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Abstract. This paper focuses on information modelling and proposes a system design
for an urban model encompassing multi-scale data. The system employs procedural
modelling on top of GIS information to allow different simulation tools to interact with
the data. This is a promising approach for an urban information platform integrating
multi-scale urban information to support different simulations important in urban design.
In an initial instance the information platform is used to scale-up and scale-down in
information modelling, linking technologies on different spatial levels, and utilizing the
advantages of different tools to evaluate the built environment. The platform is applied
in Singapore to manage urban data and support urban formation. 			
Keywords. Urban information model; Scale; Urban Simulation; Urban Design; CFD;
Multi Agent System

MOTIVATION
Expanding the scope of sustainability from building scale to urban scale has become an important
research topic in recent years, since the scope of a
single building neglects interdependencies arising
in the urban context. Data has been collected assessing the urban development by means of indicators from sociology, economy, and environment.
However, these data sets tend not to be centralized,
well processed nor connected. This platform stores,
represents and evaluates urban data. It systematical-

ly turns heterogeneous data into information that
is accessible in a uniform way, making it useful for
architects and urban planners.
This project addresses the problem of increasing specialisation of digital tools that demand a high
level of training and practice and are not exchangeable. Most barriers keeping non-experts from using them are caused by the complexity of the tools
themselves. This development is antithetical to the
emergence of user-friendly software environments
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and the generalisation of knowledge of stakeholders and decision makers. Thus, processing urban
information with applicable, user-friendly tools becomes a necessity. This paper advocates for a dataaware solution, combining diverse tools that reduce
complexity and allowing architects and urban planners to use evaluation input from other fields.
A crucial question in this paper is how to integrate multi-source data with its systematics and extract meaningful information from it. An answer to
this question is to utilize the advantages of different
technologies to the benefit of urban design tasks.

STATE-OF-THE-ART URBAN
INFORMATION PLATFORMS
With the widespread application of GIS (Geographic
Information System), solutions have been proposed
for multi-source spatial data integration. Progress
has been achieved in data format conversation, realtime visualization, and semantic representation. But
GIS still mainly functions as a data management and
visualization tools instead of an information platform, because of the missing methods to interpret
the implicit meaning of the data and the limitation
of only location-based data types [10]. To expand
the geographic information from a simple base map
for urban designers to a knowledge base, analysis
methods have to enrich it to make sense of the data
and to deduce new knowledge.

The aspects of time and dynamic interactions are
neglected in GIS. In particular the dynamics over
time, such as transportation, the immigration of
people, the construction and demolishing of buildings, and dynamic rtelations between different data
sets, like the correlation between location of workplaces and residential places, are also not included.
To reveal the continuous changes of the urban fabric
the trajectories of development time and dynamics
have to be included. As urban development must
consider a long-term perspective, the need for urban modelling (Müller, 2012) [1] is an indispensable
capability of this platform. Approaches to represent
dynamic aspects exist, e.g. MATSIM (Balmer, 2008)
uses agent-based simulation to recreate existing
situations. These disaggregated approaches are
not designed to simulate the future development.
Other tools to aggregate urban information have
been implemented to evaluate impacts of changing urban configurations incorporating functions
and behaviour. UrbanSim (Waddell, 2000) or Delta
are incremental simulation tools using historical
developments to simulate incremental change. Nevertheless, since they are based on highly specialised
mathematical models and server based databases
nearly all approaches lack the interoperability with
tools used by architects and urban planers.

Figure 1
System design for the procedural Information Platform
and its interconnectivity to
data repository and simulation applications.
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METHOD AND APPROACHES
The proposed information platform uses procedural
modelling upon a GIS-Database. Parametric modelling has the advantage that it can integrate multiscale data sets and includes spatial and temporal
information, thematic information, and semantic information. Attributes as well as the relationship between them are then formulated and semantically
enriched. The platform can generate and visualize
design scenarios and the user can interacted with it
nearly in real-time.

INFORMATION MODELLING
The information modeling occurs in three steps:
First, multi-scale urban information management motivated by scale-up and scale-down simulation approaches, e.g. Batty (2007) [1]. It is used
to study the behavior of individuals, to foresee the
overall trend of the development, and to analyze the
sequences in between.

Table 1

Total Possible Floor Area

N

Second, parametric urban information models
based on a procedural model [2] reduce complexity, incoherence and uncertainties that exist in urban
information. The information can still be formulated
and parameterized for specific requirements, queries, optimization goals or boundary conditions,
whereupon scientific tools and methods can be applied afterwards.
Third, semantics, which is developed based on
information needed to travel within a city, are applied on the relevant elements of the building stock,
e.g. doors. The shape grammar file of the CityEngine
is a unique programming language speciﬁed to generate architectural 3D content based on the shapes
(Parish, 2001). It uses a different syntax, but provides
the same functionality with the widely used CityGML grammar. This paper takes this cross point as a
basis to integrate procedural modeling and GIS information.
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RESULTS
The proposed outcome of this case study is a 3D
model of Singapore with 156071 buildings. Embedded in those 3D models are statistical data from
questionnaires, interviews; geographic data from
the GIS platform; thematic data from dynamic modelling systems, such as agent-based pedestrian simulation; CFD (computational fluid dynamics); energy
analysis; and information generated by data mining.
One of the applications of the urban information
platform is to estimate the possible floor area of the
whole city of Singapore, the electricity consumption
of the buildings, to generate the urban canopy und
to visualize the wind flow around it.
Applied on Singapore, this urban information
platform was used to estimate the environmental
and social impact, like energy consumption, urban
density of urban space. The following parts elaborate the feature of this information platform from
three aspects: data integration, geometry generation, and applications.

URBAN DATA
Even with an extensive data set including, master
plan One of the most common problems in urban
modelling is noise or voids in the data set. Since we
are using procedural modelling, simple sampling
methods are applied within the model itself. In
the case of Singapore information on the building
Total Building Polygons

height and GPR (Gross Plot Ratio) was not available
in the dataset for each building. By accumulating
GPR values and rating them according to function,
the average GPR was obtained and mapped on the
shapes without data, so as to close the gaps. With
the GPR, the building footprints and the lot size, the
maximal possible number of floors was deducted.

GEOMETRY
Based upon the data stored within the GIS-DB we
trigger different rules to generate the geometry
of the building-hull [3]. This is only possible since
Punggol, a new town at the northern fringe of Singapore, offers a relatively homogeneous building
stock that allows creating rules to generate buildings by shape grammars.
In Singapore 82% (external link a.) of population is living in HDBs (Housing Development Board)
– a highly repetitive building typology created und
supported by the government to house the nation.
These buildings are constructed in clusters, with up
to 50 stories and a limited set of apartment typologies.
With the ground construction survey for the
figure ground plan and picture analysis for the facades in the higher floors rules for construction were
derived and applied. Sets of typologies with corresponding rules ensure that the different characteristics of specific areas prevail. With a highly regarded
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Table 2

# Polygons Total sqcm Avg/M od. M in/M od. M ax/M od.

Wall area

# Polygons

Total sqcm

Avg/M od.

M in/M od.

Number of polygons of a
single building generated for
the building hull by procedural
modeling grouped by type
with image example.
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Table 3
Number of polygons of all
building hulls constructed in
Punggol (October 2010) generated and grouped by type.

Figure 2
Single Building with HDB
Typology.

building code, the master plan is the defining indicator of what typology to find on each plot. This
model is focusing on the built environment and neglects sparsely built plots, e.g. cemeteries, and not
built-up plots.
With the geometry of the building hull additional queries are possible to identify the embodied
energy and the energy transmission through the
hull of the building. Each polygon generated of the
building hull has the information about its construction material. This is a good indicator on how much
energy is used for its construction. In the table (Table 2) bellow you can see a simplified example of different materials used for one building. With the respective building code we can extrapolate this onto
Punggol. Table 3 shows the results from extrapolating the method on the area of Punggol (Singapore).
With the information about horizontal roof area
or nicely orientated surfaces it also shows the potential places for photovoltaic panels. In combination
with the knowledge of embodied energy [4, 5] the
geometry allows to estimate the energy used in construction. This is extrapolated for smaller area under
development, Punggol. This metabolistic approach
towards the city has limitations in that it only incorporates statistic and static information.

Figure 3
Buildings generated of Punggol Singapore.
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COMPUTATIONAL FLUID DYNAMICS
SIMULATION
Computational Fluid Dynamics (CFD) informs urban
planners about the wind flow pattern created by the
built environment. CFD is a field of science and engineering and a major part of fluid dynamics discipline
that involves numerical methods and algorithms for
solving the fluid equations of motion. The results
from the calculations provide an evaluation of the
fluid flow characteristics throughout the solution
domain. In particular, the information on the velocity, temperature and pressure distribution, as well as
species concentration can be assessed and therefore
be a critical part of the design process enabling a
design to be optimized for cross-ventilation [10]and
pedestrian comfort [11]. Furthermore, pollution dispersion [12] and mitigation of urban heat island [13]
can be improved with better ventilation induced by
the urban fabric. On the building level, appropriate
wind flow may offer better natural ventilation reducing the energy need for mechanical ventilation. In
this respect, the interest focuses mainly on the pressure difference between the façade’s openings.
There are several CFD tools available today,
that include different methods and algorithms.
One of the most widely used, also for urban CFDsimulations, is Fluent by Ansys. The solver uses finite volume methods in order to evaluate the flow
at each centre of a finite number of control volumes
throughout the domain of interest. Among the models included are Reynolds-Averaged Navier-Stokes

(RANS) equations and Large-Eddy Simulation (LES)
[14], all subject to the complexity of the phenomena
aimed to be studied.
In order to perform wind flow simulations in
the urban canopy, initial data are needed such as
building geometries and flow characteristics at the
boundary conditions. The geometry can either be
built in DesignModeler, a tool included in Ansys
Workbench package, or imported. In this case the
imported geometry has been generated by a procedural modelling software (Esri CityEngine). The
exported geometry contains only Mesh-Surfaces
that cannot be imported directly in DesignModeler.
Therefore, conversion from Mesh-Surface to NURBSSurface (Non-Uniform Rational B-Spline-Surface)
should be made with intermediate software such
as Rhino. One of the limitations of this procedure
is the maximum number of mesh surfaces that can
be converted with Rhino 4. 0. Additionally, the imported geometry should not include face overlapping and all underlying Mesh-Surfaces should be
trimmed at the boundaries.
The figure 6 includes an example of a buildingscale simulation, as performed with Fluent using
a geometry file from CityEngine. The results have
been imported into CityEngine for visualization of
the different solution results.

AGENT BASED SIMULATION
To integrate dynamic aspects an off-the-shelve programming platform (Massive Prime) for agent simuFigure 4
Wind speed on 15m (left) and
35m (right).
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Table 4
Electricity consumption per
function.

Energy per Function
PORT / AIRPORT
EDUCATIONAL INSTITUTION
WHITE
HOTEL
Business 1
BUSINESS PARK
BUSINESS 1 - WHITE
BUSINESS 2 - WHITE
COMMERCIAL
COMMERCIAL & RESIDENTIAL
RESIDENTIAL
RESIDENTIAL / INSTITUTION
RESIDENTIAL & C. AT 1ST F.

#Buildings Total MWh/a

Avg/Mod.

Min/Mod.

Max/Mod.
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Figure 6
Visualization of electricity
consumption per building.

lation is used [6]. It is applied to simulate pedestrian
movement, draw individual paths and mimic decision pattern. This project shows how the allocation
of functions influences the catchment area of each
LRT-Node (Light Rapid Transportation). To mimic the
preference for a specific LRT-Node a combination of
preference and distance measurement is used. The
advantage of this platform is to have the semantic
information stored also in the 3D environment. An

exporter translating semantic information into location of building agent has been produced including the export of a simplified geometry and ground
map [7]. This allows the agents to move freely within
the synthetic environment guided by their preference towards a specific program interacting with
the environment.
With the location of each building, its size and
function, we can estimate the starting position of
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most pedestrian agents. We limited our simulation
to 4 different LRT Stations, 12 points of interest and
6’000 pedestrian agents. The pedestrian agents are
based on a social force model [8] using a set of rays
to measure distance to other objects (moving or
static) and agents.
Based on Design – Density – Diversity (DDD) [9]
the agents’ decision about walking is influenced.
This leads to a change in the catchment area of each
LRT station. This shows that the pure metric distance
is not enough to define how big the catchment area
is and that the programming of each location has a
big impact on how many occupants are actually going to each station (Figure 5).

ENERGY CONSUMPTION
The results of this paragraph cannot be translated
to each individual building in Singapore but provide a visualization of the aggregated distribution
of consumption in Singapore. Precise data could be
mapped this way but wasn’t available. To estimate
the electricity demand per building the use per
function (external link b) is divided by the total possible floor area. This implies several assumptions like
homogenous consumption within each function,
homogenous utilization of the possible GPR etc.
Even with all these assumptions taken into account
the result shows an imbalance of energy consumption per building between industrial and residential
lots on the scale of 1:300 in average.

CONCLUSION AND DISCUSSION
The described urban information model shows how
specialized tools are made accessible to architects
urban planers and stakeholders. This augments a database to a user-friendly information platform.
However, the problem of handling complex
evaluation tools is still in the hand of specialists. This
will change with a simplification of the tools, but this
simplification would make them meaningless. In the
case of CFD where simpler methods are available in
2D they are misleading and provide wrong results.
On the other hand are the juxtaposition of information, the ease of accessibility of the results and
the interoperability helping the decision makers to
ponder on different designs and decisions.
Future work aims to fill the gap between design
work and appropriate tool selecting. To do this, the
task of integrating will be done for both aspects
namely urban information modelling and technology. The focus will not be limited to interpret the
transition of scales but maybe also to master the
complexity of a city.
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Figure 5
Building footprint colour according to preference towards
a specific building
Left: Existing configuration;
Right: Additional functions
placed at 1,2,3 increasing
catchment areas.
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