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INTRODUCTION

Vector geometrical information systems' (GIS) can be used to hold, display, process and analyse
map-based geographical information (geometry and attributes) for a variety of applications. This
paper will concentrate on those associated with the built-environment. Whilst most other geometrical
modelling software types handle true 3D information, commercial GIS software remains
underdeveloped in this regard. There are a number of reasons for this, one of which is the motivation
for thiswork — that complete and structured 3D data of the built environment is difficult to obtain, for
which good 2D data aready exist. Unstructured 3D point cloud datasets (for example, obtained from
LiDAR) are widely used to augment 2D data in GIS, however, these are unsuitable for gathering data
on underground spaces, spaces hidden from above by overhead detail and spaces within buildings. 3D
built-environment data can be obtained from architects and engineers, but there are barriers to its use
in terms of detail of detail, semantics and georeferencing (van Oosterom et al, 2006). The use of
standards such as the Industry Foundation Classes in architecture (Eastman, 1999; Liebich 2003) and
the emerging CityGML standard for virtual cities (Kolbe, 2003) are helping to address these
problems.
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Figure 1: There are two possible positions for point Ps, which is constrained to distance d;3 from
point P; and distance d,; from point P, (Chen et al., 2007).

The majority of the geometrical models proposed for use in 3D GIS (e.g. Molenaar, 1990; Pilouk,
1996; Zlatanova, 2000) and 3D geoinformation exchange standards (OGC, 2002) are coordinate-
based boundary-representation models. However, they require fully-specified data for their
population. In this paper, a system is proposed, based on the concept of constraint-based modelling
for managing the combination of 2D data with incomplete height data. Constraint-based modelling is
ordinarily associated with design, allowing design constraints to be specific, such that solvers can
automatically suggest solutions. They are applied widely (computer aided design, graphics, user
interfaces) and many types of algorithms solving constraint-based design problems have been
developed (Hower and Graf, 1996). In the building construction industry, constraints can specify the

! This paper only considers vector (as opposed to raster) geometrical information systems.
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geometrical and topological arrangements of rooms, early examples of which are OXSYS CAD,
CEDAR and HARNESS (Eastman, 1999). Geometrical solvers allow geometrical problems layouts to
be constrained through positional, angular and topologica constraints (Chen et al, 2007); see figure 1
for an example. Here, it is proposed that the constraint-based modelling approach can be used manage
incomplete data, by representing them as constraints to a 3D geometrical problem.

The proposed model comprises complete 2D data arranged into topol ogically-connected surfaces.
These are annotated with an incomplete set of ‘height constraints' representing measurements
(including spot heights, specified vertical separations between layers and surface discontinuities),
which constrain the 3D form, effectively ‘pinning down’ positions within layers. From these, a 3D
geometrical solution can be generated, whose quality is dependent on the input data and how well the
congtraints constrain the 3D form of the surfaces. Further height constraints can subsequently be
added, in order to improve the quality of the model. The fact that only measurements are stored (as
congtraints) requires a potentially computationally-intensive process of resolving a 3D geometry, but
it also offers opportunities for quantifying uncertainty in the 3D output. The system proposed is
intended purely for data storage and management, with the output is intended for use in GIS or other
analysis packages.

It is hoped that models based on this approach can allow height data to be better exploited, and
that the generated 3D geometries, can be applied to a similar range of uses to those of large scale
digital mapping data. The surface-based topological structuring makes the proposed model a suitable
candidate for pedestrian modelling applications over multiple storeys of the built environment.
Additionally, 3D datasets of buildings can be potentially used for analysing statistics relating to
buildings, their uses and their inhabitants, especially in multiple-occupancy buildings (Steadman et al,
2000).

REPRESENTATION
Topologically-connected layers

The model — which is based on Slingsby (2006) and Slingsby et al (2007) — abstracts the built
environment (including building interiors) into a series of topologically-connected layers, as shownin
Figure 2, comprising of a topological set of points, lines and polygons. Layers represent the ground
surface on which human activity takes place and the topological connections between layers
correspond to human access between layers, which are stored as a seamless multilayered set. It is thus
limited in representing the 2D footprints of those spaces in which human activity takes place and
connectivity of these spaces.

Figure 2: The topologically-connected layers of the model.



























