29.8Mb 948kpoly 2200
1PRC molecule 109.9Mb 4.6Mpoly 3
ETOPO 23.2Mb 546kpoly 29,000

During creation, the instance creation WS call was made (Figure 2
step 4); the remote data service then contacted the remote data
source (step 5) and received the data (step 6). Upon completion,
the data service was then ready to serve this particular dataset to
RAVE clients, and the GUI was automatically updated to list the
new data instance.

5.2.3 Active Client Instantiation

The user selected the new data instance in the GUI (refer to (b) in
Figure 3), which entered the service details in the client creation
section of the GUI (refer to (g)). The user selected “Create Java3D
active client” and entered the size of the on-screen image and the
name they would like associated with their avatar. A subscription
request was sent via a WS call (Figure 2 step 7). The data service
verified such a data instance was present, and registered the client
with the dataset, returning a unique ID code representing that client.

1“Memory used” excludes Java3D/OpenGL overhead, such as Display
Lists, internal Java3D workspace, etc.

The client then used WS calls to request a TCP/IP socket to receive
binary data, and upon a successful port handshake (using the unique
ID code) the client was bootstrapped with the data (Figure 2 step
8). Once bootstrap was complete, the data service and active client
continuously exchanged messages over TCP/IP to reflect changes
made to the dataset (either locally at the client or remotely at the
data service, possibly by other clients, as indicated by step 9). A
view of the DTI dataset from the laptop is presented in the Colour
Plate 1.

5.2.4 Render Service Instantiation

The PDA has insufficient internal memory to store the DTI dataset,
without considering how quickly it could render the dataset (as it
does not possess a graphics processor). Hence we had to use a ren-
der service to perform the rendering. In this case, the user selected
the Linux server in the “Available Render Services” (refer to (d)
in Figure 3) and the SGI Onyx in the “Available Data Services”.
The DTI dataset was then selected from the data service, represent-
ing that the user wanted to connect the render service to this data
service instance. The GUI was updated to offer the user the op-
portunity of creating a new render service instance (refer to (f) in
Figure 3). The user entered a description of the render service in-
stance, and the laptop sent a WS message to the render service to
request a new instance (Figure 2 step 10).

The render service then performed a similar series of WS calls as
the active client in the previous section, requesting a subscription to
the data service instance, receiving bootstrap data and continuously
synchronising after bootstrap (Figure 2 steps 11-13).

Upon completion, the laptop’s GUI was automatically updated to
reveal the newly available render service instance.

5.2.5 Thin Client Instantiation: PDA

The user now entered the render service URL and the render service
instance name (as shown in the laptop GUI) into the PDA’s GUI,
followed by the desired screen buffer size and the name of their
avatar. In this instance, our PDA had a high-resolution screen, so
an image size of 400x400 was used, with an example screen shot
presented in Colour Plate 2 (showing the 1PRC molecule dataset).

5.2.6 Thin Client Instantiation: Laptop

Although the laptop had a graphics processor, it could not render
very large datasets (due to lack of memory and render speed). For
an example, the user carried out the same procedure as detailed in
Sections 5.2.2–5.2.4, but instead entered the URL for a copy of the
ETOPO dataset. The render service instance was then selected, and
a Java thin client was created (refer to (g) in Figure 3) An example
screen shot is presented in Colour Plate 3, taken from a PC running
Linux.

5.2.7 Selection of Client: Active or Thin

If a client is capable of rendering the dataset, then the user can opt
to run an active client and download the scene directly from the data
service. However, if the client has a high-speed network connection
and a fast render service is available, the user could instead opt to
run a thin client and use the render service.
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The user can determine this by examining the UDDI GUI—if a
render service is listed with a higher polygon throughput than that
of the client, and it has sufficient network bandwidth, then the user
would receive a higher frame-rate with the render server than with
local rendering. A simple heuristic can be used to determine this
(where FPS=“Frames Per Second”):

FPSpoly =
polygons per second

number o f polygons in model
(1)

FPS f rame =
network bandwidth

image size
(2)

FPSmax = Max(FPSpoly,FPS f rame) (3)

A render service should be selected if it can deliver a higher FPS
than the local client, and that the latency is within the user’s thresh-
old. For instance, a render service may be able to deliver a far
higher FPS, but this is unusable if the latency between user interac-
tion and receipt of the resulting frame is not at an interactive rate.
This selection approach will be used when we implement a more
automated GUI; refer to Section 6.

5.3 Collaboration

When the laptop and PDA were both displaying the DTI dataset,
an avatar was visible for each client (the laptop can see the PDA’s
avatar, and vice-versa). This enabled the laptop to follow the PDA
around the dataset, and share the same view. At this early stage of
the project, we have only implemented minimal collaboration sup-
port, so we have yet to introduce gesticulation or direct communica-
tion (textual, speech or other), so the experience was limited. How-
ever, the thin and active clients were designed to continuously send
messages when navigating the scene, at a frequency independent

of the local rendering speed. Hence if the local machine slowed
down, the actual movement of the avatar in space was still continu-
ous. This was observed by the frame rate of the PDA being around
1-2fps whilst the PDA’s avatar was seen moving smoothly on the
laptop.

The limitation of the collaboration (aside from an incomplete fea-
ture set) was mainly the speed of update on the PDA, which was
hampered by the wireless connection. With exclusive use of an
802.11b wireless connection, the PDA can achieve around 4fps with
a 400×400 run-length encoded image (representing 1.8Mb/sec,
whereas maximum bandwidth we have achieved through raw socket
tests was around 0.6Mb/sec), so we are limited by the network
bandwidth. At SC2004, we were obtaining around 1-2fps due to
the wireless bandwidth being shared with other show attendees. As
the results are from observed rather than measured delays, they a
have margin of error, but the observed latency between interacting
with the PDA’s GUI and a result arriving on the laptop was around
0.5s, with a total delay of around 0.7s before seeing the rendered
result on the laptop.

We are normally limited by available wireless network bandwidth
(or render speed with more complex models, such as the ETOPO
dataset), so using the PDA via such a high latency link was not a
major problem. The link was fast enough for the user to actively
steer the laptop (in front of a live audience) with the PDA; the vis-
ible latency was between 0.5 and 1.5 seconds, depending on the
dataset (such as time for the laptop to re-render the scene, etc.).

We must note that the size of the avatar was an issue; depending
on the scale of the dataset, the avatar could be so small as to be lost
from view when it receded into the distance. We need to add a radar
map or some other method of finding the avatar (such as displaying
the avatar’s name over the top of the image).



6 Future Work

At present, we are only using polygonal datasets. We will extend
our support and rendering services to include voxel and point based
methods; these will distribute across multiple render services. Sub-
set blocks of the volume can be blended, even though they contain
transparency, by considering their relative distance from the view
in the order of blending (such as Visapult [Bethel and Shalf 2003]).

We will investigate image compression algorithms that can react
to network load, such as lossy, incremental algorithms. Such an
algorithm will enable us to maintain a given frame rate, whilst in-
crementally improving the received image if the scene or camera
do not change (forming a so-called “golden thread”—if the algo-
rithm is run for long enough, a perfect image will eventually be
received). This will enable us to run RAVE on very low bandwidth
devices such as a mobile telephone (using a GPRS or G3 enabled
handset).

We will also investigate automatic selection of level-of-detail, to
attempt to maintain a given frame rate and to enable a dataset to be
rendered on a machine with otherwise insufficient resources.

Initially, we have the capability to send either the geometry (for an
active client) or the frame buffer (for a thin client); we will also in-
vestigate distributed rendering, where part of the dataset is rendered
on a render server and remainder rendered locally. This presents a
hybrid between an active client and a thin client, and is akin to the
approach taken in the ARTE environment [Martin 2002].

All image and data compression methods must be switchable,
in case a user requires perfect detail and is prepared for slow
frame rates (an example would be a medical practitioner examin-
ing data—they do not want important image detail obscured by a
compression artifact).

The current GUI contains too much information for a casual user,
and should be considered more of a testing interface. We will im-
plement another GUI that merely requires the user to enter the URL
of their dataset and a session name; the GUI can then use heuristics
to determine which is the best data service to select (possibly a ser-
vice with the dataset already loaded). Heuristics can select to run
an active client or a thin client, again determining which is the best
render service to use if required.

Issues were found when attempting to discover how much memory
a given data or render service instance occupied. RAVE services
occupy a Java Virtual machine (JVM) that is shared with other web
services on a given machine, so the total amount of memory used
by the JVM does not reveal how much memory an individual in-
stance is using. We have added a simple guesstimate at present (by
enumerating the underlying scene graph and counting vertices, pa-
rameters, etc.), but are working on a general purpose approach via
introspection.

We will rerun our experiments across Britain, linking Cardiff to
remote sites with RAVE. This will enable us to evaluate the user
experience, and discover exactly what is required to support the
collaborative aspect of RAVE.

Finally, we will consider the distribution of the data across sev-
eral data servers, to match our render service workload distribution.
This will alleviate any bottleneck in our system, and also support a
fail-safe mechanism, where data servers could mirror each other.

7 Conclusions

We have presented a novel and highly capable visualization frame-
work that supports heterogeneous resources, in terms of system ar-
chitecture and system resources. This has enabled us to support a
wide and diverse range of devices ranging from a PDA (which has
minimal local resources) to an SGI Onyx server, along with various
workstations and desktops that fit between these two extremes.

Heterogeneity has been used to enable a C++ based client to com-
municate to a Java-based server alongside Java-based clients with-
out any consideration being made of the source/target implementa-
tion language.

Our framework supports collaboration, enabling a hand-held de-
vice to interact with a user in an large-scale environment (such as
a Portico WorkWall or a projected display). This also enables the
PDA to be used as a private display by the presenter, and then to
remote-control the publicly visible display when required (all from
the PDA).

Our work shows that Java3D can be used to visualise highly com-
plex datasets, and also support devices as a background service
without disturbing the local user. This promotes the use of ren-
dering hardware to support remote users, rather than just for a user
sitting in front of a console.
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