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Abstract: Using landscapeobjects with gecvisualisation tools to create 3D virtual
environmentsis becoming one of the mogirominent communicationtechniquesto
understand landscap®rm, function andprocesses Gegvisualisation tools can also
provide useful participatory planning support systems to explore currentfudinc
environmental issues such as biodiversity loss, crop failure, competing pressuazion
availability and land degradation. These issues can be addressed by understanding them in
the context of their locality. In this paper we discuss some of the technologies which
facilitate our work on the issues of sustainability and productivityd attimatelysupport

for planning and decisiemaking. We demonstrate an onlineandscape Object Library
application with a suitef gecvisualisation toold¢o support landscape planning. This suite
includes:a GIS basetlandscape Constructor to@modified version of a 3D game engine
SIEVE (Spatial Information Exploration and Visualisation Environmant an interactive
touch table display. By integrating the Landscape Object Library with this suite of geo
visualisation tools, we believe we devetdpa tool that can support a diversity of
landscape planning activities. This is illustrated by trial case studies in biolink design,
whole farm planning and renewable energy planning. We conclude the paper with an
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evaluation of our Landscape Object Lilyr@and the suite of geographical tools, and outline
some further research directions.

Keywords: landscapevisualisation; digital object library 3D virtual environments
landscape planningarticipatory planning support systengecvisualisation tools

1. Introduction

Before the advent of geographical information systems (@I8yrers werdimited in their ability
to simulateand explorevhat if?scenariosisingcomputefbased digital worlddt is adifficult task for
the brain tolook at papebasedmaps andmentally overlay and query multiple data layers and
visualise the resultPaper based approaches do not enkridscape planners, policy makers and
scientists who need to deal with a myriaddattasets andomputer simulation model® explore
decision spaces interactively and in nesal time. Data driven visualisations are often intended to
provide a realistic surrogate for actual environments and can enable planners and decision makers ti
explore real decisions through simulatgédae and place. Williamet al. [1] state that the necessary
selection of landscape elements to create such landscape visualisations often raises comple:
psychological, ethical and technical issues. In this paper we will not focus on the psychological and
ethical issues of data visualisation, rather on technical issues in building an integrated suite of
geovisualisation tools to support landscape planning.

The advancement in computer technologies, not only in terms of computer networking, but also in
hadware support, provides opportunities for landscape vsatiaih approaches to suppgianning
anddecisionmaking. Landscape visualisation is focused on creati8D virtual environmenb view
and understand the environmental processes in a morenatiee way in order to recognise and
comprehend the unseen relationships between various entities, and the environmentatsprocess
Landscape visualisation has substantial advantages as an investigative and communication medium i
designing these new larmpes and enhancing the debate around complex -dnmakinsional
problems such as climate chanjgg

3D virtual environmentcreation withreal data might include both manual and/or automated
processes using computers. Looking at the real world whereenmimns of entities to be modet
to represent natural and built features there is much to be done in digital object creation. Object
creation, not only two dimensional (2D), but also three dimensional (3D), needs expertise and access
to good modellingtools and resources. The Google 3D wareho{ndtp://sketchup.google.com/
3dwarehousg/is an example of the recent advancements in publically accessible 3D object
repositories Storing these objects in a common repository over a computer network reguires
dedicated object data warehouse which enables users to access thetse fije anywhere at
anytime.MacEachreret al.[3] stated that spatial data access can be supported by the various abstract
techniques of gewisualisation. Incorporating scientii data along with thedigital object
representationts a challenging tasiknd one which we endeavoured to address in our research.

Landscapananagement a complex process and requires multiple stakeholders and experts from a
range of disciplines to wortogether to collaboratively design and evaluate futyotons Likewise,
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landscape perception is multifaceted, and leaves room for improving existing landscapes in a 3D
virtual world [4]. Stakeholders fronacrossindustries, people from different backgrounds, scientists
and planners are all important players in landscape planning. Therefore, supporting a collaborative
approach requires having spaces where stakeholders and experts can explore land managesent
There are a number of technology tools that can assist in participatory planning exercises, including
spatial information tools such as geographical information systems (GIS) and haptic devices such as
touch screens. Touch scregps touch tablesarevery good at recognising finger movement on the
screen surface, and allow the user to draw elements using hand gestures and view data, whilst bein
large enough to provide room for people to physically become involvéteicollaboraton. In the
following sections we discuss some of these technology components, and hotegratedthese to
support landscape planning as discussed in the context of case study xandedaken in
Victoria, Australia.

The purpose of this studyasto demonstrate the paitial of:

1 The Landscape Object Libramgn online secure (requires a username and a password to
access it) digitabbject repositorysupporting the creation of the 3D virtual environments in
Victoria.

1 A suite of geevisualisation tools (that act as an rfidéee drawing on the Landscape Object
Library) that includes: (i)A Geographical Information Systems (GIS) based customised
extensioiiLandscape Constructor ver. 2.0. The Landscape constructor is an extension in ArcGIS
9.3 which enables users to design Erapes on a 2Burface(modelling real world elements on
a X and Y surface by drawing point, line and polygand then create 3D scenar{osodelling
real world elements on a X, Y and Z surfabg) harnessing the objects frotine Landscape
Object Library (ii) A Touch enabled screen to engage peoplearticipatory decisiommaking
processes and (iii) A visualsaion tooli Spatial Information Exploration Visualisation
Environment (SIEVE]5]).

The system combining GIS, touch table technology and 3D isstiah would be used by people
as a collaborative planning tool. In a typical workshop environment people would interact in the same
place and same time (SP/ST) corner of th@tBraction Communication Protocol cube proposed by
vanLammereret al [6].

Before undertaking a land use planning exercise, for example planning a Wadirdn area of
nativevegetation established to provideological connectivity betweesxisting conservation areas or
zoneswith remnantnative vegetation as described in thi paper, a number of fundamental GIS
datasets and input parametars required. For our study this included: density of vegetation, depth to
water table, salinity measurements, soil type, Ecological Vegetation Class (EVC) biodiversity data,
high resolutio aerial photography, land use data and digital elevation model (DEM) data.

This information was obtained from various data custodf{angroup of organisations who have
access to the Landscape Object Library to upload and download objedtsgientisexperts and was
brought together in an integrated GIS workspace.

The touch tableitilised touch enabledcreentechnology which allowed scientists, policy makers,
landscape planners and others to vieevdhta and interact with it by pressing the fingerglassand
subsequently design the land use. The designed land use plan could be labelled with specific plan
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production types or natural vegetation uses. Once this was done, objects from the Landscape Objec
Library wereimported(through a databasealt) to populate the designed land use types. The final step
was being able to view tI8D virtual environment using SIEVE.

The Landscape Object Library a prototypeepository of digital objects representing vegetation,
animals, farm equipmestand buit infrastructure, which has been hosted in a secure environment
through the Victorian eResearch Strategic Initiative (VeRSI) infrastructure. The library was made
available online to authorised data custodians and end users to deploy the objects ferotiagiou
applications Additionally, the Landscape Constructor (discussed in section 4) has been developed and
linked with Landscape Object Libraryo retrieve and deploy objects remotely in 3D virtual
environmentsin our case study, these technologieseANmought together to communicate and support
the exchange of knowledgmnd exploration ofvhat if? scenariosamongst scientist policy makers,
landscape planneendotherstakeholders based on a case study area focusing on the greater Grampian
region,southern Victoria, Australia.

2. AReview of Available Landscape Object Resources

3D virtual environments can be created using a numbkmolscapebjects which can be viewed
in different perspectives and dimensions. These perspectives and dimensions are measured from re:
world objects. Some objects are location specific (wind turbines), others are more spatially generic and
can be found everywhere withtle variation (houses). Surface objects are commonly divided into
geospecific (as actually exists at the location) and-typical (as can normally be found in the
vicinity). This distinction was first articulated by Grat al. [7]. Bishop et al. [8] extended this
distinction to four main classes of landscape objéatgi(el):

1 Specific: such as an actual identifiable buildings or trees. For example, the koerica
Tower in Melbourne;
1 Typical: individually located objects which are of the correctciE®e (e.g. Eucalyptus

camaldulens in the basalt plains north of Melbourne) or building style ,(éiay.Victorian
Terr ace trepreserit eadchdreeromhouse individyally

1 Representative: similar to typical but not individually placed. May be esedttwithin a
town or forest boundary
i Generic: randomly located trees or buildings (hguse, shed, factory, block of flats) not

specific or even necessarily typical to the location.

Figure 1. Four classes of landscape objects: Spédhie EurekaTower Melbourne;
Typicali a Victorian terrace house; Representatiugcalyptus camaldulensis tree species
on basalt plains; Generia t r ee . 0

Specific
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Figure 1. Cont.

Representative Generic

Typical andrepresentative landscape elemewssy with context. In the case of buildings the
vernacular architecture changes from country to country, between city to rural areas and over time. As
object libraries become populated with greater numbers of typical elements so the mapping on which
the landscape simulation is based can become more detailed in its attributes. The same applies ftc
vegetationwhich has typical species within mapped bioregions or vegetation classes. Our initial focus
was on objects appropriate for Victorian conditions.

Ervin [9] identifies the elements of landscape visualisation as landform, vegetation, water,
structures, animals and people. Landform and water form parts of the surface and do not require input:
from an object library. Their geometry is always specific whiletéxtures applied to their surfaces
could be any of specific, typical, representative or generic. With the increasing availability of high
resolution satellite imagery the land form texture is most commonly specific. The other Ervin elements
are thereforethe subject of this development. In particular we worked with structures (primarily
buildings) and vegetation. At this stage we have paid limited attention to animals and people (avatars),
though we have captured some of these in the Landscape Objecy.Libra

Creating and storing these landscape objects with the attribute inforrifaight, width, density of
an object in a regiardiscussed in section 3.2)eates sompracticalchallenges. It is not yet possible
that each and evergbject which comprises the real world would be modelled and stored in a
comprehensive attributed digital format. In recent years, some developments towards this aspirational
goal have been discussid].

The Victorian Department of Primary Industries (PRihd Department of Sustainability and
Environment (DSE) with the University of Melbourne aRdyal Melbourne Institute of Technology
(RMIT) University, are not only developing a collection of 2D and 3D objects, but are also making
these objectspenlyavalable tosupport the creation of 3D virtual environmentsgast, present and
future Victorian landscapg&l].

Such a collection of objects is referred to as a 3D object library. The Victoria Resources Online 3D
object library(http://www.dpi.vic.gov.a/dpi/vro/vrosite.nsf/pages/geovis_3d_object_libyamovides
a publically accessible resource for downloading such objects. The files are available in a number of
different formats. The formats include: .GIF, WRL, .3DS, .MAX, .X3D AND .FLT. There areemor
than 400 2D and 3D objects that can be downloaded and viewed in different software packages. The
Google 3D Warehouse provides an example of a global object library resource, whilst the Victoria
Resources Online 3D object library prowsce more extensiveollection of objec which are more
typical and specifito Victoria
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In recent years, there has been an increasing trend toward object creation, sharing, storage an
distribution. There are a number of online 3D objects libraries which allow usersvtdodd the
objects (freely or for a feeJhere are also a number of commercial 3D object libraries where objects
can be purchasedYhen conducting a search for availaB8D landscapeobjects aising the Google
and Bing search engines, abay$90,000 and,280,000resultswere found respectivel{@y10/2011).

In the table below, we have illustratechamber of keyobject library resourcethat contain some of
the landscape objects found in the Google and Bing search engine

All the sources of digital objég outlined in Tablel have been reviewed according to their cost,
proprietary and format sourc&.main point of difference between the object libraries is the quality of
the objects. Typically those organisations providing free services to downloatsgisdde products
of lower quality. Whilst those resources where an explicit cost recovery model is in place generally
provide higher quality, format and texture of the objefiis ¢xample 3dstudioandlenne3d). There
are some exceptions to this findinThe Google 3D Warehouse is one of the examples with a wide
range of quality models but texturing can be an issue when exporting objects to other file formats.

Table 1.Summary of some of the key object library resources available fromtdraet

Web link Service Types of objects Formats
type
http://sketchup.google.com/ Free |Aircraft, spacecraft, architecture, textur¢Google SketchUp (.skp)
3dwarehouse/ and environments, weapoitsjman,
materials, military angetc
http://artist3d.com/ Free |Life forms, nature, architecture, 3D Studio Max (.3ds)

electronics, household, transportatein |Poser (.pz3, .pp2)

http://www.the3dstudio.com/ | Paid |Animals, architecture, furniture industrigAutodesk 3D Studio MaRhotoshop,
lighting science/medicadtc Cinema 4D, Lightwave, Maya, Vue,
Blender and many others

http://www.exchange3d.com/| Paid |Aircraft, spacecraft, architecture, texture Autodesk 3D Studio Max,

and environments, human, materials, |Softimage|XSI, Adobe Photoshop,
military and weapons, water transport |Cinema 4D, Lightwave, Vue, Blende
bikes & motorcycles, medicalquipment, |and many others

railroad models

http://www.lenne3d.com/ Paid |Plants 3D plants (.flora3d) and 3D objects
(Collada/.dae)
http://www.3d02.com/ Paid |Insects, weapons, plants, planes, office|Autodesk 3D Studio Max, Photoshoy
cars, animals, sports, toons, planes, myCinema 4D, Lightwave, Maya, Vue,
etc Blender, OpenFlight(.flt)Poser (.pz3,

.pp2) and many others

http://www.the3darchive.com/| Paid |Animals, structure, star track vehicles, |Quick3D (.q30 and .g3s)
toys, shapes, nature, machine, computs
clothesetc

After looking at the present developments in the object libraries, we found that there is a shortage of
representative, typical or specific 2D and 3D objects suitable for Australian landscapes. Without
development of a new objective library the visualmativould have been restricted to use of generic
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objects which would be unsatisfactory to knowledgeable users. We also needed the objects to be
indigested automatically into other gersualisation toolsIn Victoria, collaborative effort@cross
governmentnd universitiehiave created objects and stored them in a prototype online librarynknow

as the Landscape Object Library. Theevelopment, for automatic access, application of the
Landscape Object Library will be discussed in the following sections.

3. The Landscape Object Library

The Landscape Object Library enables object custodians to make a collection of objects and store
them in a common repository, from where the objects can be accessed and deployed t8Drender
virtual environmentghrough geevisualisation tools such as a computer game enigygnend users
(landscape modellers)The Landscape Object Libralso enables users to share and reuse the
collected landscape object images. This increases efficiency and lessens the time taken wigen creat
new models or when modifying existing landscape models. Abasid object library user interface
has been created to facilitate usersod access t
Library extends the cascading style sheet (CS$)ementation of the Victoria Resources OnlBi2
object library(discussed abovdjy providing support to custodians through a secure and permission
based data base structure. The library has been developed as@io@ufept ands hosted onlindy
the Victorian eResearch Strategic Initiafiwee Figure 2. This potentially provides a resource for
scientists, landscape planngps)icy makersand stakeholders whaish tousesuch digitalobjects to
createtheir own 3D virtual environment® explore landcape form, function and critical landscape
planning issues such esmatechangeforest fire, deforestatiomndbiodiversity loss

The Landscape Object Libranyitially contairs approximatelyl00 objects(a subset of the Victoria
Resources Online 3Dbject library)including plants human made objects and animal imageshe
used as billboards)The application is written in Java 5.0 and abidly Java 2 Enterprise Edition
(J2EE) 5.0 standard. The J2EE technmsgsed in the application are JavageFaces (JSF).2,
Enterprise Java BedtJB) 3.0, OpenMQ and web servicdhe application is hosted on Glassfish
J2EE 3.0 open source application servdrich is installed on a Linux operating system at a 2.8 G
Intel processor PC. The Object Libraryh®ma is created on an Oracle 11g database where all the
object images are stored.

3.1 Purpose

The Landscape Object Librarprototype was created tbelp users manage and share the
collections ofdigital object imagesndstorethemin a database repository effectively via the internet.
The Landscape Object Librang a webbased application that supports multiple users to access and
modify object images concurrently. The web application has been created to support custodian
managemeet of object images. A level of control has been developed that supports categorisation,
versioning and publication of objects as defined by the custodian.
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Figure 2. Landscape Object Library login interface work flow.
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3.2 Classification Schemand RuleBased Database

The Landscape Object Library provided three high lewaegories for object imagdsumanmade,
plant and animal (se€igure 3). The human made object category is aeotion of buildings,
telephone poles, carand so forthThe plant object category is a collection of trees, shrubs and
agriculturalproduction plants such as wheat. The animal object category is a collection of farm and
otherdomestic species. Custodiaai®e granted permission to create multiple new subcategories from
the above three main categories to further specify the differences of objects.

As mentioned (Section 3.1)aeh role maintains a different access level of application functionality
(see Figure 4). The following database schema diagram shows the schematic structure of the
Landscape Object Library categories.
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Figure 3. Schematic structure of the objects in Landscape Object Library.

OBJECT_CONTENT
PK |ID

OBJECT_CONTENT_MAPFING

PK,FK2 |0ID
PK,FK1 | CONTENT_ID

h 4

AME

STORAGE_ID
CATEGAORY_ID
DESCRIPTION
EORMAT_ID

_ |IE_NATURAL

r i} CLASSIFICATION_LEVEL
Landscape_Object INITIAL_CREATION_DATE

PK.FK1 | OID
OBJECT_TYPE
INTIAL_DATE

[y I i
ANIMAL FUMNGIT PLANT
LANDSCPAE_OBJECT VERISON PRFKT [ID PK.FK1 | ID
PK uoID PK uoID
DIVISICN_ID DIVISION_ID
FK1,FK2 | OID ANIMAL_TYPE_ID FUNGI_TYPE_ID PLANT_SPECIES_ID
VERSION ANIMAL_SUB_TYPE_ID FUNGI_SUB_TYPE_ID SEASON_CODE
CREATION_DATE ANIMAL_SPECIES_NAME FUNGI_SPECIES_NAME AGE_RANGE
URI AGE SEASION_ID ALTITIUDE
BLOB AGE
LOCATION_D FK1 | ID
OBJECT_DIMENSON
HUMAN_MADE_OBJECT LANDFCRM
PK.FK1 |ID PK.FK1 |ID
DVISION_ID DVISION_ID
MAN_MADE_TYPE_ID LAND_FORM_TYPE_ID
MAN_MADE_SUBTYPE_ID LAND_FORM_SUBTYPE_ID
MAN_MADE_OBJECT_NAME LAND_FORM_SCE_NAME
AGE AGE

Figure 4. Schematic structure of muitoles and acces®ontrol.
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Some of thevegetationobjects in the Landscape Object Library are stored with specific rules.
These rules initially only apply to objedielonginto ecological vegetation class&sgure5 shows the
rule-based database as an integrated commiookethe Landscape Object Librar¥he rulebased
database comprises information about each ecological vegetation class object, in terms of, what
species come under a particular ecological vegetation class, what is the name of easlasgpecie
attribute nformationi.e., height, width, density, percentage of coverage and so forth. As ecological
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vegetation classes cover more of the objects in the database, tbasetkdatabase name is given to
theecological vegetation class section of the database whadnsidered a part of a generic database,;
however the whole object collection in the generic database is named as Landscape Object Library.
Apart from ecological vegetation class objects, all other objects are stored in the generic database
(Landscape ©ject Library)

Figure 5. A participatory planning session workflow for landscape planning enabled
through the suite of geasualisation tools and supporting Landscape Object Library.

f Participatory Planning Session \

Sending information to database
Background Process

Library
(rule-based
database)

At this stage, the rulbased database contains information abogittdip ten dominant ecological
vegetation classes of the study area (stored with rules), which supports the automatic generation of 3L
virtual environments by using a set of ggsualisation tools (discussed in section 4).

Each ecological vegetation clagsntains multiple types of objects, such as, trees, shrubs, grass and
so forth including their attribute information like height, width and density. Apart from this, five types
of agricultural production related objects such as, plantings, including re@kiband some objects
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related to renewable energy resources are stored in the other parts of the generic database in a gene
database structure.

3.3 Functionality

The Landscape Object Librarig an object image repository which provides web user interface
applications designed to allow users to effectively manage and access the collections of object image:
through a web browselhe Landscape Obiject Library is password secured; which meassnesel
to have access rights. The access rights are given to users by the database admiicpiratar.
shows the workflow of Landscape Obiject Library. In the first step, users enter their login identity and
password, via a web browser and then lagto the Landscape Object Library system. Based on the
access rights, users can search objects, see the details (metadata) of objects and can download obje
(see Figure 4). The following database schema diagram shows the schematic structure of the
multi-roles and access level of usdtsalso shows the relationship between the tables as Primary Key
(PK), Foreign Key (FKAs previously mentioned, to better manage thedscape Object Library
roles are definectach role has been assigned a set of speegponsibilities and a set of permissions
respectively that control the accessibilities to the object images and manageable rights on the
Landscape Object Libraryhe roles are defined as:

3.3.1. Landscape Obiject Libratyser

Metadata keyword searchriction onLandscape Object Libranyeb applicatiorenables the usé¢o
find relevant objects which agopulatedonto the web page for browmg. Users choosenage object
of interestfrom the list and view metadata details and low resolution sample image associated to the
object imageThe werthenorders the object through the web interfaemally, the ser download
the ordered imagdrom the web interface or recesthem attachd toanemail.

3.3.2. Image Creator

Producs digital objectimage and gathemetadata information about the objélthe image creator
uploads object images tthe Landscape Object Libragndcompletes thenetadata associated each
object image fromhe Landscape Object Libramyeb interface.

3.3.3. Data Custodian

Utilises browsing and viewmg features fronLandscape Object Libramyeb interface to review the
data quality of uploaded object images and makes modificatiaasgociatednetadata.The data
custodian decidesipon whichimagesthey wish to upload angublish on the Landscape Object
Library (generic database) and also which images to remove (retired) from the library

3.3.4. Landscape Obiject Librakkdministrator

Create accounts for user image creators and data custodidiiie alministrator ensurethe data
integrity onLandscape Obiject Libragystem and the validity of tHeandscape Object Libranysers.
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To facilitate user sd ac c elsasdscape Objebtibrary providesiad e d
metadata keyword search function that allows suserquery and browse object images. Users can
acquire the object image from email through the order function. To effectively distribute object
images, the application provides web servithat allow a web service client to query and
acquire object images fronthe library and usethem with applications such as tHeIEVE
simulation application.

Each uploaded object image in thendscape Object Librang associated with a version number.

An updated object image that replaces a previous version is assigned an iredreensian number
from the previous version. The Custodian is responsible for determining the versions of the particular
object image beig published or retired on the object library.

The object images that are uploaded to lthedscape Object Librargan also be geotagged by
using the Google Map mashup component embedded in the web interface. Alternatively, an Image
Creator can edit theafitude and longitude coordinate information to the object image from the
web interface.

3.4. Object Creation

3D objects also known as 3D models, represexdl world, living or nodiving entities, which are
basic elementi the creation of 8D virtual environment ofandscap®r scene

To overcome the challenge in renderangroup of 3D objects in real time (such as tree plantation)
in a SIEVE environment, there are two different file formats used to populate objects for the project
scene. The bdilinfrastructure 3Dmodelshave been created in 3Duilfto Max and exported to the
Gama g e g a meDTSobjec tormat & be able to be read within 8i2 virtual environment. All
other complex plantation species and Ecological Vegetation Claggedeen used as groups of .PNG
files with transparent backgroun@sillboards)to reduce the object size and overall size of3Be
virtual environment (Figure 6)

The 3D models of abiofuel plant, farm house turbines and various avatadgpictingfarmess,
scientist and policy makers have been created and modified within 3DdSWak and then exported
to .DTSformat.

The actual geographical location of tBB virtual environmenmust be also modelled as a digital
terrain surface, usually draped with aerial image, which is then populated Vggetation species
from the existingten differentecological vegetation classdsinally, the 3D models and transparent
PNGs have been placed into the 3D virtual environment, for example, biolinks and wholeafanmgpl
scenarios to illustrate the versatility of the tool to support a range of landscape planning activities.
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Figure 6. Three dimensional billboard/object creation workflgh].
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4. An Integrated Suite of GeaVisualisation Tools

3D virtual environmets can na be created independently by deployihigital objects housed in
databases and libraries suchtlasLandscape Gject Library. There is aneedfor some kind ofgec
visualisation viewing and exploration tools to facilitate interactivity wittertists, landscape planners
and other stakeholdersSuch a suite of geasualisation tools will enable activearticipaton and
exploration of decision spaces by a number of end users

To solve this issue we developedd integrated a suite of gemualisation tools together that
provide an interface to Landscape Object Library. In the next sections we discuss this integrated suite
of geavisualisation tools. The first tool is the Landscape Constructor whah éxtension in ArcGIS
built on a .NET platform.

4.1 Landscape Constructor Towkr. 2.0

The Landscape Constructtwol enables and engages participants in an interactive sésgigimg
together researcher, landscape planners and puobB&ers in exploring decision spaces in a
paticipatory way.This interactivity develops and refines the decisioaking processes ftinitially
design the landscapes on the 2D surface using a ématiled screen.

Once the landscape desidgras been completedhe Landscape Constructdiool exportsthe
designed 2D polygons automatically into the 3D virtual environment by deployirdjdite objects
remotely from theLandscape Object LibrarfseeFigure 7). It also determines the distribution and
position of landscape objects in the SIEVE game engdihe following sections provide a brief
description on each of the components.

The Landscape Constructdool is built using Visual Basic.NET language and is a standalone
application that uses ArcObjects (digital object libraries written in C++ langllage E SR 0 ¢
developers), Windows libraries (developed by Microsoft) and remote connectivity witlatkdscape
Object Libraryto build past, present and future landscapes on the fly. This tool is also well integrated
with voice promptsto help new users toepform steps while they use it. As users start building the
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scenarios, the voiggromptshelp them to understand what is happening and what actions they need to
take nextm applying the tool. Furthermore, th@andscape Constructtwol has the option toséablish
links with the SIEVE game engirgtherover the network or locally.

The Landscape Constructor initial design (version 1.0) was focused on supporting polygon drawing
functionality using the touch table interface, linkage with a local Acdatsbase and with SIEVE
(locally). However, after the Landscape Constructor tool was demonstrated in many stakeholder
workshops, feedback was taken onboard to incorporate additional functionality. This included: adding
voice commands, linkage with a remalata base (Landscape Object Library), viewing 3D scenarios
locally or remotely in SIEVE, and setting interface options. The Landscape Constructor is designed for
the Windows environment and has been installed and tested with ArcGIS 9.2 and 9.3 verdions, w
the object library in Oracle and with SIEVE as the 3D visualisation software. Ideally a wider range of
platforms would be supported. Work is underway to utilise Google Earth as an interactive viewer.

4.2 Visualisation Using SIEVE

Visualisation has beme an integral part in many GIS and their applications. General purpose GIS
were originally designed for the classical 28rtographic representation of points, lines and polygons
and raster data. Hence GI8&en do not reflect the current state of timevaésualisation capabilities
Moreover, within existing GIS it is difficult or even impossible to integrate cutohge visualation
technology{12]. In the lastfew years scientistgave started using game engines in their research and
developmen{13]. There are many games which contain highly integrated packages called engines,
each with a specific functionality. A terrain engine creates and renders the ground, while a physics
engine handles the motion behaviour of characters and objects, suealiac simulation of
gravitational forces and kineti¢$4].

The research presented in this paper includes a modified version of a game engine called SIEVE
and a real time bidirectional coupling solution with GIS cafiéce linkod [15] by using theLandscape
Constructolinterface. SIEVE is efficient in rendering micro scal2 virtual environmentshowever, it
has limitations in rendering macscale3D virtual environmentsMoreover, SIEVE currently cannot
show temporal changes, and also, in termtt@ number of objects to be rendered iBa virtual
environmeritit can render up to twenty thousand 3D objects or a much larger number of billboards, in
one scenario

4.3 Touch Technology

Touch table systems can assist in interactively displayirge lamounts ofligital data, including
spatial data, in a manner conducive to discussionparitipatorydecisionmaking[16]. A common
problem when dealing with large volumes of datagtanners and decisiemakersis being able to
take anhelicopter vewo of the entire decision space. When using high resolution GIS data such as
satellite imagery, aerial photographs ahgital elevationmodels (DEMSs), conventional displays can
be too small and limit the number of actors (individual decisnakers) whacan access the data and
engage in the discussi¢h7]. In our current technology development tioeich tablesupportssingle
touch and does not support mitiich functionality However, in a future version of the tool
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multi-touch support could be enaldeusing Application Programming Interface (API) which is
supplied with touch table (NHCCD 5220).

Figure 7. Workflow of the Landscape Constructor system with other related technologies.
Adapted from Bhandast al.[17].
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5. Exploring an Application of the Landscape Object Library Enabled Through an Integrated
Suite of GeaVisualisation Tools

5.1 Case Study Application in South West Victoria

Advancementsn 3D virtual environmentechnologies offer an innovative way to explore real
world environmentaprocesses in order to manage resources. The virtual representation of complex
phenomena and their information may benefit petitakers, as well as a range of professional users
including foresters, urban and regional planners, and landscape architebts fodowing sections,
the advantages of generati®D virtual environments by using thetegrated suite of geasualisation
tools, which provides an interface to Landscape Object Libhaye been explored and evaluated in
the South West part of Viotiaand some preliminary evaluation has been undertgkgare8).

These applications are not part of actual planning studies in the region, although the issues explorec
in each case are very redlhey were chosen to interest particular clients witth@ government

partners and teshow the versatility of the system in the context of the rural landsddyge next
challenge would be an urban application.
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Figure 8. Aerial view of the study area and location in Victoria, Australia.
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The study area icated approximately 21&m west of Melbourne, near the Grampian Ranges in
the Wimmera Catchment Management Authority area. It is approximatéd@Qiha in size and
contains various national parks. The elevation range 58025 Above Sea LevelASL).

In Figure8, lower left of the study area map shows the eastern boundary to the Grampian Ranges,
which is a national park and comes under protected &8¢arhe remainder of the area is arable land.
Approximately 70% of the arable land, in the studyaare used for mixed farming and grazing
practices. Approximately 20%, contains native hardwood and woody vegetation and approximately



Future Interne2011, 3 335

10% is used for other activities. In terms of +smdlangered wildlife in the Grampians and the surrounding
landscape, Kagaroos and Emus are quite common. On the other hand, Sugar Gliders, Bandicoots, Koalas,
Wallabies, Black Cockatoo, Boobook Owls etc may be vulnerable or endafigired

Variousdata layers have bedmought together to create the underlying geodataliéme DEM is
one of the most significant layers in terms of topography, whereas aerial photographs help to show the
landscape homogeneity and heterogeneity in terms of land use type and cover. In addition, out of 16
ecological vegetation classiesthe studyarea, the existing tajgn (covering approximately0% of the
study area) were taken into consideration in order to identifyntheativevegetatiorcover.

The vegetation density has been categorisednaaqgped as low, moderate and high. Soil salinity
and surface water availability layers of the study area were alsoTusedoilsalinity layer describes
the salinity component with scale of low, moderate and high, whitee surface water availability
layer isobtained viaa classified satellite image and shows surface water locafitvesreasorfor
bringing togethethesespatial datdayers is to enhance participabtmderstanding and thinking about
the study area.

In the present case, we show hthe Landscape Object Library antle support of the integrated
suite of geevisualisationtools could be used to investigate a particular landscape planning scémario.
the past 200 yearmjanydifferent Australiarspeciehave become exting20]. One ofthe reasons that
a species becomes endangasettheirdependence on a specific food or habitat, and if these disappear,
the species will not survive.

Finding a solution requiresnalysis planning andaction {(mplementatiop Oncescientific analysis
hasbeen undertakerplanning is done and implementation starts, it takes a lomg to realise the
impact of the agreedneasures. To illustrate an example tbé Landscape Object Library and
supporting suite of gewisualisations tools we applied this inefe in the context of a hypothetical
landscape planning scenario using real data to design a biolink. We selected lzetvaeea a water
body and a national park (dense vegetatiwiihin our study areaFigure 9 shows there is @ap
between the water bgdin theupperright) and the dense vegetation covertbielower left).

This vegetation gap is an obstacle in terms of access to the water bodyv@species. To help
these speciedbetter connectivity and coverage of tlegetation is requirethe vegetation will act as a
wildlife corridor to supportmovement acrossthe landscapeOnce this is created, the endangered
animal specieare better protected acdnalso make use of theew habitats.

In a participatory planning session (experts fraiffecent groups such as scientists, stakeholders,
planners and so forth come along and do planmifgdn users design a number of biolinks (grogp
of one or more ecological vegetation clagsbey draw polygons angklect a vegetation type for each
polygonfrom the selection windowHgure 10). Figure 10 illustrates thetop ten dominant ecological
vegetation classes of the study area and five plantation types incfadiexpmple avindbreak.After
drawing a biolinkin the ArcMap interfaceusers can edect a particular polygon and assign a
vegetation typeln Figure 10, each picture under fAChose the E\
vegetation class looks with the group of member objects and their typical distribution.
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Figure 9. Gap inconnectivity between water body and dense vegetation.
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Figure 10. Selecion window: user selecting aecological vegetation class (EVC) or
plantation type for a drawn polygon.
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