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ABSTRACT 
 

This paper presents the design of the 

Functional Geospatial Information System 

(FunGIS), which is aimed at providing a 

comprehensive GIS service to disabled 

people.  FunGIS provides features for fast, 

easy access to information and aids users find 

what they want and information querying. 

FunGIS enhances the information content for 

disabled people and the performance of the 

system in a comprehensive manner so that a) 

the possibility of integrating the system with 

live, working information sources and b) 

reduced information maintenance can be 

achieved. The technology and implementation 

considerations for FunGIS, performance 

evaluation and the lessons learnt have also 

been provided in this paper. 

 

Keywords: Geospatial Information System 

(GIS), Digital Elevation Model (DEM), Aid 

for disabled people, Software engineering 

project, Multimedia rendering facilities, 

Mobile devices and Information delivery on-

the-fly.  

Introduction 
 

Current online maps of almost all campuses 

(e.g., Universities, Hospitals, Government 

organizations, etc) are inadequate, as the data 

and information provided therein are typically 

2D, colourless, non-navigable and static in 

nature.  Besides being difficult to navigate, it 

is difficult to extract useful and relevant 

information quickly.  As a consequence, no 

online value-added information is available 

for people with a mobility disability and/or 

foreigners who cannot speak the particular 

language.  Indeed the presently available 

information at many University websites are 

simply a GIF image of the University map 

with little navigable feature information.  In 

addition, there is no mechanisms provided for 

the user to tailor, query or adapt the 

information in order to suite their particular 

requirements.   

 

The idea behind Functional Geospatial 

Information System (FunGIS) is to provide 

the following features: 

 

● Improve the overall service to disabled 

people wanting to use the University 

facilities by providing: 

● Features for fast, easy access to 

information 

● Help users find what they want 

● Information querying, not manual 

searching 

 

● Improve the information content that 

anyone would like to seek including 

addressing the special needs information 

such as disability access 

 

● Improve the performance of the system in 

a comprehensive manner so that the 

following could be achieved: 

● Consider the possibility of 

integrating the system with live, 

working information sources 

● Reduce information maintenance 

 

With the above broad objectives in mind, 

FunGIS had been developed, which has since 

become operational and is being extensively 

used by the student, academic and 

administration communities as well by 

external visitors of all types (e.g., high school 
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students, parents and other visitors). In this 

paper, we provide a comprehensive overview 

of FunGIS, its technical and other features 

and the underlying design considerations. 

The rest of the paper is organised as follows: 

section 2 provides a crisp survey of the 

literature that relates to FunGIS, including the 

importance of using GIS International 

Standards, while section 3 details the FunGIS 

project. Section 4 details the technology and 

implementation considerations, followed by 

section 5 on the Qualitative Comparison of 

FunGIS with other Systems. The conclusion 

summarises the paper and provides details on 

issues and functionalities to consider for 

future refinement of FunGIS. 

 

1. A Survey of Related Literature 

 

Geospatial Information Systems (GIS) 

provide the ability to store and provide access 

to spatial data (shapes, locations and paths) 

with attributes (e.g., name, height, road 

surface and a host of other features).  A 

typical GIS system is composed of  two 

primary components (besides others), namely 

a database and an application environment 

[18]. The database is used to manage raw 

spatial information and attributes, while the 

application environment connects the 

database to provide additional functionality, 

such as web mapping services, visualisation 

and editing.  Several GIS systems are 

available in the commercial world and 

WhereIs
TM

 [1] and Ingress
TM

 are perhaps two 

of the well-known example GIS systems. 

 

Beard and et al[24] describe how 

Geosciences Australia has developed 3D 

VRML (Virtual Reality Modelling Language) 

models, to display interactive 3D web 

mapping. To create 3D information of real 

world objects, another software is used so that 

objects are exported and compiled to create 

VRML models. The model supports synthesis 

of 3D objects and 3D data types, and also 

interacts with large amounts of 3D 

information within a 3D space. As a 

consequence, products can be distributed over 

a large network of users via Internet.  Similar 

to FunGIS (see figure 1), this work employs 

contours and cross sections to summarize 3D 

into 2D so that one can view and interact with 

the information in 3D. This approach helps to 

monitor the spatial relationship between the 

features of 3D objects. Further, Beard, et al. 

have employed this approach to develop a 3D 

flythrough for the Australia-New Zealand 

maritime boundary negotiations. Their 

website currently holds, four 3D models 

(http://www.ga.gov.au/map/web 3d) 

containing large amounts of complex 

geosciences data, represented by points, lines, 

planes, triangulated surfaces(DEM) ,volumes 

,3D objects. The strengths of the Beard and et 

al  work include the provision of a good 

visualization interactive GUI, use of DEM 

and ease of use over large areas, such as, 

ocean surface or hill area. However, the 

limitations include, dependency on VRML 

viewers, difficulty in customization, poor 

user-interaction due to limited bandwidth and 

sparse source data availability. 

 

 
Fig.1:Output of FunGIS (Left) and of one of the project 

Developed using VRML models(right) 
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Dollner and Kersting [25] describe a 

dynamic 3D mapping technique containing 

3D objects, which provides users with a 

visual interface of the environment as well as 

powerful design capabilities for map contents. 

The maps can also be customized during run-

time by using an embedded scripting 

language (typically TCL/TK). The strength of 

the work includes the provision of  map 

objects that supports animated and interactive 

information display and easy of customization 

using the embedded scripting language. The 

limitations include the need to use the (limited 

capability) embedded scripting language, lack 

of focus on details of a given area (rather 

deals with a very large area at a time) and 

little tailoring for disabled people. A quick 

comparison between this work and FunGIS is 

shown in Figure 2. 

 

                  

 

             

 
 

                 

 

                    

Figure 2: comparing outputs of dynamic 3D maps and FunGIS. 

 

Retscher and Thienelt [26] describe a research 

project at Vienna University of Technology, 

aimed at improving the navigation services 

for pedestrians. They provided three different 

ways for addressing navigation system, 

namely,  integrated positioning, pedestrian 

route modelling and multimedia route 

communication, while FunGIS uses only the 

second technique. They have used 

technologies, which mainly include Satellite 

Positioning technologies (GNSS) and indoor 

location techniques, cellular phone 

positioning, dead reckoning sensors. 

Pedestrian navigation services require 

continuous positioning and tracking of a 

mobile user with accuracy and reliability, for 

which different sensors and sensing 

mechanisms are used in to determine the 

user’s current position. In FunGIS, the 

Integrated positioning package performs the  

tasks such as, real time tracking of 

pedestrian’s movement to locate the user with 

high precision in 3D, achieve a transition of 

user from indoor to outdoor areas. GNSS is 

implemented most commonly for outdoor 

navigation and for indoor positioning 

different short or mid range technologies are 

used consisting of sensors such as 

transponders or bacons, active badge or active 

bats system, ultra wideband systems (UWB), 

Bluetooth, mobile positioning using cellular 

phones. The strength of the work includes 

provision for both indoor and outdoor 

positioning of the pedestrian, display of the 

path from current location to the desired 

location, whereas, the limitations include lack 

of real time objects in the user interface which 

need not be a 3D environment. 
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Winter and Tomko [37] discuss Mobile maps 

that show the current position of the 

reader/user in the centre. They compare 

paper-maps and the mobile-maps on the basis 

of parameters like the purpose of their use, 

affordance, and handling. Further, they define 

the mobile maps as one of the means to 

communicate spatial information to the client 

and depicts the use of mobile maps by the 

location based services for spatial decision 

making with respect to immediate 

environment. They discuss various issues that 

are of concern for mobile maps, such as  

carrier, body posture during reading a mobile 

map with bird’s eye view or perspective 3D 

view, level of map reading expertise in 

mobile map reading which needs minimal set 

of accepted procedure and experience. They 

state that the implementation of the mobile 

maps (focalized mobile maps) requires the 

integration of an additional sensor, a digital 

compass aligned with the mobile device. They 

define two approaches to the design of the 

system, a client-server based architecture and 

a client-based architecture for local spatial 

database. The strengths of the work includes 

the ease of use and implementation of mobile 

maps on mobile devices. Moreover, the maps 

can be created on demand and relate to a 

specific information need of the user. It can 

be used for local orientation, local guiding, 

way finding, planning and so on by expert as 

well as non expert users. The limitations of 

the work are, mobile maps are used on 

demand for one time use only and they are 

based on the current position of the user. 

Further, the work does not provide a detailed 

3D modelling of the real word objects such 

as,  buildings, trees, roads and possibly may 

not provide query results in 3D format. 

  

Verbree  and et al [28] provide a description 

of Karma VI, a project developed at Delft 

University of Technology as part of the 3D-

GIS and Virtual Reality project, which uses 

technologies, such as GIS, VR and CAD 

having central GIS & central VR as the major 

components and a central data server. They 

selected the Spatial Data Engine (SDE) as the 

central GIS and the World Toolkit as central 

VR-system. CAD model data is imported 

from external CAD systems and become part 

of VR system. Karma VI uses three types of 

visualization schemes which are: Plan view, 

Model view and World view. The strengths of 

the work are that it allows creation and 

interaction of virtual world view and to model 

different entities in the real world which can 

be helpful in the areas like Railroad station. 

The system can act as a client on the central 

data server and many users can access the 

same data simultaneously. The limitations are 

that it is less useful for the common users and 

primarily used for GIS data presentation in 

the format of virtual environment. Further one 

cannot trace a path or find a particular 

location in the area until implemented for the 

purpose. 

 

Zlatanova and Verbree [29]  describe LBS 

(Location Based Services) and analyse the 

state-of-art of technology towards 3D LBS 

with respect to the four important aspects of 

LBS namely standards, positioning, 

visualization and geo-DBMS. They focus on 

the possibility of LBS to step towards 3D 

positioning although it states that Global 

positioning devices (GPS) is the easiest and a 

relatively accurate way of 3D positioning. 

They also discusses few drawbacks and 

difficulties in using GPS. The limitations of 

the work include, distributed satellite 

availability, capturing of location information 

and sending it to the LBS server,  non-3D 

user interface, so it lacks information, such as, 

slope, height and so on, only 50m margin to 

improve the accuracy and less useful for 

disabled people or in a small area. The 

strengths of the work includes providing 

accurate information with complete 

availability of satellite and ability to work 

inside the building also. 

 

Faust and et al [30] present a general 

approach to data organization and real-time 

exploration based on a novel global 

hierarchical data model, providing a 

framework, which has been applied 

successfully to variety of data such as terrain 
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elevations, photo textures and imaginary, 

maps, buildings, moving or flying vehicles, 

weather and other data (MAP terrain or 

handling terrain data). The GUI of the system 

has two ideas view ( has maps, things that are 

close or far away & things that are blocked by 

other things) and view-dependence ( retrieves 

the data by the things in GUI.)  The authors 

explain how large objects, such as buildings 

and weather clouds, can be fitted efficiently 

along with the terrain. The  strengths of the 

work include a framework, which is both 

scalable and general, provision for improved 

detail management and interactive 

visualization framework. Few limitations of 

the  

work are that even though it may be used for 

world wide view as well as a local view, for 

effective for global view, one has to use 

navigation guidelines (e.g., as in finding a 

particular building in some university 

campus). 

 

 

 

 
 

http://www8.garmin.com/aboutGPS/ 

Fig.3: Comparison between the outputs of typical Garmin GPS and the Fun GIS 

 

2.1 Brief Comparison of FunGIS and 

Garmin GPS System 

As shown in the figure3, a typical GPS 

system shows the map and a route that is to be 

followed between source and destination [27, 

33], whereas FunGIS provides the 3D view 

and creates a virtual 3D environment of the 

path between source and the destination.  A 

GPS generally does not use Digital Elevation 

Model (DEM) and map terrain, so level of 

details of objects in the mapping is minimal 

[31, 32]. On the other hand, FunGIS provides 

maximum level of details even on the minute 

factors such as, representation of intersection 

of paths in 3D environment. GPS can be used 

on a global platform, but FunGIS is currently 

restricted to a particular area. A typical GPS 

system handles simple and medium queries. 

Some GPS system has facility for voice 

interaction with the user. 

 

2. The FunGIS System 

 

The principal aim of the FunGIS project is to 

produce an online Campus Mobility Map 

(CMM) as part of a larger GIS being 

developed in our research group. From an 

end-user point of view, the CMM will offer 

the following facilities: 

 

 Compute and display the best means 

to move between any two locations 

given the constraints of their 

disability, 

 Allow the user to discover 

accessibility information about 

individual buildings and rooms, 

 Allow the user to discover the 

locations of services and facilities 

relevant to their disability, and 
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 Provide these functions through a 

dynamic, graphical, web based 

interface/environment. 

 Perform user evaluation of the system 

with a view to enhance scalability, 

performance and effective geospatial 

map rendering over a variety of media 

types. 

 Provide geo-spatial functionality over 

a wide variety of devices, including 

but not limited to the following: 

Standard computer, Palmtop, 

IPod/IServer or equivalent and GPS 

Navigator, will also be developed.  

 Make available several types of multi-

media rendering of the underlying 

components of the system and the 

University environment. 

 Be fully compatible with various 

international Standards developed by 

the OGC (Open Geospatial 

Consortium) [35]. 

 

3.1  Provide Overall Services Architecture of 

FunGIS 

 

Producing the CMM is essentially a project in 

software development (i.e., creating the 

‘application end-product’) and data collection 

and management (i.e., adding useful data into 

the end-product) is a software maintenance 

activity. Through our preliminary work, we 

have addressed most aspects of the 

requirements analysis and design issues for 

this project.  We have also collected campus 

map data from the Facilities Management at 

the University, and have successfully 

converted them to a suitable Standard Data 

format for import into a Sybase database. 

Furthermore, we have already assessed and 

selected a number of software technologies 

that will be used to implement the CMM.  

Thus, PostgreSQL
TM

 [2] with PostGIS
TM

 [3] 

extensions have been used as the database 

system, and the MapServer
TM

 [4] application 

framework have been used to develop the 

application specific features. 

 

The first version of the CMM system is 

essentially a specialised map viewing 

application.  Initially this project did not 

provide the capability to directly edit and 

update the geospatial information used by the 

system. However, the PostGIS database is 

compliant with the OGC SFSQL
TM

 [5] 

interface specification, thereby allowing it to 

operate with other OGC
TM

 compliant systems. 

This particular feature, therefore, widens the 

opportunity for the data used by the system to 

be maintained through the use of commercial 

off-the-shelf products. 

 

Fig.4 shows the software architecture of the 

FunGIS system, whose various components 

are explained below: 
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Figure 4: Software Architecture of the Proposed CMM System

Multimedia Information Server

Multimedia Layer Manager

Multimedia Data Server

 
 

 Apache is a free open source HTTP web 

server and is typically the first point of 

access to the system. It serves content 

generated by MapServer as well as static 

pages. 

 

 MapServer is a system for developing 

web based GIS applications. MapServer 

generates 2D map images from geospatial 

data and serves them to clients through 

Apache. It also produces supporting web 

interfaces making map navigation and 

querying possible. 

 

 OGR is a library that provides operations 

for retrieving and working with vector 

data. In particular, OGR provides an 

abstract interface to the spatial data 

storage method from MapServer. 

 

 PostgreSQL is an object-relational 

database management system (DBMS). 

PostgreSQL is used to store all geospatial 

data used by the application. 

 

 Metadata Repository contains relevant 

metadata [7] on the GIS so that the 

painting of the 3D map can be achieved 

properly.  Meta data is data that describes 

other data.  For example, the 2D data 

could have extra attributes describing it’s 

3D characteristics. 

 

 Data Ontology refers to the collation of 

data over a cataloguing system so as to 

facilitate data accessibility. This ontology 

will be based on the DIGWIG 

International Standard Format, namely, 

DIGEST Format [8]. 

 

 Multimedia Rendering refers to a suite 

of services which will provide several 

types of multi-media rendering of the 

underlying components of the system and the 

University environment. 
 

 Web Brower functionalities will be such 

that geo-spatial functionality over a wide 

variety of devices, including but not limited to 

the following: Standard computer, Palmtop, 

IPod/IServer or equivalent and GPS 

Navigator, will be made available. 
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The above components will be integrated and 

extended to provide the necessary 

functionality. The majority of system 

development will be performed under 

MapServer and PostgreSQL environment and 

the remainder of the system requires 

installation and/or configuration only. 

 

Visualisation and human interface functions 

are to be provided by MapServer.  

Unfortunately, MapServer does not in itself 

provide a complete solution, and must be 

extended to allow visual querying of the 

CMM. This involved completing the 

following tasks: 

 

 Configuring MapServer to display the 

base map, 

 Developing a suitable interface 

allowing users to visually formulate 

various queries, 

 Writing code allowing MapServer to 

pass the queries to PostgreSQL, and 

 Configuring MapServer to 

appropriately visualise results by 

drawing the base map and highlighting 

and labelling paths, buildings, roads 

and facilities. 

 

These tasks were simplified through the use 

of MapScript, a scripting interface to the 

services provided by MapServer, which 

allows us to avoid a development-intensive 

interfaces by reusing pre-built components to 

provide the functionality we require and 

organise our work in a manner consistent with 

the project aims. 

 

Whilst PostgreSQL provides spatial data 

storage and access, it provides only a limited 

degree of spatial access and analysis methods 

required for the CMM.  PostgreSQL has been 

extended to include specialised functions for 

querying spatial data with accessibility 

attributes. The additional methods we 

developed include the following: 

 

 Calculation of Shortest Path: calculate the 

shortest path between two points on the 

campus, utilising accessibility information 

to provide an accessible path 

 Closest X: locate a service or facility 

closest to a given point (e.g., location of a 

disabled parking lot that is close to a 

particular building in which a lecture is to 

take place) 

 Closest X over network: locate a service 

or facility closest to a given point, with 

the requirement of traversing a particular 

network (such as accessible paths) (e.g., 

location of a bus shelter close to a 

particular building) 

 Shortest path (external in): calculate the 

shortest path to a point on the campus 

from an external road, giving 

consideration to the location of disabled 

parking with respect to the target location. 

 Creation of suitable metadata and 

ontology so that 3D maps can be painted 

appropriately. 

 Additional multi-lingual data overlay 

facility (subject to the creation and 

availability of multi-lingual map data) so 

that students of non-English background 

could navigate the 3D map of the 

University. 

 

Software required to implement the above 

methods require extensive database access 

and would be slowed significantly if the 

calculations were to be performed external to 

the database. Therefore, for reasons of speed 

they shall be developed as functions inside 

PostgreSQL using the PL/pgSQL procedural 

language. Additionally this improves the 

design of the system by containing spatial 

processing within the database - as opposed to 

having MapServer query, process and then 

display the data. 

3. FunGIS Technology & Implementation 

Details 

4.2.1 Obtaining a DEM and Draping/Stitching 

Paths onto it 

 

Obtaining a Digital Elevation Model (DEM) 

was a significant problem.  A contour map 

was available in CAD, however, upon 

extraction of this data, there was no additional 
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information for it to be useful (i.e., the height 

of each contour line was not available) and 

such data sets alone would involve much 

guesswork.  Fortunately some spot heights 

were available to generate an interpolated 

height-field from.  However, these data sets 

were exactly perfect and, as is typical in most 

Universities, they do not entirely cover the 

entire campus, and were not clearly marked, 

including outlier data values.  With a little 

trial and error, an approximate height-field 

data sets were obtained.  Originally a regular 

grid of heights was used 513 x 513 in 

dimension, and covering an approximate area 

of 1km-by-1km.  A Continuous Level Of 

Detail (CLOD) algorithm [11] was used to 

reduce the number of triangles that had to be 

drawn, based on distance to the camera (see 

Figure 5).   

 

A problem however, was stitching/draping 

paths with the height-field terrain.  To 

generate geometry that is seamlessly 

connected from 2D line strings, is not an easy 

task.  Take for example, the intersection of 

several paths, which works nicely in 2D, but 

when producing 3D geometry, the path must 

have an extra dimension to it, namely a width.  

Further, if two almost-parallel line segments 

(straight lines connecting two points within 

each path’s line string) meet at a single point 

is alright in 2D, but in 3D, naively giving 

these two paths a fixed width would result in 

overlapping polygons in some situations (e.g., 

small segments and large/small angles).  Even 

if the path could change the width along its 

length, it would look messy, with thin, non-

uniform triangles/polygons.  One solution 

could be to find every intersection point and 

generate a triangulated polygon at each 

intersection, and then making each coinciding 

path end at those new points. 

 

In addition to the problems with generating 

geometry for intersecting paths, there is also a 

problem of paths cutting into terrain (see 

Figure 6), or having gaps between the path 

and terrain.  This is due to how segments of 

2D line strings representing paths are draped 

onto the terrain surface.  Currently it is just 

based on the heights of the terrain at each of 

the four corners of the quadrilateral formed in 

3D from the line segment representing that 

section of path.  A related problem was due to 

the fact a view dependant Level Of Detail 

(LOD) system was being used for the terrain.  

Draping polygons over the surface can result 

in intersection with the terrain in areas of less 

detailed triangulation further away from the 

camera viewpoint. 

 

A possible solution is to make the path 

polygons part of the terrain, and to use a static 

Triangulated Irregular Network (TIN).  The 

TIN would be produced using an error metric 

as in [11], which gives each point on the 

original gird height field and importance 

based on its roughness (i.e., the difference 

between normals of neighbouring points).  

Then using a threshold, a subset of points (the 

most important points) could be attained and, 

further using Delaunay triangulation [34] give 

reference here] on this subset of points, a 

static TIN is formed consisting of far less 

vertices (by about a factor of 100) with little 

loss in detail (see Figure 7); consequently a 

CLOD algorithm would no longer be needed.  

Rough sections are represented with more 

triangles, whereas relatively flat sections can 

be represented with fewer triangles.  LOD and 

adaptive quad trees could still be used though 

for other objects, to speed up rendering of the 

scene.  For example, objects far away from 

the camera could have their textures dropped 

in detail or be made flat/shaded.  Although the 

terrain and path data would be stored 

separately, a pre-computation phase could 

move points on the terrain slightly to stitch 

seamlessly with the path polygons, or perhaps 

find and add more points to areas, where there 

are gaps or cuts between the path geometry 

and terrain. 
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Figure 5: Original grid height field with CLOD algorithm 

 
 

Figure 6: Path cutting into terrain 
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Figure 7: TIN height field 

4.2.2 Polygon Triangulation 

 

Triangulating arbitrarily shaped simple 

polygons proved to be a non-trivial problem 

in that GIS data sets usually contain polygons 

representing boundaries of specific areas, 

sometimes with holes (although in our data 

we have avoided producing holes in polygons 

for simplicity of implementation).  Although 

OpenGL triangulates polygons, it only works 

properly on convex polygons.  Thus to draw 

non-convex polygons, such as roofs on 

buildings using building footprints, their 

corresponding data sets must be triangulated 

first.  Triangulation is usually also required 

when performing point in polygon tests, such 

as on non convex polygons representing 

vegetation boundaries.  There are many 

algorithms on triangulating simple polygons 

with or without holes, and they all vary in 

running time, implementation complexity, 

and the quality of the triangulation.  A non-

convex polygon is usually decomposed into 

trapezoids or convex polygons using sweep 

line tests, and then triangulated [19]. 

 

For the purpose of triangulating simple 

polygons, initially the Java API was 

investigated as a triangulator, which has since 

been deprecated.  Free source code was then 

sought, and at the time all that seemed to be 

available was C source for ‘Fast Polygon 

Triangulation based on Seidel's Algorithm’ 

[16].   A Java port was tried, however it was 

the realised that this code seemed to have 

several bugs, in addition to the trouble of 

compiling it.  A Java implementation of a fast 

and simple trapezoidation algorithm [14] was 

attempted, however due to several 

ambiguities in the paper this could not be 

completed.  However, after extensive 

correspondence with the author, he provided 

the C source code based on an updated 

version of the algorithm as part of his thesis 

[15].  After adding some code to read in 

polygon data from a file, the code had failed 

on a handful of polygons – some polygons 

with which sweep lines intersected multiple 

horizontal edges.  It was found that this was 

not due to the algorithm itself (this case was 

covered), but due to round off error in the C 

source code. 

 

As a next step, the FIST (Fast Industrial 

Strength Triangulation) [20] algorithm was 

investigated.  It is the fastest code for snaky 

polygons with long segments, but the slowest 

code for extremely smooth polygons that have 

irregularly distributed vertices.  It is the most 

robust code for real-world industrial data, 

produces nice triangles and can also handle 

3D polygons
1
.  Recently, Poly2tri [17] has 

become open source and is the fastest code 

for very smooth polygons with short 

segments, and the slowest code for very snaky 

                                                 
1
 Currently it is available freely for academic use, 

however, for commercial use there is a license fee.   
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polygons with long segments.  Further, it 

tends to produce very long, thin triangles.  

Fortunately, Poly2tri is more than adequate 

for our purposes. 

 

4.3  Description of the 3D Tour Component 

4.3.1 Software Choices and Alternatives 3D 

 

While developing the 3D tour component, we 

encountered several commercial systems 

capable of fulfilling some or all of our 

requirements for the 3D virtual tour.  

Amongst these were Multi-Gen Paradigm’s 

SiteBuilder3D [9] (and OpenFlight standards 

[12]) and ViewTec’s TerrainView [10].  

SiteBuilder3D enabled the customisable 

visualisation and generation of 3D data from 

2D data using an ArcGIS plugin.  However, 

deploying a 3D client over the web was not 

achieved with SiteBuilder3D alone.  

TerrainView, however, was a full scale 

solution, providing conformance with many 

standards and file formats (including 

OpenFlight).  It offers facilities to import and 

edit 3D geospatial data, and to actually 

deliver and render that data on the client, with 

a multitude of options. 

 

4.3.2  3D Tour Implementation Details 

 

With budget prohibiting, a decision was made 

to internally develop a smaller scaled version 

similar to these software packages.  The two 

main requirements driving the 3D tour 

component were: 

 

1) Ensuring ease of data 

collection,  

2) Use minimal bandwidth 

requirements.  

 

It was decided that a custom application 

would be developed with JOGL (a Java 

binding of OpenGL) [22] using the Eclipse 

IDE [13] in order to provide a walk 

through/fly-by-view of a 3D scene depicting 

the major features of the University, such as 

buildings, paths and roads, and approximate 

heights of the terrain.  This application has 

been deployed using Java Webstart 

technology [23] and procedurally generated a 

3D scene based on the 2D data that had been 

collected and stored in an .xml file on a web 

server  Although it is experimental, and 

features are incrementally being added as 

more data is being collected. 

 

JOGL allows full access to the OpenGL 2.0 

API specification through abstraction, 

including most vendor extensions, seamlessly 

integrating with the AWT and Swing 

interface sets. Its strength lies in hardware 

accelerating the clients interface to provide 

the triangle power required to display the 

scale, magnitude and intricacies of the 

campus. 

 

Procedurally creating a 3D scene from lower-

dimensional data avoids the need to send huge 

amounts of hand-modelled geometry over the 

network.  Data collection has been carried out 

in 2D, conforming to OGC standards for data 

types, and procedurally translated into a 3D 

scene, using a combination of xml, a scene 

graph, and some 3D models.  While the 3D 

scene does not necessarily look entirely 

realistic, it does represent basic geospatial 

relationships between physical objects, such 

as relative positions and sizes. Meta-data 

attributes on geometry features provide 

further information within the 3D context, 

such as names of buildings.  Since the amount 

of data is small, the 3D client can just request 

an .xml file from a web server (not unlike the 

X3D International Standard VRML schema 

[21]). 

 

Generating the scene involved 

generalising/simplifying physical objects, for 

easy procedural generation with minimal data 

overheads.  In addition, pathways and roads 

have been generated from 2D line-strings by 

draping vectors over the height-field. 

Buildings have been generated by extruding 

2D polygon outlines to a specified height, 

wrapping textures, and even using multi-

texturing to approximate the appearance of a 

generic building.  Vegetation has been 

randomly placed in distinct regions as defined 

by 2D polygonal boundaries.  Other features 
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such as stairs, bridges, and car parks have also 

been visualised.  In addition, various 

“landmark” features have also been imported 

as 3D models, aiding navigation. 

 

It is obvious that these automatically 

generated features could not be stitched 

together seamlessly, as with hand-modelled 

3D scenes.  For example, roads and paths just 

modelled as 2D line strings cannot easily be 

translated to seam perfectly in 3D - the data is 

just not there!  To make further assumptions 

on 2D line string data (such as the angle at 

which paths may meet at) for the sake of 

producing an algorithm to better translate this 

data to 3D, would involve the introduction of 

significant complexity in the 2D data 

collection procedures. 

 

In addition to visualising static features, 

queries could also be visualised in 3D and 

linked in with the corresponding 2D 

visualisation of the query.  For example, a 

route calculation highlighted on the 2D CMM 

can be visualised in 3D, providing an 

alternate view of the data.  Textual 

descriptions of 3D features can also be 

incorporated, or even URL schemas to link in 

with the University web pages. 

4. Qualitative Comparison of FunGIS with 

other Systems 

 

The FunGIS system is being operationally 

used. Presently the University information 

system lacks geospatial awareness and, as a 

consequence, does not aid the movement of 

disabled students and staff.  Further non-

English speakers and first-time visitors are 

also considerably affected by such a lack of 

geospatial awareness.  One of the goals of 

FunGIS is to seed a sense of independence to 

disabled students and first-time visitors to the 

facilities available so that they can navigate 

through them on their own accord.  In this 

process, the University’s goal towards 

managing disabled students is adequately 

satisfied.  It is noted that this facility has been 

profitably used by non-disabled students and 

staff also. These issues have been addressed 

through simple table-translations (from 

English to other languages and vice versa). 

The system also supports non-Latin scripts 

also, where the display system (or underlying 

operating system) supports such features. In 

Table 1 below, we compare the various 

features of other systems, in the light of the 

features of the FunGIS system. 

 

   Para- 

       meters 

 

Papers 

Queries 

(How user  

Ask for 

info.) 

Access time 

to 

Download 

 

# of users 

supported 

Types of user  

 

         GUI 

3D Web 

Mapping 

[24] 

Simple 

Queries 

Few seconds, 

may take few 

minutes 

Supports  

Multi-user. 

-Wide rang of 

audience 

-non technical 

people. 

-Provides user friendly 

interface 

-provides spin to the map 

around a point 

-3D virtual viewing area 

-can change to 

orthographic view 

-has buttons for making 

change in view. 

Dynamic 3d 

Maps [25] 

  Multi-user 

support 

-not for 

common or 

disabled 

people 

-still can be 

used by wide 

range of users 

-User interactive, visual, 

animated interface 
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Table 1: Qualitative Comparison of FunGIS with other Systems 

5. Conclusions 

 

This paper describes a geospatial system, 

FunGIS, that replaces a typical GIF formatted 

map of an organization. FunGIS provides a 

good DEM model of the surroundings, 

including vegetation, footpaths, and other 

facilities. The FunGIS system has 

significantly assisted the several Universities 

in Australia, in achieving the further 

consolidation of its Disability Action Plan [6].  

In addition, the system is capable of providing 

information on-the-fly to any type of users.  It 

also proactively address issues relating to 

safety and security in the campus and shortest 

paths/roads to a particular building or a 

classroom (additionally, with a condition that 

the path must be lit at night), and a host of 

others.  Furthermore, the CMM interface and 

the database, could potentially be used as 

information and planning tools for disability 

management both at individual level and at 

the corporate level. Furthermore, once multi-

lingual data sets become available, multi-

lingual 3D map have also been relatively 

easily generated.  The latter issues are of 

considerable importance to non-English 

speaking students and visitors also. 

 

Presently, several types of evaluation on 

FunGIS evaluation on-going, which is 

elaborate and is being attempted using several 

types of survey questionnaire. Furthermore, 

software performance of the system in terms 

of: i) number of transactions/sec, ii) the need 

for mirror servers, iii) number of user scaling 

requirements, iv) average time for executing 

simple, medium and complex queries and 

various other issues are being investigated 

empirically. A PDA version of the system is 

also being currently implemented. 

 

With regard to the 3D tour implementation, 

there are many limitations which can be seen 

as areas for future research.  The common of 

those limitations seems to be the lack of data 

and algorithms for procedurally generating an 

immersive 3D scene.  There are many trade 

offs to be made, especially between accuracy 

NAVIO-

Navigation 

services for 

pedestrians 

[26] 

Medium 

queries 

 Multi-user 

support 

-mobile users 

and 

Pedestrian  

 

Interface is similar to that 

of a typical GPS. 

Shifting the 

Focus in 

Mobile Maps 

[27] 

 Depends on 

the client 

Multi-user 

support 

-generally 

people who 

knows some 

of map 

reading 

 

Verbree E 

and et al [28] 

  Multi-user 

support 

Not used by 

common 

people. 

-photo realistic 3D view 

-also supports creation of 

2D,3D real world 

geometric objects. 

3D Location-

Based 

Services [29] 

Queries 

for mobile 

devices or 

cell 

phones 

 Multi-user 

support 

Users with 

mobile 

devices or cell 

phones 

-high resolution, high 

speed 3D graphics with 

3D visualization. 

Faust N., and 

et al , Real 

Time Global 

Data Model 

for the digital 

Earth [] 

 15-30 frames 

per second 

  -3D graphical view with 

virtual environment 

creation of earth. 
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of the scene and ease of data collection and of 

course, various improvements could be made, 

but they would come at a price! Some of these 

possible improvements, on which we are still 

working on, are listed below: 

 

● User feedback system 

● Data Quality 

● User Interface 

● Detailed Digital elevation model for 

use with 3D client 

● Detailed modelling of buildings 

● External details 

● Possibly interior details 

● Visualisation of query results in 3D 

● Improved packaging and delivery 

● Multimedia integration (vocal 

descriptions, panoramic photos) 
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