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Abstract:

This paper is reporting on a research project undertaken jointly between the
University of New South Wales (UNSW) and the NSW Department of
Housing (DoH) to develop a Spatial Decision Support System (SDSS) to assist
planning, management and evaluation in areas of high public housing
concentration. In the paper we will describe the development of the SDSS, the
specific spatial problems challenging the DoH and the potential for the system
to incorporate a range of social, financial and physical data, both internal and
from other sources, for interaction and presentation in a three dimensional
environment. The prototype SDSS attempts to address the specific challenges
of providing better service for clients of the DoH. An information audit and
survey has been conducted of the department’s resources and needs. Issues
identified include the management of high-rise and superlot areas, crime
mapping, community interactivity, internal and intergovernmental information
sharing, interoperability and maintaining confidentiality and security of data.
Interactive 3D visualisation of the model is facilitated by use of the 3map free
geospace platform. Use of open source code and open standards such as X3D
for 3D graphics interchange allow the project to explore advanced
visualisation techniques while ensuring interoperability and data longevity.

1.

INTRODUCTION

In recent years the application of management concepts such as
efficiency, effectiveness and economy to the assets of government
organizations has been occurring at the same time as those managing and
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planning the assets have faced challenges of rationalisation, restructuring,
and re-engineering. As part of this process, government organizations are
promoting equity, equality and outcomes in terms of their processes and
resources.
It is no surprise, therefore, that government organizations have moved
into the information era and the development of information management
systems to provide accurate information relating to an organization's assets.
For example, the New South Wales (NSW) government's Total Asset
Management initiative demands accurate information relating to an
organization’s assets and, in turn, organizations are being held more
accountable for the decisions they make concerning their management (New
South Wales Government 1993, 2000).
In many government organizations this means that "decision support
systems" must be developed to provide information to management.
Increasingly these systems incorporate geographic information and are
referred to as spatial decision support systems (SDSS) or spatial planning
support systems (SPSS) - in recognition that much of the asset, facilities and
planning data held by the organization is spatially referenced and can,
therefore, be analysed using appropriate geographical information systems
(GIS) technology (Naudé, 1999).
In the realm of public housing the mapping of physical, financial and
social data accumulated over the life-cycle of particular housing areas may
be used to support community renewal strategies as a tool for resource
planning, reviewing and predicting changes. Performance and condition
indicators may be benchmarked against each other to compare and evaluate
strategies.
Spatial decision support systems are increasingly being recognized as a
smarter and better way of utilizing information technology for the reengineering of asset management within government organizations, and for
generating productivity and efficiency gains. (Ward, 1997; Clarke, et al,
1997). This is in contrast to previous methods of handling data where
information on assets may have been duplicated across different units within
the organization, using different standards and formats. Questions from
senior management, clients and the community could only be answered after
significant efforts in collating information (with reliance on individuals and
their specific knowledge of assets and processes).
This paper reports on a research project undertaken jointly between the
University of New South Wales (UNSW) and the NSW Department of
Housing (DoH) to develop a Spatial Decision Support System (SDSS) to
assist planning, management and evaluation in areas of high public housing
concentration (Barton et al, 2002). We describe the basic structure of our
SDSS (prototype only), the reliance on information technology (GIS) and an
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application development platform which relies on interactive 3D
visualisation facilitated by use of the 3map free geospace platform (Thorne
and Weiley, 2003).

2.

LITERATURE

A review of the literature on SDSS for public housing indicates a paucity
of research on the topic. However, reports on the use of information
technology - including GIS - for public housing are only slightly more
frequent (Han and Yu, 2001; Yu and Hang, 2001; Fine, 1998) and tend to
focus on the domain of facilities management in public housing. These latter
studies provide a useful frame of reference for the present study.
The application of GIS for public housing management and maintenance
in Singapore (Han and Yu, 2001; Yu and Hang, 2001) is not a SDSS per se
but an information system which enables a particular town council and
public housing tenants to access various data systems organised into
modules. The system is known as EMAPS - a GIS based management
information system. Although this system has some of the elements of a
SDSS (i.e. GIS, databases) it differs from the definition of a SDSS in that it
is not structured for specific decision making purposes (Densham, 1991). It
has more of the elements of a Spatial Planning Support System (SPSS) as
defined by Naudé (2001).
Han and Yu (2001) state that there were three main objectives for the
development of EMAPS: to improve the capability of town councils; to
bridge a gap between rapid technology development and slow integration of
new technology into facilities management, and to explore the application of
GIS to public housing management. EMAPS is based on a series of menus
which allow the user access to a range of data from financial, accounts,
tenants information, property information, facilities assessments, cyclical
works, and telemonitoring systems. Databases are updated regularly and are
web enabled. The application of EMAPS is meant to support a managerial
function as opposed to a decision-making function, although there is the
capability to extend the system to function as a SDSS. The development of
EMAPS highlights one of the rationales for using GIS - integration of
diverse databases into a common format to support specific tasks.
The report by Fine (1998) is a more specific application of information
technology to maintenance management. This application is non-spatial
(does not involve GIS) at present and involves database systems to support
housing condition surveys, rent analysis and works programs. Of interest is
that this system was developed for a tenant based housing management
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scheme (tenant managed estates) which is allowed under certain conditions
in the UK.
The only published example of a decision support system for public
housing is that by Conte (1999) for the Bari municipality of the Bari
province in Italy. This on-going research project had as its impetus concerns
over the lack of sustainable management plans for public housing, socioeconomic decline of public housing tenants, severe maintenance problems
leading to physical and environmental decay on estates, lack of policies on
rehabilitation, and lack of initiatives on self-management of public housing
estates. In a broader context there was a need to foster the development of
sustainable public housing management plans which recognised the interest
and role of the European Union in housing policies of member states, the
environmental awareness of public housing tenants, the role of urban
rehabilitation as a tool for economic and social equilibrium, and availability
of computer technology (Conte, 1999). It is interesting to note that many
similar reasons also apply to the rationale for the present study reported upon
in this paper.
Of relevance to the present study is that the justification of the decision
support system developed by Conte mirrors, in many ways, similar needs
and questions posed by the researchers in collaboration with persons at the
DoH. In essence the need was for a structured DSS which was practical and
useful for the maintenance and management of public housing in the city,
and which allowed for collaboration with various local government agencies
and participation on the part of tenants. The actual structure of the DSS
included, on the one hand, integration of dispersed data and knowledge in
the form of systems (housing information, technical legislation, and
technical expert systems) for maintenance aspects of management policies.
On the other hand, information systems dealing with social aspects, general
legislation and policy experts were integrated to support the more strategic
aspects of management policies. Elements of public participation occur
throughout the DSS, but particularly in developing the housing and expert
system modules of the DSS.
According to Conte (1999), the result is an automatic DSS, formed by
several modules, which integrates and manages a great deal of data, both
quantitatively and qualitatively, and is web enabled. (However, no examples
of the working of the system were provided in the paper). The SDSS
reported upon in the present paper does not have an identical structure to that
developed by Conte, but mirrors the module structure which attempts,
among other things, to integrate various information systems into a common
platform to support various decision-making and strategic planning
outcomes. However, the SDSS we propose differs markedly to that of Conte
(1999) and Han and Yu (2001) in its use of interactive 3d visualisation.
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THE LOCAL SCENE

The New South Wales Department of Housing (DoH) provides and
manages public housing for those people who cannot obtain housing through
the private sector. The DoH manages 130,000 dwellings in 86,000 buildings
valued at around $AU17 billion. (3,000 of these properties are on the
heritage register).
Thirty per cent of NSW public housing is in estates with over 100
properties. These were developed from the 50's to the mid 80's during a
phase of 'slum clearance' and a push to maximise unit output to overcome a
post-war housing shortage. These estates today typically experience inherent
design problems, opportunities for anti-social behaviour and poor access to
essential services such as health, transport and family support. Furthermore,
the concentrations of disadvantaged families are often stigmatised by the
broader community. The issues faced by these public housing estates share a
similarity to those reported by Conte (1999) in the case of the city of Bari.
To alleviate some of these issues, the Neighbourhood Improvement
Program (NIP) was implemented in 1994/5 as a community renewal process
to bring estates with the poorest indicators up to modern standards as defined
by DoH policies (DoH, 2001). Key strategies include:
•
•
•
•
•

Innovations in housing management.
Upgrades to dwellings and infrastructure to enhance continuity with
the broader context.
Greater involvement of tenants in estate-level decision making.
Involving other social housing providers in managing properties on
estates and improving the provision of services from other agencies.
Targeted sales of assets to break up heavy concentrations of DoH
ownership and enhance socio-economic and demographic diversity.

However, on a practical note, these key strategies have not previously
been linked to a DSS or SDSS such that the implementation of strategies
remains uncoordinated, use of relevant data is not coordinated, data is at
present not spatially linked to GIS (although some exceptions are present),
and visualisation of data is restricted to two dimensions.

3.1

Case Study Areas

Two study areas have been chosen for our project: Redfern/Waterloo and
Penrith/Cranebrook. The sites have been chosen as case studies for their
diversity of building types, as both have high densities of public housing and
are undergoing community renewal programs.
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Figure 1. Both Cranebrook (1) and St Marys (2) are located within the Penrith LGA (a). The
Redfern/Waterloo housing area (3) is just south of the Sydney CBD (b).
(Source of base map: Land and Property Information NSW)

The Redfern/Waterloo social housing area, located only 3km from the
Sydney CBD, consists of a mix of housing types including high-rise
apartment blocks, walk-up flats, terrace and modern infill housing and
specialist aged housing. The area has an ongoing community renewal
process instigated in 1995/6. Issues raised by the community became the
catalyst for the Community Renewal Strategy (CRS) for the estate and
focused on the lack of security, problems with lack of ownership of common
space, the quality of the dwellings, particularly bedsits and the level of
unemployment on the estate (DoH, 2001).
Public housing in the broader Penrith Local Government Area (LGA),
located some 50km from the Sydney CBD, consists of three-story
apartments, townhouses, cottages and 'Radburn' style detached housing. The
DoH Special Projects Unit is undertaking an Integrated Strategic Planning
Process based on GIS for the Penrith LGA, and has already established an
operational Geographic Information System (GIS). Two focus areas have
been identified within the Penrith LGA: Cranebrook and St Marys.
Cranebrook was the last broadacre estate developed in 1979 by the then
Housing Commission and has been involved in an ongoing community
renewal strategy (DoH, 2000). The St Marys area will be subject to an urban
improvement strategy to realize market potential and up-zoning.
The key problems at Penrith/Cranebrook stem from American style
planning principles (Radburn principles) which created separated car and
pedestrian networks, houses backing onto the road, facing shared open areas,
with unclear delineation of public and private space and isolated pedestrian
networks which presented many opportunities for crime. Currently, the DoH
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is undergoing a broad process of 'De-Radburnisation'; reversing the
orientation of houses on the estates, removing access ways and hence
opportunities for crime and increasing areas of private, controllable outdoor
space for tenants (DoH, 2000).
Another problem with the estate model was the creation of 'superlots'. At
the time of their creation, the housing authority was exempt from local
government planning requirements. The tenure of the land parcels is
illustrated on the Digital Cadastral Database (DCDB) by large,
unconsolidated expanses. Large swathes of properties were built on these
superlots. This makes it difficult for traditional data systems to present
information, as properties have no spatial locator within the lot. Subdivision
of these lots is costly and is only validated on areas intended to be sold and
divided into smaller tenable lots. Furthermore, approval for subdivision has
to be made by local councils. The DoH has to approach local councils
individually, and often faces lengthy negotiations and sometimes obstructive
conflicts in the process (Barton, 2003).
In a managerial and operational context, the DoH must locate the
properties themselves so the information is useful internally, eg. for
coordinating maintenance teams, and for external agencies, especially
emergency services. The problem of locating individual properties within
superlots also has a vertical component for high-rise estates, and inversely
some low density occupancies extend over more than one lot. To resolve
these issues the DoH needs to employ more sophisticated tools with 3d
locators and a spatial interface in order to view these 3d subsets within
superlots (Barton 2003).
Consultations with various stakeholders and individuals within DoH
suggest to us an SDSS structure which must be capable of the above
decisions, but which should also allow use of more detailed datasets from
across a diverse range of providers (private and public) that are able to be
linked and geo-referenced; have the ability to view data in a spatiotemporal
and 3d context; the ability to share knowledge and improve continuity; and
the ability for estate tenants to interface with management, particularly in
relation to community renewal strategies.

4.

THE STRUCTURE OF THE SDSS

The SDSS reported in this paper has been designed to incorporate a range
of social, financial and physical data, both internally and from other sources.
Further, it should be interoperable with internal systems and facilitate
intergovernmental information sharing (Nairn, 2000). Users should be
allowed to operate at a range of scales in a 2d/3d environment (Levy, 99)
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and be allowed to record, update, manage and represent knowledge by
means of a knowledge base and expert component (Goel, 99). Finally, the
system must be operable by executives, experts and non-experts whilst
maintaining the confidentiality and security of data (Barton, 2003).

/ DCDB

Figure 2. Structure of SDSS

The input data for the SDSS may incorporate various information
systems available from within the DoH, or from external sources, such as
national census data (socio-economic and housing related), electronic
planning information systems (iPlan) and the DoH asset and client
information management systems and potentially other data systems
provided by a range of agencies (eg. transport, police, social welfare). A
characteristic of these data systems, as currently used within DoH, is absence
of a common spatially referenced platform. For example, the asset
management information system ascribes building condition survey
information to properties located on lots (cadastre), but the system is not able
to be linked to the DCDB or to the census for GIS storage, retrieval and
analysis functions. The presence of individual standalone information
systems is legacy of an environment in which decision-making at a
management and/or strategic level reflected isolation as opposed to wholeof-government approaches.
In addition, the availability of more specialised information from external
sources, which was already spatially referenced and portable across different
GIS platforms, further highlighted the problem of a lack of an integrated
‘corporate’ GIS within DoH which could facilitate a range of decisions. The
model of ‘compartmentalised’ decision-making based on one information
system (eg. maintenance management using the asset management system)
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did not allow interoperability or visualisation of the data. Until recently,
most visualisation of the data was non-spatial and restricted to 2d CAD. Our
SDSS model supports integration, interoperability and advanced
visualisation to facilitate decision-making.

4.1

Three-Dimensional Visualisation Techniques

Three dimensional visualisation techniques are the platform through
which the SDSS is visualised and web enabled (Figure 2). These techniques
may usefully show the patterns, forms and character of the case study areas
(Levy, 1999), as well as representing non-physical attributes. Some data has
important 3-dimensional spatial attributes that need to be visualised (e.g.
digital cadastral data and building attribute data). The extra spatial
dimension of 3D, and the extra temporal dimension that can be shown
through animation and explored through interaction, gives more room for
layering extra information dimensions affording comparative data
visualisation (Tufte, 1990).
There are several possible platform choices available when designing a
3D representation of data. Various 3D engines exist which are closely tied to
the multitude of available file formats. However these engines tend to be
highly optimised for their purposes (e.g. games), constraining the size and
type of space that can be represented, as well as the types of interaction that
can occur in the space. Also, not all such engines can operate over the Web.
A more flexible option is to use a language designed for general-purpose
3D worlds, such as Inventor, Shockwave 3D, MPEG-4, BiFS, VRML or
X3D. These languages are designed without such specific optimisations in
mind; some are open standards, which can support multiple runtime engines
implementing different optimisations. This comes with a speed penalty when
compared to game engines, but corresponds with greater flexibility in the
kind of environments and interactions that can be implemented.
4.1.1

X3D for 3D Geographic Representation

X3D is the ISO standard for interactive 3D which has been developed by
the Web3D Consortium (2003) as the successor to VRML97. It is the
standard chosen to visualise our SDSS. X3D is a general-purpose virtual
reality language that affords interactive 3D visualisation. Large
environments can be supported through level-of-detail (LOD) nodes. It is
intended for Web delivery, which allows for much larger spatial models to
be managed on distributed servers but still be viewed on limited clients. It is
back-compatible with VRML97, the most widespread general-purpose VR

78

DDSS 2004

language and file format. Almost all tools capable of exporting 3D support
VRML, including the tools in use at DoH.
X3D is standard, back-compatible and XML based, thereby making it
straightforward to write parsers and editors. Multiple implementations exist
which are royalty-free; and all modern operating systems are supported. It is
scriptable through ECMAScript and Java (through the Scene Authoring
Interface), supports embedded metadata and is optimised for online delivery.

Figure 3. Incidents of Victimisation
in a High-Rise apartment. (Base
model source: Barton et al 2003)

Figure 3 depicts an example of visualising fictitious incidents of
victimisation in a high-rise residential apartment block.
The model is accessing several spatially referenced datasets: the X3D
building data itself links to the DCDB and a table of reported crime
incidents. Sigils represent different categories of victimisation. The system is
accessing the database of incidents, extracting relevant categories and
displaying the result in 3d through a web browser.
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Patterns are revealed in three dimensions that may not be apparent in a
traditional 2d system, for instance; vertically stacked zones that may be
public or private, solid or void, roof top, ground level or subterranean.
It should be noted that problems with X3D include the fact that singleprecision data representation gives insufficient dynamic range to support
global datasets. This is fixed in the geospatial component of X3D with the
addition of a GeoOrigin node to create local single-precision zones; however
there is no currently available implementation of the geospatial X3D
component. The Web3D Consortium is supporting the development of
Xj3D, an open-source Java-based X3D implementation, which is on the
verge of implementing the geospatial component. The availability of open
source code makes these problems addressable.

4.2

Metadata standards

Interoperability with spatial data providers will be crucial in broadening
the scope and longevity of the data and information systems which underpin
our SDSS. The emergence of international standards for geospatial metadata
facilitates this goal. 3Map uses Open GIS Consortium (OGC) standards
wherever possible (Ping, 2003). Key OGC specifications are OGC Feature
Geometry (ISO 19107:2003 - Spatial Schema) and OGC Metadata (ISO
19115:2003 - Metadata). The baseline for discovery metadata is the
mandatory set of OGC Metadata elements. The joint Australia/New Zealand
government Spatial Information Council (ANZLIC) has been working with
ISO/TC 211 on ISO 19115, and the ANZLIC Metadata Guidelines are
designed to comply with that standard.
Figure 4 shows an application of meta-tagged X3D data in a community
renewal context. Once again, several databases are being interrogated: X3D
building volumes, the DCDB, a digital terrain model and a layer dedicated to
comments invited from the public. The community may visualise the area
through web-enabled access and attach different comments to specific
geographic locations, reflecting their perceived quality of neighbourhood
facilities: neighbourly or neglected locations, valued or feared areas.
Qualitative data are captured upon upload and structured with metadata.
A time and date stamp could be shown, coupled with a numeric value to
register perceived quality. In turn this input is added to the community
knowledge base. Personnel involved in formulating community renewal
strategies may then access and interoperate with this data, for instance
analysing change in community perceptions of the area over time.
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Figure 4. Example of cumulative community knowledge displayed in an urban renewal area
(Base model source: Barton et al 2003. Enhanced by authors using dummy data)

4.3

Interaction design

The use of dynamic queries for visual information seeking
(Schneiderman, 1994) is an effective method of visualising and interacting
with metadata, particularly for geospatial datasets. Experts can apply their
knowledge of a specific subject area to find relevant metadata elements and
represent them with an annotated key.
This key can be presented to the user as a configurable slider, affording
direct manipulation (Schneiderman, 1997) of metadata within the spatial
context of the virtual reality representation.
Metadata on the server, when combined with user actions will effect the
presentation of that data to the client. In Figure 5, a user is visualising
compliance with a maintenance survey. The figure shows building footprints
corresponding to the DCDB where building maintenance compliance is
graphed in 3d in response to user configurable sliders. Sliders may vary
attributes such as colour.
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Figure 5. Envisaged use of sliders to identify compliance with user defined criteria
(Source of base image: Walia, 2003)

4.4

Security

The DoH database contains data which cannot be published due to
privacy concerns. There will be various levels of access to data in-house, as
well as selective public access. One issue is that even revealing the data
source is a privacy issue. If the DoH database only publishes data on their
assets then everything they publish is identifiable as public housing. One
solution is to publish broader areas including non-DoH assets, without
identifying which objects are DoH assets.
Privacy is related to detail. Publishing of street-level data is acceptable
for public access, but details of assets including their interiors are private.
The model has the ability to zoom from a broad view - regional, national or
global - down to a specific asset and its attributes complete with power
points, smoke detectors etc. Access to lower levels of the LOD tree is
restricted to bona-fide users.
Server-side exclusion should be employed in order to maintain security
of confidential data. One can locate the server with public data on the public
internet (figure 2), and maintain the server with private data on a private
intranet. This provides physical security; users must be on the premises and
connected to a private network in order to access the data. Remote access to
data may be facilitated by HTTPS (HyperText Transmission Protocol,
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Secure) requiring the end-user to log into the server. This approach is
compatible with open standards, and is resistant to reverse-engineering.

4.5

Experts and Knowledge Management

Experts are a key component to an operational SDSS (Goel, 1999). It is
envisaged that a knowledge management system form an integral part of the
model, to record, update, manage and represent knowledge by means of a
cumulative knowledge base. This will assist in improving continuity of
knowledge within the department and add further value to their existing
information. Integration of an inference mechanism provides a rule based
environment adding constraints to guide the decision maker and informing
users how to approach specific problems, especially if it is not the first time
within the organisation the problem has been encountered.

5.

CONCLUSION

This paper has described the development of an SDSS for public housing
which is relevant to a government department (DoH) which is undergoing
rapid change in its organisational structure to better facilitate management
and strategic development of public housing in the state of NSW. The
specific problems faced by DoH decision makers in dealing with our case
study areas focus on community renewal strategies, crime prevention, asset
management and maintenance issues, socio-economic status in estates, and
issues of property boundaries and ownership.
Our SDSS model, which is in its prototype phase, is designed to assist
decision-makers explore alternatives, constraints and benefits to complex
and interacting problems through the avenue of integrated spatially based
data and information systems which are manipulated and visualised in a 3D
environment. We have described a structure which is entirely built around
X3D, but also enables more traditional 2D views of spatial data.
A further strength of our system is its ability to enhance possibilities for
public participation - especially in community renewal, asset maintenance,
and crime prevention issues – and, more generally, for the sustainable
management of public housing estates. Public housing tenants will be able to
access the web enabled 3D model and to directly contribute inputs to the
above issues.
The next stage of our research is to move from a prototype SDSS to a
more formally approved system which has been tested by DoH personnel
and public housing tenants to ensure adequacy in support of management
decision making and strategic planning. We envisage that our SDSS will
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evolve to incorporate other modules and/or information systems, and will
benefit from further development of the knowledge system (crucial given
future restructuring and re-organisation of DoH).
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