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Abstract
The availability of large scale computer urban models promises to radically improve the
effectiveness of urban design policy-making and development control. A key question
in the implementation of such models is how the balance between abstraction, accuracy
and realism influences the effectiveness of their use. This paper discusses and illustrates
the issues involved, with a computer model of the City of Adelaide as example.
1.

Urban Design and the Development of Cities

Urban design encompasses "the spatial and territorial organisation of human realms:
namely, the study of the relations between indoor and outdoor spaces and private and
public territories on scales or levels ranging from single dwellings and dwelling clusters
to service centres and towns and cities. Furthermore, appropriate urban design aims to
provide, facilitate, and rationalise the creation of pleasant, livable, familiar,
controllable, communicative, unambiguous and sustainable urban and living
environments" (Binno, 1995). Urban design has become a major concern in recent
years, spurred by widespread professional and public dissatisfaction with the cumulative
effect on Australian and overseas cities of a multitude of individual development
proposals initiated in the 1970's and 80's and recognition of the interrelation of design,
economic, environmental and social well-being. The city of Adelaide, Australia,
provides a prime example of this dissatisfaction, with a widespread view that 'better'
urban design would have enabled the creation of a City Centre that was more attractive,
and more supportive of economic and other objectives, than we now have. Urban design
guidelines, providing advice for future developments, and urban design panels,
providing expert critiques of development proposals, have both proved useful but
limited by the difficulty in visualising and comprehending the implications of the
development of any object as integrated and complex as a city.
Public authorities charged with the responsibility for development control have adopted
public consultation as a mandatory stage in the approval process at least for
'noncomplying' or 'subject to consent' forms of development. The process for this
public
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consultation is now quite well established and the authorities normally rely on
architects and planners to supply varying media to describe the development and its
impact on the surroundings. Traditionally, the written documents (plans, elevations,
perspectives, photomontages, etc) have been static two dimensional representations of
proposals, subject to abstract representation and 'artistic license' and unable to fully
convey the interaction of the development with the surrounding urban fabric. Through
work that the City of Adelaide undertook with the University of Adelaide it became
evident that the majority of the public that come into contact with the development
control process can not read plans and other two dimensional drawings.
2.
Public and Council Reaction to Computer Models of Cities and
Developments
An obvious approach to avoiding these problems is to simulate the present and possible
future appearance of urban environments through computer modelling. Users of such
models have emphasised their value in discussions about the future of the modelled
areas (Day, 1993; Day and Radford, 1995). In Adelaide, a large-scale 3D computer
urban model was established early in 1996 and trials of smaller-scale computer
modelling of the neighbourhoods of development proposals were held with the City
Council, using retrospective case studies and current applications. Working with the
public in these trials, it was fascinating to see how individuals reacted to animated 3D
models compared with 2D plans. The majority, if not all, accepted the technology and
were keen to interrogate the models to satisfy their needs in terms of impacts from their
perspective. This 'interrogation' aspect offered the public a new dimension not before
offered as part of the process. Once people had gotten over the 'razzle dazzle' of the
models, they often became quite demanding, asking for views into or out of the
development sites, overshadowing predictions, etc. The end result of the trials was
certainly that the public were better informed and armed with the information they
needed to make a decision on their representations, and the Council's Development
Assessment Committee was left with no illusions about the concerns of the public
about the modelled developments. If, to quote the old saying, 'a picture is worth a
thousand words', how many words is a fully textured and animated urban model worth?
3.

Abstraction, Accuracy and Realism

How far to go in seeking 'realism' was a question which constantly arose. The two main
concerns from the City Council's point of view were time and cost. In an orthodox
modelling of a building and the presentation of that model there are several stages. The
following table shows experience in making models of two 1996 development
proposals and their immediate neighbourhoods in Adelaide, using the two CAD
systems ArchiCAD and AutoCAD. Turning block models into 'realistic' models is a
time-consuming process.
In general, high levels of abstraction (for example, representing a building by a block
projection of its ground plan) facilitates both the making and imaging of computer
models. There is an enormous increase in computational and human effort in ensuring
accuracy and adding accurate detail through increased degrees of measurement of the
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'real' world and precision in its representation in the computer model, and increased
levels of detail. There is an important distinction between accuracy and realism, where
the latter is the impression of a 'real scene' that is given by an image of the model.
Realism, by borrowing or generating images of texture, sky, and detail, can be readily
achieved in computer modelling, but the result may have little real bearing on the
'reality' of the situation. For example, images of nature generated using fractal geometry
look 'real', but do not represent any actual object or scene. There are complex
interrelations between accuracy, precision, realism, and distortion in the presentation of
such images.

Figure 1. Design proposal for an Adelaide house modelled with varying levels of
detail
with shadows at mid-day in mid-winter. For many purposes the more abstract models
are adequate.

Table 1. Percentages of total times for different stages of a development proposal
modelling and presentation process.
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3.1 ABSTRACTION
Issues in abstraction include:
• The relative importance of roof (skyline), facade, and massing detail in the simulation
of large-scale urban form.
• The role and importance of colour.
• The role and importance of shadows and reflections.
• The role and importance of ground detail and texture.
• The role and importance of 'activity indicators' such as traffic, people, etc.
• The role and importance of modelling trees and other plants.
The Adelaide City Council's aim was that models of development proposals be required
from applicants as a part of submissions for development approval in the future, with
such models to be 'dropped into' a model of the surrounding urban fabric for context.
Strict timelines from the submission of the developments through public consultation
to approval necessitate efficient and cost effective development of the models to make
the process feasible. The level of realism possible today is evident to the public when
they turn on their television sets, but to emulate this level of quality graphics is still
extremely costly and time consuming. Relatively simple block models with a medium
degree of architectural representation were clearly perceived as being superior to 2D
plans. The use of the block models for 'fly-overs', 'walk-throughs', overshadowing, etc.,
better communicated the development impacts and were useful in demonstrating the
developments' compliance with urban planning guidelines. Although crude abstractions
of the real world, the block models used were dimensionally accurate as envelopes of
the more highly modelled real buildings. Their augmentation with rendered textures or
actual photographs of the existing urban fabric dramatically raises the realism of the
models and the public more readily identifies with the locality. However, the time,
effort and cost of this augmentation is significant and research is needed to demonstrate
the cost/benefit of going this further step.
3.2 REALISM
Issues in 'realism' include the effectiveness in imparting realism of techniques such as:
• Mixing 2D images from a model with digital photographs or video from the site
situation, and images 'borrowed' from other locations, to provide the sense of visual
detail, colour, texture and 'grain' familiar in photographs.
• Mapping of 2D elevational images onto 3D block forms
• Using generative rule-based computer systems to simulate urban detail.
In most visualisation systems so-called 'material textures' are represented as precaptured
images, procedurally generated images, and through changing the reflection and
transparency properties of surfaces and objects through combinations of the above. The
first of these, precaptured images, provides a way to bring images taken from a real
environment into a visualisation system. In essence, a digital photograph of a building
facade is used as the basis for a texture, which is assigned to the surface of an idealised
building form. Such images are then placed in perspective by the visualisation program,
and visually approximate the appearance of the building. Facade images need not be
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taken perpendicular to a facade to be used in this technique. 2D image manipulation
programs provide perspective transformations by which a bit map of a building facade
in perspective can be differentially stretched (or shrunk) to the shape of the actual
building facade being modelled.
The advantage of using precaptured images is clearly speed; it is generally faster to
photograph and paste than to model. Such images provide good context in a
visualisation. Their disadvantage is revealed, literally, on close examination, for they
are of finite resolution and are adamantly two-dimensional. When a pixel in the
precaptured image begins to occupy several pixels in a visualisation, the illusion begins
to dissolve.
Many neighbourhoods, especially the ones we recognise as having 'good character',
comprise buildings with common design, construction and siting characteristics. As
shown by Flemming (Flemming 1985, Flemming 1987), plausible buildings can be
generated in such neighbourhoods by a spatial grammar developed from a sample of
exemplary buildings from the neighbourhood. Adaptations of the grammar can produce
buildings with different functional characteristics (for example, attached garages) while
retaining many formal characteristics from the neighbourhood. In urban modelling, we
are concerned both with the representation of existing building form and with the
prediction of possible future forms.
With respect to existing form, a spatial grammar system can capture some aspects of
buildings typically covered by urban design guidelines. Buildings generated by such a
grammar could be arranged (again following grammatical rules) into neighbourhoods.
Changes to the underlying grammar would then model changes to the urban design
guidelines and the example neighbourhoods generated by the grammar would stand as
examples of likely futures given by a set of guidelines. To our knowledge, no such
application of grammars has yet been made, although Rabie (1991) also proposes the
generation of urban 'texture' in exploring the future form of cities and Radford and Day
(1996) use the implicit rules of urban design in Georgian Bath in the generation of
hypothetical extensions to that city.
3.3 ACCURACY
Issues of accuracy include:
• Accuracy of location, geometry and form
• Accuracy of colour and texture
• Accuracy of lighting
• Accuracy in the representation and transparency of vegetation (for example, how much
one can see 'through' trees obscuring a building)
• Legal liability
Accuracy is particularly important with issues such as overlooking and view
maintenance, where residents affected by new development are likely to be very
unhappy if they feel that the model has mislead them. Sometimes it is necessary to be
'inaccurate', as in showing more transparency in tree vegetation than is present in reality
in order to simulate the impression of a view through trees of a building facade that is
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obtained by a person moving view angles slightly to get a series of partial images
between leaves and branches.

Figure 2. Street trees, using 2D images of trees which are represented on two vertical
planes which intersect on the tree trunk The tree image has been severely 'pruned' to
allow the building to show behind the tree. Overall view (left) and detail (right).
One aspect of the task of ensuring accuracy presents considerable technical difficulty.
When using digital photographs, it is essential that the location from which the
photograph was taken and the direction (altitude and azimuth) of the camera be known
to sub-metre accuracy. Three options were considered. Conventional surveying
techniques were thought to be too labour intensive. Global positioning technology with
this degree of accuracy appears to be too expensive and unreliable in an urban context.
The preferred technique, at this stage, appears to be use of a developed version of the
Adelaide City Model that provides sufficient site features for accurate relative location
of a camera. This technique would require use of a computer on site, a requirement
which would already exist for downloading the digital images on site to verify them.
Such accuracy is not always important. For the University of Adelaide New Science
Building project, computer modelling simulations were used to establish a general
impression of how the view from the adjoining street to the portico of the University's
Library would appear if a major obstructing building was demolished, as a part of the
debate about redevelopment strategies for that part of the campus. The camera was
necessarily positioned on the library side of the building to be demolished, and the
view constructed using a model viewpoint some 30m further away from the library. The
photograph image was then distorted to fit the appropriate surfaces of the model.
There is a mix in this single image of different degrees of abstraction, accuracy and
realism. The two flanking buildings are abstract; they were not yet designed, and are
indicative only of general massing. The basic geometry of the urban space is accurate,
taken from the University's 2D CAD database of its grounds. The rendering of the
library portico is realistic (from a photograph) but inaccurate (the photograph was not
taken from the position of the image viewpoint). The foreground trees are from a
photograph taken from the correct view position, but digitally edited to allow more of
the view to appear. Overall, although inaccurate, the impression is sufficient to assist in
the decision making process.

CAAD futures 1997 Digital Proceedings

685

Figure 3. Part of 3D model of the Adelaide University campus (top left) with view
from street 'through' existing building (top right) and 'pasted' parts of photographs
from actual viewpoint and viewpoint beyond existing building.
Another interesting issue is accuracy in modelling lighting, particularly night-time
lighting. With the complexities of luminaire fixtures, it is difficult to accurately
represent illumination on a model. Radiosity models can produce effective photometric
simulations of diffuse lighting with soft shadows given accuracy of colour rendering
and distribution data, but the effort required is considerable.
4.

Abstraction, Accuracy and Realism in the City of Adelaide Model

Adelaide University's National Key Centre for the Social Applications of Geographic
Information Systems (GIS), in association with the City of Adelaide and Maptek (a
software developer/provider), has created a 3D block model of the City which was
demonstrated at the UN Habitat Conference in Istanbul, June 1996. It was also used
extensively in promotion of proposals for revitalising the City Centre under a joint
Federal, State and City government under the title of 'Adelaide 21'.
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With the development of 2D GIS in the early 1960's, and their general acceptance as a
spatial data storage and analysis tool during the 1980's and the early 1990's, a data
collection revolution commenced. At least five different government institutions
(local/state levels) collected spatial data for the central business district (CBD) of
Adelaide. The initial 3D Adelaide Model was constructed using these data sources, with
no new data being acquired. The availability of this data meant that the base 3D model
could be constructed in less than two working days.

Figure 4. The Adelaide City Model, essentially a 'block' model mixed with digital
photographs.
The data collected for the CBD of Adelaide was road centre lines, building footprints,
sewer pipes water pipes, electrical cables, electrical ducts, precinct boundaries, zoning
boundaries, and a digital elevation model. The geometric accuracy for the spatial data is
unknown as the root means square errors for registration of the data and other
metaknowledge regarding the spatial data transformation were not correctly recorded.
Yet in defence of each of the five participating agencies, it must be noted that when
their data sets were fused together the small number of overlap errors between the
datasets was very encouraging. Transposition of the 2D GIS data into the 3D
environment entailed attributing Z values to each spatial feature. The first step in this
process was the registering of each data layer to the digital elevation model. This
process attributed a Z value to every X Y node/vector within the data model.
Extrapolation of the building footprint polygons to their 3D heights entailed allocating
the specific height as listed in the database to each vector. Once allocated, each polygon
was then triangulated using software options into a block model. Colour attributed to
each building represented the building height as a function of the number of floors.
Sub-surface feature Z values were not listed in the database, thus expert heuristic's were
used to allocate them to their appropriate depth. The database values that were attributed
to the graphic primitives were the diameters of the pipes and the material from which
they were constructed. The visual representation of this information provided some
interesting insights into the sub-surface networks, for example pipe diameters varied in
an interesting pattern throughout the city.
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The block model is combined with aerial photographs of the surrounding park lands,
suburbs and street network, and of the major squares in the City. The result is
surprisingly realistic when the views are those of the city as a whole, or of large
segments of the city. It also works well in animated sequences where the lack of
modelling detail is less apparent when images change quickly.
The data in the initial model provides a base and context for local areas modelled at
much greater detail. Interestingly, small areas of detail (such as well-known 'heritage'
buildings) add much to the overall sense of realism in the model.

Figure 5. Model of part of the East End of the City of Adelaide, with detailed facade
model for the retained 'heritage' edge of the East End Markets.
The Adelaide City Model is intended as a tool for strategic planning in many fields,
including infrastructure and emergency service provision. Our main use of the data so
far has been in the provision of context information for models of a development
proposal. The use and gradual enhancement of the Adelaide City Model provides an
efficient means of providing this information.
5.

Modeling Purpose and Modeling Criteria

The appropriate level of detail depends on what the issues are for a specific development
proposal.
5.1 STREETSCAPE
Streetscape contribution probably depends more on what is happening at ground level,
what is perceived by the passer-by, than on the actual building. Example issues are how
transitions are made from inside to outside, vertical to horizontal, and artificial to
natural. Issues of massing, street presence, use of materials and detailing of the building
can be evaluated in its future context from virtually any viewpoint. In addition, because
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the building model and its future context can be created in real world units of measure,
all surfaces can be modelled to represent the proposed building to whatever level of
detail is required to understand how it will look when finished. Normally very little
detail beyond windows, doors, balconies, verandahs, and roofs is necessary to grasp the
designer's concept, but the latitude exists for more and is not limited by issues of scale.
The appropriate level of "realism" necessary to provide contextual information (such as
footpaths, vegetation, cars and people) remains, for us, a matter of some debate.
5.2 SUN SHADE AND SHADOWING
Our experience suggests that a basic block model with accurate roof representation is
sufficient to generate the sun shade and shadowing information. For clarity,
neighbouring buildings could be modelled to a slightly simpler form or in another
colour to connote their role as "background". However, at too abstract a level, the
uninitiated viewer may lose the relation between the blocks on the screen and the
buildings which they represent. Solar access issues can be explored with a simple
massing model which includes adjacent and pertinent surrounding buildings to the
same level of detail.
5.3 OVERLOOK
Overlook issues require the representation of openings in the building envelope of both
the proposed and adjacent buildings to simulate views from those windows and into the
adjacent buildings windows, or garden. Windows and doors help the viewer to
understand the scale and proximity of adjacent buildings. Our experience suggests that
general overlook issues are flagged with the basic block modelling of the proposed
development and its closest neighbours. However, the addition of windows, doors, and
balconies to all buildings modelled would be preferable for more in-depth study. With
this simple articulation, simulated views out of the proposed building and into adjacent
properties and buildings can be created. Such elements also add a sense of scale and
interpretability to the model, so would be important for viewers with little or no
experience reading 2D or 3D building representations.

Figure 6. Comparing overlook with existing (left) and proposed (right) building
developments on adjacent land. Realism is unimportant for the purpose of the image.
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5.4 COMPATIBILITY
Compatibility issues may only require the simplest massing model if scale or distance
to boundaries is the problem, but may require a model of relatively high detail if
appropriateness in the streetscape from the perspective of a passerby is the problem. It
may be necessary to provide greater detail where lay people need to understand and
relate to the resulting images than where they will be viewed and understood by
professional staff used to abstraction in representations.
The compatibility of the basic massing of a proposed building is best evaluated in the
larger context of its surroundings, not necessarily limited to the adjacent properties
sharing a boundary with the site in question. Beyond this general appropriateness,
varying levels of detail are required to assess its contribution to the streetscape and
neighbourhood overall. Use of an city model comprising only geometric block forms
(as in the extant Adelaide City Model shown in Figure 1) as context for controversial
proposed developments within the city square mile is reasonable and efficient. The only
draw back to this large database of 3D information is the lack of facade and building
detail information required for proper interpretation of the buildings on close
inspection. Adding facades and surface details to the buildings in the Adelaide City
Model is currently being explored through the use of digital imaging. This is an
important extension of the City Model, and will increase its usefulness to the city to a
large degree. We have found that digital imaging, used as both foreground and
background, may also be a fast and reliable way of adding information about the
existing surroundings to our representation of the development application being
modelled.

Figure 7. View of new car parkas backdrop to existing building, seen from street level.
Considerable detail is needed for such close comparisons. (Model by Adrian Price)
5.5 MARKETING
For marketing and public relations, there is generally opportunities to mix images from
high and low detail parts of the model and to mix 'real world' video with model
animation. The Adelaide block model has been used very effectively in this way in
promoting the City. The detail in the model needs to be related to the video story
board, and in our experience it is important to decide the story board while still
constructing the model.
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6. Conclusion
Any attempt to provide a realistic representation may be counterproductive if the model
makers' view of reality does not match the final product. There are often advantages in
visible abstraction; several CAD vendors offer paint routines to reduce the realism of
their models. With detailed aspects such as matching materials and colours for heritage
developments we need to use care or clearly state the limitations of the models.
Environmental aspects such as lighting levels, sun light, glare, shadow and reflection
can dramatically influence the viewers impressions of a model and a good deal more
work is needed to establish guidelines on the appropriate integration of these aspects.
At the time of writing, the City of Adelaide is continuing to develop ways and means
to have, at least major, developments modelled in 3D at the time of their development
application and is continuing to work with the University towards this end. Both
players have their own goals. The City is concerned inter alia with the improvement of
both its processes and the physical fabric of which it is comprised. The City is also
cautious of the public's acceptance of these models, believing that once they are
introduced the public will expect them to be a normal part of the development approval
process and will become more demanding. The University sees opportunities for a
virtual urban laboratory for students, for community service in development of a
comprehensive model, and for research opportunities in the social and professional
applications of technology. These goals appear to share objectives through the joint
development of urban models and urban modelling expertise.
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