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Abstract

We present an architecture for remote, collab-
orative visualization of datasets over the Grid.
This permits an implementation-agnostic ap-
proach, where different systems can be discov-
ered, reserved and orchestrated without being
concerned about specific hardware configura-
tions. We illustrate the utility of our approach
to deliver high-quality interactive visualizations
of datasets (circa 1 million triangles) to phys-
ically remote users, whose local physical re-
sources would be otherwise overwhelmed.

1 Introduction

Grid computing, based on service-oriented ar-
chitectures such as OGSA [7], permits users to
remotely access heterogeneous resources without
considering their underlying implementations.
This simplifies access for users and promotes the
sharing of specialised equipment (such as render-
ing hardware).

Visualization is also an emerging field, taking
advantage of more powerful rendering capabil-
ities. Such rendering hardware is highly spe-
cialised, enabling users to visualize extremely
complex datasets. This hardware is often ex-
pensive and placed in a central location to be
shared by users.

The motivation behind the Resource Aware
Visualization Environment (RAVE) arises from
the desire to both investigate how interactive
services can be supported within a Grid infras-
tructure and to break the constraint on physical
co-location of the end user with the high capa-
bility visualization engines.

2 Previous Work

We now review various remote visualization ap-
plications, paying particular attention to Grid-
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enabled applications.

OpenGL VizServer 3.1 [10] enables X11 and
OpenGL applications 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.
OpenGL applications display on all collabora-
tors machines, with one user at a time being in
control of the application.

COVISE [12] is a modular visualization pack-
age, where one user is the master with control
over the entire environment, whilst other users
are slaves that can only observe. COVISE takes
advantage of local processing on the slaves by
only transmitting changes in data.

The RealityGrid project has implemented
a collaborative Problem-Solving Environment
(PSE) [11], where a central server coordinates
the available resources. Output data is rendered
remotely (receiving raw data from the simula-
tion), with the final frame buffer being sent back
to the client.

The e-Demand [6] project is implementing a
PSE on the Grid, where each module in the en-
vironment is represented by an OGSA service.
Multiple rendering services or multiple presen-
tation services can be deployed, to form a col-
laborative environment.

IRIS Explorer (a Modular Visualization Envi-
ronment) continues to be used for collaborative
research, such as the gViz [4] project which aims
to Grid-enable the COVISA collaborative visu-
alization tools.

The SuperVise [8] project investigates the
use of Grid technology for visualization, where
phases of the visualization pipeline (such as
data filtering, geometry transformation) are dis-
tributed on different hosts for execution.

Current visualization systems often make as-
sumptions about the available resources; for in-
stance, COVISE assumes local rendering sup-
port, whilst OpenGL VizServer relies totally on
remote resources. We wish to produce a system
that can make use of available resources, either
local or remote, and react to changes in these
resources. To this end we have created the Re-
source Aware Visualization Environment.



3 Architecture

To implement our visualization system, we have
four components: a data service, a render ser-
vice, an active client and a thin client; this archi-
tecture is presented in Figure 1. Our data and
render services are implemented as Grid/Web
services, enabling us to advertise the availabil-
ity of resources through WSDL and UDDI. Users
can then automatically search for supporting re-
sources and access them remotely, rather than
having to co-locate with the resource.

3.1 Data Service

The data service imports data from a static file
or web resource (at present Lightwave, Wave-
front or VRML format). This data repository
forms a a central distribution point for the data
to be visualized. Multiple sessions may be man-
aged by the same data service, sharing resources
between users. RAVE supports “bridging” ser-
vices, forming a direct link to an external ap-
plication. This enables RAVE to present a col-
laborative version of any external dataset. It
must be noted that there is no commonly agreed
standard for visualization data; hence the need
for multiple file formats and bridging software.
We are currently discussing this with Manch-
ester Materials [13].

3.2 Render Service

Render services connect to the data service, and
request a copy of the latest data. The data ser-
vice keeps the render service up-to-date with any
changes, using network bandwidth-saving tech-
niques such as multicasting. This enables mul-
tiple render services to simultaneously visualize
the same data for little extra overhead.

A user can then interact with the shared data
when the render service displays at the local
console. This permits large devices such as a
FakeSpace Immersadesk R2 to be used, along
with commodity rendering hardware. As render
services contain a full scene graph, a view may
be rendered in stereo or mono as required with-
out additional information from the data service.

Changes made locally are transmitted back to
the data service, propagating to other members
of this collaborative session. The render service
can also render off-screen for remote users, utilis-
ing available rendering resources. Multiple ren-
der sessions are supported by each render ser-
vice, so multiple users may share available ren-
dering resources. If multiple users view the same

session, then a single copy of the data is stored
in the render service to save resources.

3.3 Active Client

Where a user cannot install a local web service,
or if the available render services do not support
off-screen rendering, an active render client can
be used instead. This connects directly to the
data service, rather than via a render service.
This enables us to support a wider range of users
and hardware.

3.4 Thin Client

Whereas the render service is a render-capable
client for the data service, a thin client (such as
a PDA) represents a client that has very modest
local rendering resource. The thin client must
make use of remote rendering, so it connects to
the render service and requests off-screen ren-
dered copies of the data. The local user can still
manipulate the camera and the underlying data,
but the actual data processing is carried out re-
motely whilst the local client only deals with
information presentation. This approach can be
used by any client whose local resources would
otherwise be swamped with data (for instance,
a slow desktop PC or a PDA).

4 Implementation

We now discuss the important parts of our im-
plementation as Grid/Web Services, highlight-
ing areas that may be of use or concern to fellow
implementors.

4.1 Data Transfer

Grid/Web services are used for the initial hand-
shake and data request, when we then drop
down to TCP/IP sockets for fast direct trans-
fer of live data. The Globus Toolkit 3 (GT3) [9]
Java API does not support memory-to-memory
data transfer, instead using an enhanced FTP
protocol to transfer files. As we wish to send a
continuous stream of live updates, we must re-
sort to direct TCP/IP socket communication.

4.2 Language and Graphical API

We have selected Java as our implementa-
tion language, as there is plentiful support for
Grid/Web services and is cross-platform. The
only cross-platform rendering API available for
Java is (at present) Java3D, so we have to use



Large—Scale
Stereo Display

Object interaction

Rendered
Frame Buffer

Thin Client Render Service

Other
Thin
Clients

Active Render Client

Local Remote
oca
Display Modifications Data
to Scene Source
Scene
Updates
Modifications
Camera position, to Scene

Scene Updates

(and Active Local Client)

Other
Render
Services

Data Service

Figure 1: Diagram of RAVE architecture

this. Note that Java3D is reaching end-of-life,
with a port of OpenGL to Java having been an-
nounced by SGI and Sun. With this in mind,
we have created a simple interface and an im-
plementation that wraps Java3D; this hide the
actual graphics API we are using, in readyness
for a later change (possibly to OpenGL).

4.3 Grid/Web Services

We initially used GT3, but with the announce-
ment that the OGSA model is to converge with
the WS-Resource Framework [3], we have refac-
tored our implementation to also support Web
Services (WS), by creating implementation-
specific wrappers around our core “engine”.

We are using Apache Axis [2] in a Jakarta
Tomeat [1] container, and make use of the var-
ious tools provided to automate as much of the
build process as possible (such as java2wsdl to
generate the WSDL document).

4.4 PDA Support

We selected a Sharp Zaurus PDA, as it runs
Linux and has a high resolution screen (useful for
visualization). This meant that all of our devices
were running a flavour of UNIX (Solaris, TRIX
and Linux), reducing the maintenance overhead.

Our test PDA only supports a subset of J2SE
(J2ME), we cannot use our current Java client.
As we use WSDL to advertise our data and ren-
der services, we are not restricted to a particular
platform or language so use Java for the services,
and C/C++ for the PDA client.

GT3 was overly complex to compile on a PDA
(requiring over 200Mb of intermediate storage),
and had various issues with the C compiler on
the PDA. Instead, we use the C++ variant of
Apache Axis, using tools to create C++ stubs
and skeleton directly from the WSDL document.

5 Initial Timings

The render service was run on a Toshiba laptop,
with a GeForce 420 Go hardware graphics ac-
celerator. This was selected for ease of testing
and portability for demonstration. A 802.11b
wireless card was used on the PDA, which con-
tacted the render service on the laptop via a
wireless access point. Two test models (a skele-
tal hand, ~835kpoly, and a skull, ~475kpoly)
were obtained from the Large Geometric Mod-
els Archive at Georgia Institute of Technology
[5].

A 200x200 true colour (24 bits per pixel) im-
age was transmitted, with timings presented in
Table 1 and a view from the PDA presented in
Figure 2. Total latency represents the time be-
tween initiating a web services call and an im-
age being shown. The time to receive the image
on the PDA is also shown, along with the time
taken to render it on the laptop. It can be seen
that the render time is dominated by the image
transmission (approximately 60%). This initial
implementation of the RAVE architecture only
sends uncompressed images, so we are limited
by network bandwidth.
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Figure 2: PDA screen dump: Skeletal hand

Table 1: Timings for 200x200 pixel image

Model Total Image | Render
Name Latency | Receipt | Time

Skeletal Hand | 0.339s 0.201s | 0.091s
Skull 0.287s 0.194s | 0.062s

6 Discussion

Given the announcement that the OGSA model
is to converge with the WS-Resource Frame-
work [3], we have refactored our implementa-
tion to also support Web Services (WS), by cre-
ating implementation-specific wrappers around
our core “engine”. This has enabled the im-
plementation of a light-weight PDA client using
WS.

Our implementation fits in between COVISE
and OpenGL VizServer, where RAVE can make
use of local rendering hardware if present, oth-
erwise dropping back to use a thin client where
the full frame buffer is transmitted. RAVE is
also unusual in the range of hardware it sup-
ports (from a PDA to a tracked ImmersaDesk).
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