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Introduction 
The spatial representations of our world, both natural and built, are being 
increasingly described using 3D geospatial models. The creation of 
accurate, photorealistic 3D city models that can be used in real-world 
applications still remains a challenging problem in spatial information 
science. Three-dimensional modelling is required in applications as diverse 
as urban planning, disaster management, asset management, 
environmental monitoring, navigation and intelligent transport systems. 
Such applications call for efficient methods for the creation, storage, 
retrieval, analysis and visualisation of 3D city models. This research relates 
to the NIMLI project in that land information can be managed and 
maintained in a virtual 3D platform. 

A virtual 3D city model is a digital representation of urban objects on the 
Earth’s surface, such as buildings and other related infrastructure. The 
model may also include topological information of the terrain by 
integration with a Digital Terrain Model (DTM). Virtual 3D city models are 
becoming more widely implemented around the world by organisational 
bodies such as governments, city planners and emergency services. Such 
organisations require highly detailed 3D models that reflect the complexity 
of city objects and the interrelations (Stadler and Kolbe, 2007).  

The initiatives taking place around the world are extensive, ranging from 
commercial products such as Google Earth, or Bing Maps to more 
collaborative platforms based on open source software such as 
OpenStreetMap and Earth 3D. Government bodies, particularly local 
councils, are also embracing a 3D representation of their municipalities for 
better planning of their communities. In Victoria, Australia, the City of 
Melbourne and the City of Greater Geelong have accessible 3D models of 
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their council areas that have allowed for better planning and better 
management of their municipalities as illustrated in Figure 1.  

 

  

Figure 1: 3D model of Melbourne by AAM for the City of Melbourne 

While 3D data has been collected and implemented in applications for 
many years, the recent advent in technology for data storage and 
integration has raised novel research challenges. The instrumentation also 
has developed significantly over the last few years and has allowed users to 
collect 3D data in real-time and over a larger area of coverage resulting 
from the use of GNSS (Dowman and Arora, 2012).  

In addition, given the vast amount of visualisation techniques that have 
been developed over the last decades, and the variety of applications, user 
tasks and data formats, the selection of relevant visualisation techniques 
for the construct of a 3D city model is not an easy task. Moving towards an 
enriched 3D city model that addresses current challenges, such as data 
storage, data integration and data interoperability, as well as recent trends 
such as BIM, is far from trivial.  

This chapter, which centres on an investigation of state-of-the-art three 
dimensional initiatives, focuses upon the initiatives taking place for the 
creation and application of accurate, photorealistic, virtual 3D city models 
that can be used to better manage and maintain geospatial information. 
The research goal is to review a range of the current initiatives taking place, 
and to identify the challenges that must be addressed towards the 
advancement of 3D city modelling.  
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3D Data Acquisition 
Over the past 10 years, the most significant development in 3D data 
acquisition has been in laser scanning, both airborne and terrestrial. 
Advancements in digital photogrammetry have also meant that image-
matching algorithms can be used produce 3D models fit to compete with 
laser scanning with respect to accuracy. By combining laser-scanning data 
with digital imagery, it is now possible to create photorealistic 3D models of 
buildings and of the terrain with high accuracy. Fully automated generation 
of dense 3D point clouds, which can be converted to wireframe and 
texture, are becoming more readily available and boast high-accuracy 
results. Terrestrial laser scanning in particular can produce dense point 
clouds from range and azimuth measurements from the ground. The result 
is very accurate, dense clouds, ideal for BIM (Dowman and Arora, 2012). 

Digital surface models have also been widely used to classify and model city 
data in 3D, through the integration of LiDAR or stereo-imagery with remote 
sensing images (e.g. Chen et al., 2009, Wurm et al., 2011). Further 
information about the 3D environment, such as surface materials, can also 
be derived using hyper-spectral data (Heiden et al., 2007). 

In addition, there are a number of mobile mapping systems that have also 
been developed, which create 3D models through the integration of laser 
scanning and digital imagery. A state-of-the-art development in this space 
has been Trimble’s Indoor Mobile Mapping System (TIMMS), which can 
accurately model interior spaces without accessing GPS. The system 
consists of LiDAR and camera systems engineered to work indoors in 
mobile mode, computers and electronics for completing data acquisition 
and data processing workflow for producing final 2D/3D maps and models.  

3D Data Visualisation 
For simulations to present an accurate picture of the real-world, the 
accuracy of the geodata used in extremely important and should be based 
on the latest available imagery (Dowman and Arora, 2012). There is a wide 
range of 3D city models available today. Both the private sector and 
government have supported the development of hundreds of 3D virtual 
cities around the world. The combination of geospatial data and 3D CAD 
objects has resulted in photorealistic 3D models in a 3D geo-referenced 
environment.  

Software developed from the private sector, such as CityEngine from ESRI, 
Bentley's Map V8i and Google Earth offer users the capability to create, 
visualise and measure 3D cities. ESRI's CityEngine is a standalone software 
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that offers professional solutions to urban planning, architecture, GIS, 
entertainment and general 3D content production. CityEngine supports the 
use of geospatial data such as Esri Shapefile, File Geodatabase (GDB), KML, 
and OpenStreetMap (OSM), allowing users to work with existing GIS 
features such as parcels, building footprints and street centre lines – when 
constructing 3D urban landscapes. CityEngine works with a range of 3D 
formats, including Collada®, Autodesk® FBX®, DXF, 3DS, Wavefront OBJ, 
and e-on® software Vue. Bentely's Map V8i also offers the tools to visualise 
smart 3D city models, integrate 3D data from different sources, and key GIS 
products for creating, managing, and analysing a 3D City GIS model. 

CityGML is a common information model for the representation of 3D 
urban objects (Mao, 2011), and is the first standard related to 3D city 
models. The model attempts to provide a description of 3D elements such 
as relief, buildings, traffic infrastructure, water bodies, vegetation or city 
furniture's with their geometry, topology, semantic properties and relevant 
attributes. As a result, users are able to implement 3D city models for high-
level spatial-temporal analysis in a number of application domains such as 
urban planning and disaster management. The extensions available in 
CityGML to adapt different requirements for specific applications make it 
possible to have enriched 3D city models containing more than mere 
geometrical elements.  

3D Data and BIM 
A BIM is a digital representation of physical and functional characteristics of 
a facility and a shared knowledge resource for information about a facility 
forming a reliable basis for decisions during its life cycle, and is defined as 
existing from the earliest conception to demolition. It offers the ability to 
model and manage, not just the graphics, but also information that 
facilitates better and more informed decision-making. It is becoming more 
and more prevalent to implement a BIM to reduce costs. Making use of 
BIM eliminates the possibility of data redundancy, data re-entry, data loss, 
miscommunications, and translation errors (Dowman and Arora, 2012). In 
the context of the NIMLI, it is of great importance to address the trends 
that have resulted from organisational bodies endorsing the use of BIM in 
3D information management, in order to help reduce the costs involved.  

3D Data and VGI 
The last few years have witnessed a rapid development in Volunteered 
Geographic Information (VGI) that has influenced the spatial sciences 
significantly (Uden and Zipf, 2012). One of the most promising examples of 
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VGI in 3D city modelling and GIS is OpenStreetMap (OSM) (Goetz and Zipf, 
2012). OSM aims to create a comprehensive and free online map with 
global coverage. Following the collaborative Wikipedia approach, 
everybody can contribute, edit and improve the data of OSM. It is able to 
compete against professional data collected by official surveyors or 
commercial providers (Haklay, 2010).  

In Germany, there are currently nearly 5.5 million building footprints 
available. Compared to the real number of 17.8 million buildings, about 
30% of all building in Germany, are covered with OSM. It is likely that in the 
next 12-18 months nearly all building footprints in Germany will be 
available in OSM (Goetz and Zipf, 2012).  

The results however, are 
currently building footprints 
only, without any actual 
photorealism. In order to 
create more graphically 
pleasing models, OSM enables 
the users to choose building 
colours, materials and 
geometries, as well as, 

streetlights and trees. There are no current options to import and overlay 
imagery that will enable photorealistic texturing.  

Another prominent example of VGI for 3D data is Google’s 3D Warehouse, 
which allows users to create 3D models that also appear in Google Earth. 
Google’s 3D Warehouse is a shared repository that contains user-generated 
3D models from both geo-referenced real-world examples such as churches 
and stadiums and non-geo-referenced objects such as trees, light posts or 
interior objects like furniture. The 3D Warehouse models have been 
integrated into a number of commercial systems such as design tools 
(RenderLights 2012) or simulation software (Simio 2012) (Uden and Zipf, 
2012). Google has also developed a tool called the Building Maker, which 
facilitates the creation of geo-referenced 3D buildings only. The drawbacks 
are buildings with potentially low accuracy, however the toolkit allows for 
non-experts to generate vast amounts of 3D data quite quickly.  

Accessibility and Useability of 3D Data 
With the vast number of platforms available for the visualisation and 
analysis of 3D data, it is becoming increasingly important to ensure that 
users of 3D data can access the 3D data they need without being limited by 

Figure 2: Heidelberg, Germany in OSM 
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the platform they choose or the format they work in. Mobile devices are 
being introduced widely in society and represent the most attractive 
solution for access to information anywhere and anytime. However the 
visualisation of 3D models in mobile devices is a technological challenge 
because of the size of the models and limited capabilities of mobile devices 
(Prieto and Izkara, 2012).  

Additionally, 3D data should be accessible on the web, with no plug-ins and 
it should be browser agnostic. Nowadays, it is possible to integrate 3D 
content on the Web directly into the browser without plug-ins or additional 
components with WebGL. WebGL is an open standard software library that 
uses JavaScript to generate interactive 3D graphics on any compatible 
browser without plug-ins. There are still novel research challenges in this 
domain to enable users to work any device and obtain 3D spatial 
information anywhere and anytime. This would be particularly useful in the 
NIMLI context to advance current access and usability of land information.  

Conclusions and Future Recommendations 
Moving towards a 3D world has its unique challenges. The advancements in 
3D data acquisition, visualisation, access and usability have made it possible 
to generate 3D virtual environments that can be used for urban planning 
and effectively managing land. Particular attention needs to be paid to BIM 
in the land development process, to help reduce costs and increase 
productivity. With an increase in VGI, users must be aware of limitations to 
accuracy and completeness of data, while embracing the opportunities of 
crowd-sourcing information. Infrastructure developed to provide access to 
3D data should be accessible on the web with no plug-ins and work on any 
browser, using any device, to allow for easy access to 3D information of our 
cities.  
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