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Abstract

Physically-based modelling is a powerful technique for specifying
the laws and characteristics of Virtual Environments (VESs) and
the objects they contain. In this paper we describe lota, a com-
ponent framework for creating and interacting with multi-body
physically-based models in VEs. In conclusion, we present two
case studies implemented within the framework.

1. The Architecture of the | ota Framewor k

In this paper we describe a flexible component frame-
work for physically based modelling in VR called lota. This
framework consists of a tightly coupled simulator engine
and complexity management module together with a com-
ponent for managing the VE. A high-level view of this ar-
chitecture is shown in Figure 1.
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Figure 1. The lota framework for physically
based modelling in VR

The constraint based simulator [1, 8] is purpose-built
and supports a hybrid particle/rigid body modelling ap-

proach [4]. VE functionality is provided through the GNU-
MAVERIK [6] and Deva [7] systems and integrated into
the framework. Above the low-level component layer lies a
glue layer to enable individual components to be accessed
through a single Application Programming Interface (API).
On top of this layer are a collection of custom modules to
support model construction, rendering customisations and
any other application-specific code. User applications are
implemented in a high-level scripting language (Perl [9]),
and make calls to custom functionality as well as low-level
functionality through the glue layer. Interfaces to all com-
ponents are supported through the glue layer and this pro-
tects the user by only making available functionality which
should be accessed. Low-level simulator and MAVERIK
calls may make some callbacks into user code or custom
modules.

2. Results

This section presents two case studies implemented us-
ing lota. The first is a physically-based simulation of a
Newton’s Cradle, placed within an existing VE. The second
is a simulation of a linked chain which can be interactively
assembled and broken.

2.1. Case Study 1: A Newton’sCradle

In Figure 2 we show a sequence of images illustrating
users interacting with a physically-based model of a New-
ton’s cradle. The model is positioned on the surface of a
desk in a VE representing our research group’s laboratory.
The motion of the balls in the cradle is plausibly simu-
lated [5], and correctly maintained regardless of the number
of balls raised in the cradle or the combinations in which
they are raised. User trials indicated that users preferred
the laboratory model VE with interactive physically-based
models, rather than as a passive environment in which they
could simply navigate [3].



Figure 2. Interacting with a virtual Newton'’s cradle
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Figure 3. Interacting with a virtual chain

2.2. Case Study 2: A Virtual Chain

This case study shows a virtual chain which is allowed
to swing from a point where it is suspended by a horizontal
bar. The sequence of images in Figure 3 shows a distributed
model of a virtual chain being interactively broken and re-
assembled. In this case study, no simplifying assumptions
are made in terms of the number of bodies which can oc-
cupy a joint or indeed which connections can be made or
broken.

3. Conclusions

The lota framework makes contributions in two areas:
the simulator engine and the framework itself. Although we
have used established animation techniques for physically-
based simulation, we have used and augmented these tech-
niques with functionality enabling interactive manipulation
of physically-based models in a distributed VE context.

In conclusion, the lota prototype combines some of the
principles advocated by the Deva model of a hierarchy of
increasingly refined environments together with a simula-
tor engine. This is in contrast with the currently favoured-
approach where the VE application may execute an applica-
tion specific simulation [2] or scripted animation sequence.
In particular, by implementing lota as a component frame-
work the flexible architecture allows us to easily customise
and extend lota, and thus make use of different solvers
which may be more suited to a given application.
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