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In any field, it may be all too easy to overlook the invisible
background practices taken for granted when working within
it. The design of any physical object or environment naturally
takes on board a series of assumptions about three-dimensional
(3-D) space, the seemingly unproblematic background that
serves to define geometry, to measure relations between ob-
jects, and to provide the field for action. These relationships
among shape and form, structure and function, and behavior
and semantics are among the most fundamental questions
studied by science and engineering. The ways in which we
represent and reason about 3-D space has undergone increas-
ing discussion in recent decades, as the variety of different
tasks and requirements are made explicit. The growing reli-
ance on computer-aided design systems for integrated commu-
nication of large, international design teams on more complex
projects has necessitated the development of better standards
by which we can represent space and the objects within it.
At the other extreme, approaches such as those in “embodied”
robotics avoid representation altogether, and use “the world as
its own best model” (Brooks, 1991).

Computational approaches in computer-aided design
seem to fit naturally with a Cartesian representation of ge-
ometry in relation to a single origin, with objects defined
as symbolic primitives. This is powerful and ubiquitous,
but many alternative representations of space may be desir-
able for various other applications and forms of analysis.
Relationships between geometry, such as adjacency, interior
versus exterior, convexity of spaces, which may be self evi-
dent and important to designers require significant addi-
tional computation. Parametric and topological alternatives,
graph-based representations, and distance metrics all play a
role across a variety of disciplines from cognitive and per-
ceptual modeling to virtual reality. Spatial reasoning tech-
niques from artificial intelligence and robotics have found
utility in motion and assembly planning, whereas proce-
dural and grammar-based representations are increasingly
common in architecture, engineering, and construction.
The choice of representation affects the process of design

and should be understood prior to the creation and use of in-
telligent computational applications.

This special issue focuses on 3-D space itself as the one
unifying factor across all domains of engineering and design.
The way in which it is represented and understood is funda-
mental to a diversity of fields. In architecture and urban
design, space is the product of design. In the engineering of
smaller artefacts it is the context in which their parts relate
to one another. In manufacturing it is the environment in
which control systems must operate physical processes. It is
hoped that such an issue could contribute to the dialogue
across a number of disciplines and application areas.

One way to approach this is through formalisms, schemata,
and protocols: the development of standards is one of the
aims of those working in almost any domain. Pieter Pauwels
et al. address the issue of different kinds of representations
head on, and are specifically concerned with communication.
Even if file formats such as .dxf, .dwg, and .obj cannot be
merged, they still ostensibly refer to the same 3-D geometry,
and it should be possible to translate between them because
they have the same semantic content. Semantic web technol-
ogy is shown to be a useful means for doing so.

Such an approach is less about the particular representation
as it is about providing our computational tools with the ca-
pacity for reasoning in 3-D space in a way that is effortless
for the human operator. In contrast, there are tasks thrown
up by computational approaches that have been intrinsically
difficult, and therefore limiting for us. Design approaches
such as shape grammars have potentially been limited by
this, an issue that Frank Hoisl and Kristina Shea take on in
their paper. Shape grammars are often implicitly taken as a
standard formalism. Perhaps unintentionally, a set of formal
rules seems to imply a unique representation for a given cor-
pus of work. As a means to explore certain commonalities,
this has been fruitful, but to date there have been few imple-
mentations of such rules that have been adopted by designers.
Hoisl and Shea acknowledge a criticism that is likely to be at
the root: the rule sets are relatively inflexible and time con-
suming to produce. They propose an interactive approach
that improves the user interface by relying on geometric rela-
tionships among primitives, from which the symbolic rules
can be abstracted. This is parametric, and can be adjusted
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with real values to tune and alter the rule set as needed. The
use of parametric tools has now become commonplace, with
popular adoption in recent years. It may be approaches like
this that fit closely with the new workflow that will help to
realize the potential of grammar and rules-based design
methods.

If the first two papers can be said to address the topic of
spatial reasoning in machines and humans, the second two
suggest a means of representation for spaces in which ac-
tions (movement, navigation) take place. Ermal Shpuza
draws on work that is typically fully embodied in an envi-
ronment, sightlines, movement, wayfinding, and so forth
(which need the full representation of spatial geometry to
calculate at any point), and distills two concise measure-
ments as representation. The application goals here are for
improved visualization, virtual reality and 3-D interaction.
For Ata A. Eftekharian and Horea T. Ilieş, movement is
not the source but the aim, and they are driven by motion
planning and physics-based simulation problems. They pro-
pose a representation that captures the relevant structure so
that this can be easily computed without the full representa-
tion of space.

As we design the systems within which we design, issues
of our perception of space and how it is mediated by the inter-
face become more evident. There are important differences
between psychology of our own perception and any of these
modes of representation. Our every daily action takes place in
a 3-D space to which we relate unproblematically via a suite
of behaviours and conventions practiced for our whole lives,
and it is perhaps for this reason that Michael Glueck and
Azam Kahn draw on their own work in designing compu-
ter-aided design systems at Autodesk, as well as current in-
dustry standards, to review the current state of our interaction
with the virtual environment. They propose that intellection
and navigation, which can too easily be considered distinct,
are intimately related to one another, and should be consid-
ered together. They identify a suite of perceptual cues that
may be leveraged by human–computer interaction and inter-
face designers to give us a better and more effortless percep-
tion of space, scale, and movement within the virtual space in
which we must operate. It may be hoped that such an im-
proved understanding of our natural perceptual abilities
may be a road to better tools, and set the stage for further
research.

The stated theme of 3-D space is superficially precise, but it
may be evident from this issue’s contents alone that the topics
covered were broad. The guest editors gratefully acknowledge
the team of anonymous reviewers from a wide range of di-
verse fields for their insight and sometimes quite varied opin-
ions. We also express our thanks to Professor David Brown,
Editor in Chief of AI EDAM, for his advice and help in editing
this issue of the Journal.

REFERENCE

Brooks, R.A. (1991). Intelligence without representation. Artificial Intelli-
gence 47, 139–159.

Sean Hanna is a Lecturer in space and adaptive architectures
at University College London, Director of the Bartlett Graduate
School’s MS/MRes programs in Adaptive Architecture and
Computation, and Academic Director of University College
London’s Doctoral Training Center in Virtual Environments,
Imaging and Visualisation. He is a member of the Space
Group, noted as one of the UK’s highest performing research
groups in the field of architecture and the built environment.
Originally from a background of architectural practice, his ap-
plication of design algorithms includes major projects with ar-
chitects Foster þ Partners and sculptor Antony Gormley. His
research is primarily in developing computational methods
for dealing with complexity in the built environment, including
the modeling of space and its perception. Sean is on the advi-
sory boards of two related University College London spin-out
companies. His publications address the fields of spatial mod-
eling, machine intelligence, collaborative creativity, among
others, and his work has been featured in the nonacademic
press, including the Architects’ Journal and The Economist.

William Regli is a Professor in the Department of Computer
Science in the College of Engineering at Drexel University
with joint appointments in the Department of Mechanical
Engineering and Mechanics and Electrical and Computer
Engineering. He received his PhD in computer science from
the University of Maryland at College Park in 1995 and BS
degrees in mathematics and computer science from Saint
Joseph’s University in 1989. Dr. Regli has interdisciplinary
research interests and his contributions span several computer
science and engineering fields, including artificial intelli-
gence, network-centric systems, and engineering design and
manufacturing. His research has been sponsored by a wide
variety of organizations (including US Army, DISA, NSF,
ONR, NRL, AFOSR, ARO, DARPA, NIST, NIJ/DoJ, DoE,
NNSA, SAIC, Boeing, Lockheed, AT&T, GE), supporting
over 150 graduate and undergraduate students and producing
over 250 technical publications. He is the recipient of many
awards, including the NSF CAREER Award, NRC Post-
doctoral Fellowship, Fulbright Specialist Fellowship, NIST
Special Service Award, the Drexel College of Engineering
Research Award; and co-recipient of the Army’s 2006 Inter-
national Collaboration and IDGA’s Best NCW Program
Award. Professor Regli is a life member of AAAI and a Se-
nior Member of both IEEE and ACM. His research interests
include artificial intelligence; computer-aided design, and
manufacturing; networking; and application domains, such
as C4ISR, manufacturing, civil engineering, and robotics.

S. Hanna and W. Regli316

https://doi.org/10.1017/S0890060411000187 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060411000187

