Visualizing the City / Michael Batty

Historical Antecedents

T he city has been the focus for computer
graphics and visualization ever since computers
were invented over 50 years ago. Graphics
were first used to visualize the workings of
the machine but were quickly used to simulate
various processes and representations, first in
2-dimensional space, then 3. Early visualizations
of buildings and landscapes were plotted off
line using plotters or tubes where the focus was
on literally constructing the line graphics and
there were also attempts from the mid 1960s at
using line printers for overplotting symbols, thus
creating the impressions of raster maps. Some
early examples are illustrated in Figure 1 but it
was not until the unambiguous association of
computer memory with graphics heralded in the
early 1980s through the micro-revolution, that
visualizations of cities really began in earnest
largely from two directions: from applications of
CAD where the focus was on precision and from
applications of games where the focus was on
realism often through various kinds of illusion
and approximation.
Into this nexus came geographic information
systems (GIS) which sought to generate analysis
of geographies through display which built on
computer cartography. The essential difference
between GIS and all other forms of mapping
and graphics was their focus on the analysis of
what was being displayed through embedding
various functions into their software which
enabled users to add value to their data, to
embed models within their systems and even
to make predictions. Here for the first time,
representation which still dominates graphics
and visualization was being extended to function
and even to simulation.
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In this lecture, I will describe the
history of how cities have become
the focus for visualization, for
developing new ideas and tools
as well as for demonstrating their
wider applicability to design and
policy-making processes. There
are many variants on this theme
of visualizing cities and I will
attempt to set these in context
as well as describing some of the
challenges to the field which will
dictate the research agenda in the
coming years.

Figure 1: Early Computer Graphics: Line Printing and Vector Graphics
(a-Left) Line-Printer Graphics*. (b-Above) CAD Vector Graphics from a Display Tube**.
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When we speak of models in the domain
of cities, there are now two very different
traditions. City models tend to be visualizations
of iconic representations from architectural
traditions where the focus is on the aesthetic
manipulation and planning of the city. Urban
models, although the term is interchangeable
with city models, come from a focus not on
representation but on structure and process
which embody notions about how the city works
and functions. In so far as representation is an
issue, then these models might display their
outputs as maps and even in 3D form but the
focus of their simplification of reality is quite
different from city models which embody the
concept of the virtual city. GIS tends to cut
across both types but even in this domain, the
focus is more on representation. In fact as we
will note in the section below on challenges,
there are now many opportunities for embedding
city models into urban models and vice versa, in
fusing these different traditions and in enhancing
representation by functional simulation and
functional simulation by representation.

Figure 2: Constructing the
Virtual City from Physical Layers

(a) Bare Earth DEM

Ideas and Applications
The two forces in computable representation of
cities from CAD and from computer games are
both giving way to much more intelligent systems
which treat the geometry of the city as simply
one way of visualizing data. In this sense, the
cutting edge lies in GIS and in particular in 3D GIS,
despite the fact that the software which enables
this is quite static and cannot deal easily with any
kind of dynamics or changes involving geometric
or other attributes of representation. GIS is at the
cutting edge of visualizing the city because other
media can be embedded in GIS while visualization
of the city in 3D is only one view of the city
from the variety of data that is embedded and
populated within the GIS. There are in fact severe
limits on GIS for such visualization but we will
address these in the challenges to this field a little
later. For now it is worth indicating how such
models are currently constructed with reference
to our own work in London.
The model that we call Virtual London is in fact
built up in layers, with geometric and physical
data used for the base. A digital terrain model
from remotely sensed data – from LiDAR data
– is first taken as the base onto which a high
resolution aerial photograph is draped as a second
layer. This is to give the base some texture and to
impress objects on the scene such as roads which
are not digitized in greater detail. Then we place
the basic land parcel and street data from vector
maps onto the terrain and extrude the land
parcels and buildings within them to the requisite

(b) Texturing the Urban Landscape

(c) The Final Form from Vector Maps and LiDAR Data

(d) Switching Two Buildings on to Illustrate the
Multiple Options
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heights in the third dimension using LiDAR data
once again. The problem or roofing geometry is
also severe and although the data is at a high
level of resolution – 1 meter – we do not yet
have any automated algorithms for resolving the
roof geometries from the dense clouds of points
produced by the LiDAR. We still take median
height. A description of the model is given in
Batty and Hudson-Smith (2005).***
These layers then constitute our basic model
which we show in Figures 2(a) to (c) and one very
nice feature of the GIS and its CAD equivalents is
that we are able to switch the buildings off and
on or in any combination thereof. In our current
model, we have around n=3,601,392 individual
land parcels/buildings/objects out to the edge
of Greater London and this means that we can
visualize trillions of possible combinations of
these objects/buildings, a number which is
well in excess of the number of atoms in the
universe‡. In Figures 2(c) and (d), we show how
we can switch two key buildings on and off
and of course this enables us to use the model
to study multiple urban forms and related
viewsheds. In fact by constructing the model
in state of the art GIS, we are able to generate
excellent viewshed analysis examining the
impact of high buildings.
Of course our ultimate aim with this model is to
populate the entire city in terms of activities
and other attributes that characterize the
streets and buildings. This presents a formidable
challenge as most socio-economic data on
population, employment, land tenure, land
values, house prices, crime and so on does not
come tagged to buildings but to administrative
units such as zip codes and post codes.
Essentially this means that it is hard to translate
such data into the geometric form that presents
our main view of the city although it can be
done in an approximate way. We will return
to this below, but it is quite straightforward
to generate other layers in such models of a
physical nature. In Figure 3, we show two. We
are able to raise the level of the River Thames to
any height and crudely flood the model and this
is an evocative application which is relevant to
climate change. We show what happens in Figure
3(a) when the level of the Thames rises by one
meter and we have animations that show what
happens when the river rises up to 10 meters,
an event that could occur if the Greenland ice
cap were to melt! In Figure 3(b), we show how
we can add air pollution layers to the model and
this is smoothed data from real time air pollution
sensors – in this case recording levels of nitrogen
dioxide –closely associated

with traffic in the city. In fact the visualization
shows intensive concentrations at start and
stop points – the main intersections and across
bridges and in tunnels. As yet we have not been
able to generate layers of underground facilities
such as subway lines for security reasons but
technically it is a straightforward matter to
extend the model underground to capture such
3D movement layers.

Figure 3: Additional Physical Layers
based on Flooding and Air Pollution

(a) The Thames Rises by One Meter

(b) Nitrogen Dioxide Layered onto the Form

The key driver of our application and the
main focus of virtual city models are in
communication and dissemination and for this
rather generic model we envisage several
possible constituencies or audiences. The main
focus so far has been on providing professionals
with tools for urban planning and design. Our
model (as I will show in the lecture and later in
the panel discussions) stretches out across all
administrative units in Greater London and it
is available in Google Earth for all the planning
agencies in the capital. As yet we have not
embodied much functionality into the application
although if embedded in GIS there is extensive
functionality anyway, but in Google Earth we are
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currently adding new layers and the very fact
of intersecting the geometry with these new
layers is useful and informative. Of course our
focus is also on community groups, on developer
and less expert constituencies. As yet we have
simply taken various media from the model,
such as the panoramas that are embedded
within the GIS and made these available on more
general web sites focused on planning in London
such as www.yourlondon.gov.uk. In terms of
embedding it into specific communities for public
participation, we are currently considering its
use for sustainable community planning but
this is an intensive process that has only just
begun and in all these potential applications,
there is much work to be done in interfacing
this kind of models with other techniques and
tools. Moreover the general context of such
participation is one of narrative, not of formal
modeling, and in this sense, such tools are aids
to decision support.

Challenges and a Research Agenda
There are enormous challenges in improving,
extending and applying methods for visualizing
the city through virtual city models. Technical
issues abound, ranging from the need to
automate the geometric construction of such
models paying attention to the rigors of getting
the geometry correct from LiDAR and other data
to enabling detailed rendering of a form that
users are comfortable with. This quest is almost
indefinite in that such models can be improved
continuously with little end in sight.
But these are routine issues compared to
populating the model with good data. The
power of spatial information systems can only
be realized if such models are full of data and
information which can be queried intelligently so
that different layers of information can inform
different perspectives, thereby adding value to
data in ways that are intrinsic to visualization.
Progress here is extremely slow. Related to this
is the notion of temporality and dynamics. Data
and the city change quickly through time and
such spatial databases are not yet designed
to visualize such changes. Temporal change is
often represented simply by new spatial layers
but this is quite unsatisfactory for real analysis.
Moreover embedding different temporalities into
such models can be very confusing: for example
navigating around the model in fly through mode
when the city itself is changing is quite difficult
to manage no matter how enticing.

This relates to the other notion too that
functional models are beginning to merge with
representational models. Mathematical models
of movement and traffic flow, of location and
change, can be now fashioned to use these
styles of representations in their visualization.
This introduces yet a third kind of time into the
model – moving objects in real time, navigation
by the user and slower changes in time as
buildings and the geometry changes. All this
needs to be thought through in detail
Last but not least in this very brief summary
there is the question of the graphical and related
interfaces and the way these models might be
fashioned for use by different constituencies.
We need to develop these kinds of models in
situ with those who are the users if we are
to be able to develop this sort of activity in
a way that is most useful to policy making,
design, management, and prediction. These are
issues that we will address more directly in the
presentation of these ideas to SiGradi 2006.
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a very large number when n=3,601,392.
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