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Introduction 

Most people now live in cities. In the next one hundred years, cities will rapidly grow in size and complexity. 
Now, more than ever, there is a need to assess the future impact of engineering constructs before they are 
built. Ensuring a building is structurally sound, or that a water pipeline system will carry a certain load is not 
enough: engineers must be able to assess the sustainability of their designs in terms of the triple bottom line. 
Environmental, social and economic indicators must be assessed and balanced. 

Australia’s cities are of great concern. Melbourne’s population of 3.8 million is projected to grow by 1.2 
million over the next 20 years and by 3 million over the next fifty years (ABS, 2008). Building and managing 
these cities in a sustainable fashion poses a significant challenge. Complicating the scenario is climate change. 
In the past decade, the stream flows supplying water to Melbourne have reduced by 40 to 60% (Australian 
Government, 2008). So, where does Melbourne go next? How can the problems of such a growing city be 
dealt with into the future? 

Until recently, integrated assessment of environmental, economic and social indicators within a single system 
has occurred on an ad hoc basis. Only recently has the technological capacity emerged to enable multiple 
indicators to be visualized and analyzed at a detailed level over a large study area. We propose a new software 
platform, MUtopia, which will use the growing spatial data infrastructure, a range of environmental modeling 
technologies and contemporary engineering theory to enable the sustainability of future planning and 
engineering constructs to be tested and the outcomes to be visualized and communicated. 

This paper reviews the necessary characteristics and available strategies for implementation of an integrated 
urban modeling and visualization platform. 

What is MUtopia? 

While independent models of energy consumption, or storm water runoff can tell us something about how to 
best shape our cities, linkage between the different models is required to answer questions such as: what is the 
benefit of decentralized water supply in Melbourne in terms of energy usage, resource consumption, water 
supply augmentation, storm water infrastructure requirements and storm water quality, compared with 
desalination? Or, what is the benefit of passive solar design in medium density housing developments, 
including interactions between buildings, compared with wind power generation located in Port Phillip Bay? 
The integrated models also require access to comprehensive, spatially referenced data sets, which appropriate 
metadata. For some models these may be two dimensional mapped data, but for other models full 3D data will 
be required.  

In this regards, MUtopia is a modeling platform that enables engineers from different disciplines to 
collaboratively test concepts, tools and processes in a single virtual environment. It has virtual, visual 
analytical, adaptable and scalable characteristics. We envisage a system which is: 

• Virtual 

o The platform, its inputs, outputs and analytical tools will all operate in a virtual environment. 

• Visual 

o The platform will be capable of visualising inputs (e.g. infrastructure, energy, water) and 
outputs (e.g. bio-waste, carbon) both spatially (3D) and temporally.  

• Analytical 
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o The platform will enable analytical tools to be developed by users. Primarily the platform will 
assist with analyzing the triple bottom line outcomes of different simulations.  

• Adaptable 

o The platform will accommodate the demands of a range different engineering disciplines. 

• Scalable 

o The platform will be flexible enough to work with both large and small-scale problem spaces. 

Other researchers have been to develop similar comprehensive assessment tools. For example, Li et al (2009) 
developed an integrated simulation framework, based on a geographic information system, to analyze the 
materials and energy use involved in city development. Kjems and Bodum (2009) used a 3D object oriented 
modeling and visualization product in assessment of energy consumption patterns in a Danish city.  

Commercial software developers are also active in this area. For example: “Autodesk® Ecotect® Analysis 
green building software is a comprehensive sustainable analysis tool that delivers a wide range of simulation 
and analysis functionality through desktop and web-service platforms. Powerful web-based whole-building 
energy, water, and carbon analysis capabilities converge with desktop tools to conduct detailed environmental 
simulations and visualize results.” (AutoDesk, 2009).  

We seek to extend this capacity from the single building to the development project or the entire city. This 
requires not only detailed analysis of the individual elements but also analysis based on the spatial 
arrangement of the elements. No matter how well designed and constructed, a building or a suburb do not 
follow sustainability principles if their residents have to travel long distances to work, shop or recreate. 

Data input in MUtopia will be on the basis of a framework, called” Spatial Data Infrastructure” (SDI). SDI as 
its name suggests is system of communication dealing with spatial data and information. Its main objective is 
better sharing and application of spatial information. Rajabifard (2002) describes SDI as an enabling platform 
based on dynamic, hierarchic concept with the aim of facilitating and coordinating the exchange and sharing 
of spatial information between different stakeholders and includes data, people, standards, policy and access 
network. It enables users to save resources, time and efforts by avoiding duplication in information collection, 
maintenance and integration (Chan et al., 2001). 

Integrated assessment of environmental, economic and social indicators within a single system has generally 
occurred on an ad hoc basis. Only recently has the technological capacity emerged to enable multiple 
indicators to be visualized and analyzed at a detailed level over a large study area. The results of analysis will 
be shown on a virtual platform which offers both abstract and realistic representation of 3D or 2D spatial data.  

What will MUtopia do? 

MUtopia will have the capabilities of input a range of standard spatial and non-spatial data, analysis the data 
and finally produce a range of standard outputs and indicators. 

Input data of MUtopia will include natural, built and social environment themes. Additionally, users will be 
able to add their own data layers and objects. The input data will be modified and analysed in order to 
undertake a range of monitoring and prediction activities relating to impact on the total system. Analysis will 
answer questions like:  

• What is the environmental performance and mobility implications of medium density construction 
with commons green space centered on a highly interlinked public transport system compared with 
current practice? 

• What would a 1t/capita/annum CO2 emission city look like? 

MUtopia will summarise the predictions through a range of standard outputs and indicators. These will be 
based around the triple bottom line: environment, social and economic impact of a city (Figure 1)  
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How would MUtopia be built? 

A number of initial key research questions should be used to drive the development of the platform. The 
questions, such as those given as examples above, will help focus the development of the platform, raise 
issues specific to the platform characteristics and enable prototyping. Figure 2 shows how researchers, their 
research and MUtopia may interact. Flexibility will be achieved through the use of open source software tools 
and standards (such as those endorsed by the Open Geospatial Consortium). 
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Figure 1. Use pattern for MUtopia

Figure 2.  Operational model for MUtopia
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Cities are growing fast, however our natural resources are limited. In order to investigate the impacts of 
population growth on the environment, a virtual city platform is needed. MUtopia intends to utilize these data 
management, modeling and visualization technologies and contemporary engineering theory to enable the 
sustainability of future engineering constructs to be tested.  
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