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1 Introduction

A number of Ministry affiliated Dutch research instés simulate the future outlook on the
land use development on National level. These ousicle created by using Geo data
based simulation programmes (ao. SCHOLTEN ET AL, 200he output of these
simulations is mostly geo-referenced grid data tlehehstrates a spatial pattern of land
use in the near future.

Stakeholders should discuss these results, but it seatthéttype of visualization doesn’t
support sufficiently the policy and decision makingogass (BORSBOOM-VAN
BEURDEN ET AL, 2004). Presumably the interpretatadrthe map information demands
a too high cognitive level to read and to understémel meaning and impact of the
conceptual cartographic visualization (ZUBE, 1987).

In this paper we discuss topics to improve the repres@mtand recognition of this two-
dimensionally geo-referenced grid based output byeetdimensional visualisation.

The discussion starts with an overview of the concept8-dimensional visualization.
Then, based on these concepts, the transformation ofrRDdata output into a 3-
dimensional semi-realistic visualization will be present Finally we discuss the
comparison of the scenario results via the 3-dimensidsaalization.

2 3D visualisation

The introduction of the computer and in particulae research on flight simulators by
NASA has led to contemporary visualisation possibilit®snulators offer the user(s) a
dynamic and interactive environment (sometimes dali&irtual Reality” — VR-) to
perceive, to explore and to manipulate visual reptesiens of possible, probable and real
worlds.

To realise such ‘cyber spaces’ the visualisation shouttifee-dimensionally and be based
on two- or three-dimensionally geo-referenced gendats.

1 Wageningen University, Centre for Geo-Informatitire Netherlands
2RIVM, de Bild, the Netherlands



2 R. van Lammeren, A. Momot, R. Olde Loohuis, T. Hexgerf

The division between a digital representation @& thal world by geodata and a digital
visual representation of the geodata is one of theclhasnciples of geo-information
science (MacEACHREN, 1999; CHEN, 2001).

This relation between the geodata and the visualeseptation is really diversified,
because of the different geodata references which ieaividually or in combination (!)
can be visually represented via a reference systemidaal representation (table 1).

Visual

representation

GeoData 2D 2D+ T |3D 3D+ T
2D
2D+ t
2.5D
2D+ t
3D
3D+ t

table 1: Different visualisations of geo-data (LAMMEREN ET ARQO4). grey line:
primary visualisation of the grid based scenario autpu

The table shows in the first column the differentdpga sets that nowadays are available.
The t points at continuous time series that are delivergdsdime spatio-temporal
simulation models. The 2D, 2.5D and 3D refers to sulmstpu2-dimensional referenced
data (2D), digital elevation models (2.5D) and édimensional referenced, including
three-dimensional topology, as known from computde@idesign software (3D). Most of
the Dutch National land use scenario studies offerugoud as 2D geodata.

The second row shows the different ways to visuallggmethe geodata. Two-dimensional
geodata may be visualised in a two- (2D) or a thigedsional (3D) way. TheT in the
second row points at the implicit or explicit aninoat® of the visualization. An example of
an explicit animation is a video. The adjective @ipls used to show that the user of the
visualisation doesn’t have any tool to influence iattively the temporal and projection
parameters of the animation. An implicit animatidifes the user tools to animate the
application interactively via adaptations of termgloand projection parameters. By
example the user can decide upon the view pathtensipeed of movement.

Figure 1 illustrates clearly how hard it is to read anderstand the traditional cartographic
visualization of grid cell data that represents lasd. To achieve a more realistic effect to

® This division is an extension of the concept afiayic visualisation (ZUBE, 1987)
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improve the readability and understanding of thealisepresentation of this 2D geodata a
kind of similarity with the real world is needed.
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Fig 1: 2D (top) and 3D (bottom) visualisation of 2D geod@aimteScanner output) by
MOMOT, 2004

Three-dimensional and more-realistic visualisations egnmore information about the
landscape comparing to the 2D ones and it seems thstt users can easily read and
understand them (DIBIASE, 1990; BISHOP, 1994).

Regrettably most scenario output studies create 2Dr @dataset. To offer a more realistic
understanding the 2D-raster dataset has to extendreptiesentative 3D-objects. These
3D-objects should represent real world objects. Tmebdaation of 2D raster data and 3D-
objects could offer a 3D-visualisation that offers enoealism that fits better with the
cognitive maps of most users.
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A 3D-object is primarily constructed by geometrictteas like vertices, edges and faces
(defined on X-, Y- and Z-coordinate system). This getyncould be very basic, like a
plane or a cube object. These basic 3D objects deel @D-primitives4. To improve the
realism-look the geometry can be refined. This refigeometry is specified as compound
object.

To visualize these 3D-objects the objects have tebdared. The rendering result will be
based on the type of bitmap to be used. Some bitngggesent only one single colour
based on an RGB-colour scale. Other types of bitmapsphbto-realistic bitmaps (
pictures), bump maps that represent 3D-texture, alpdgas that create transparency and
gamma-maps that create reflection. The combinatfothie bitmaps could lead to very
realistic visual representations. The informationsityndefined in pixels or dots per inch,
seriously influences the level of reality.

Table 2 shows the different combinations between gagraad bitmap specification. The
first column mentions the different geometries, willile first row represents the types of
bitmaps. The photo-realistic picture of cell 1.b i¢ pn a simple geometry, a plane. Cell
2.a shows a 3D-scene, a composition of different 3Ratbjout of 3D-primitives that have
been rendered by use of simple low resolution bitmahe.same kind of scene is shown
by cell 3.c. In that case the geometry of the scaisseof different compound objects that
have been rendered by use of multi-layered compiigk, resolution bitmaps.

3D-objects
\geometry \bitmaps

low resol. high resol. multilayer
planes la 1.b 1l.c
primitives  |2.a 2.b 2.c
compound |3.a 3.b 3.c

Table 2: components of 3D objects

3 2D geodata into 3D visualisation

A number of authors [APPLETON ET AL, 2002; BALL, ZBOTRESS ET AL, 2003] did
work on the type and importance of 3D visualizatiorstrategic planning and operational
planning. According HOOGERWERF (2004) the role af-cslled semi-realistic 3D
visualization could be crucial to create understagdind involvement of stakeholders.

To create a 3D-visualisation of the 2D scenario outpaifirst option is based upon the
transformation of the grid data into a 3D semi-reialigisual representation like presented
by figure 2. This intentionally means that 3D-objdwse to be created and will be linked

4 see 3D Studio Max by Discreet ©
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to the output data. In other words, the geo-referémiata, still two-dimensional, is
visualised by help of related 3D objects.

Fig.2: Left: semi-realism; upper right: conceptual; lowerghti photo-realism
(HOOGERWERF, 2004)

Table 2 shows this intended option via the link bemvéable 1 (the division between
geodata and visualisation data) and 2 (constructiddDebbjects) that finally offers a 3D
implicit or explicit animation.

3D-objects
\geometry \bitmaps

low resol. high resol. multilayer
planes la 1.b 1l.c
primitives  |2.a 2.b 2.c
compound [3.a 3.b 3.c

GeoVisualisation
GeoData 2D 2D+ T ‘3D |3D+ T

2D R

(raster)
2D+ t
2.5D
2D+ t
3D
3D+ t
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Table 2: The VisualScan LUl approach: a link between geoegfeed 2D-geodata and 3D-
objects

In our application it was decided upon to use a geilll size of 100 meters by 100 meters
as a starting and reference data set. It has to beomed that the spatial configuration of
3D-objects within one grid of 100 by 100 meters fotufe situations is not known. For
that reason 3D-objects have been designed and by ubkesef 3D-objects so-called 3D-
models or Land Use Icons (LUI) of the 29 land use tyges constructed. Each LUI
represents a landscape ‘stamp’ which represents thenieth@findscape for a certain type
of land use. To conclude, these LUI are the basia f@mi-realistic representation and are
intentionally meant to be stand alone 3D-models.

These LUI have originally been constructed by usibgS3udio Max 6. Every 3D-model
has its own geometrical definition. The geometridafinition could range from very
simple to complex. The bitmaps used for creating a-seatism are also ranging from one
simple to more combined and complicated bitmaps i@d@). The last ones are used when
semi-realism couldn’t visualized by the geometry as such

Fig 3: LUI: Simple geometry and bitmap (upper), complexmetry and simple bitmaps
(left under ), complex geometry and bitmaps (righder)

All the LUl have been designed. It means that eaththem is based on a certain
imagination of the (future) configuration of theysital space taking into consideration the
expression of the land use type adapting certain Isanih technological developments.

5100 * 100 meters is a size that is often usedhim Metherlands to define land use activities
(animals/ha; trees/ha; production/ha, costs/ha) landiscape constructions (houses/ha; green
space/ha; parking places/ha; etc.)

® Discreet, 2003
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Developing icons means a design task; a land use typepiarticular scenario could be
visually expressed by a specific LUI. In this example tural icons have been based on
contemporary expressions of nature and agricultutadiees, the infrastructural icons too.

4  Construction of 3D landscapes

This first option is applied on data base principled eperated via modified game-tools
technology to translate the two-dimensional grid datao a three-dimensional
visualisation. Via the developed application (caNddualScan) each of the different grid
cell values can be connected to a dedicated 3-dimealsiand use icon (LUI) by a
conversion of the dominant land use class into an R@&-walue. The transformation of
the scenario output grid delivers a so-called Ldklmap. The LUI-link map is a plain
BMP-file.

First the application links the LUI-link map (eg.tbalor red in figure 4) to the related LUI,
which represents a kind of land use. Afterwards thdiggijpn renders the composition of
LUl into a 3D-scene (a virtual reality model). Thigse we call the VisualScan Scene.

LUI-link map color related LUI rendered VisualSc8oene

Fig 4: from 2D data into 3D visualisation: subsequently phases

Fig 5: from 2D raster data into a VisualScan Scene
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Finally the application offers a Visualscan scene (Bgh) that could be used as an implicit
or explicit animation. Thanks to the game tool eowinent a real-time rendering offers a
good environment for explicit and implicit animatio

5 Land use: now and then

The VisualScan application is beneficial to scan \iguthe differences between two
different scenario-based landscapes. However the axisop between a future landscape
and the current landscape could lead to misintefwatadue to the fact that the current
situation is known by some users. Especially stakem®ldéno known the real world
situation or the ones who are familiar with the tapgdic maps (in the Netherlands based
on ToplOvec data) will miss details of the locati@specially in relation with their
individual cognitive maps. LYNCH (1960) already miened landmarks, nodes, routes,
edges and areas as primary features of relevance ahvehicognitive (mental) map
consists of. In other words, the visualisation modetlage meet the users’ expectations
and knowledge about an area. When the 3D scene virawid a too abstract 3D object
configuration and for that reason differs too muchnf the cognitive maps, it creates
difficulties for recognition and interpretation. Fsimple interpretation of a visualisation,
especially taking into account land use charactesisticseems to be necessary to apply
objects that visualize the features mentioned by Lynch

Also AL-KODMANY (2001) has considered cognitive aspeittshis research on web
interface design, graphics and cartography to comratmiurban design. The theoretical
framework for studying cognitive maps, urban form esmhtial relationships of cities
(LYNCH, 1960), was used by AL-KODMANY to create cotiweé maps for community
planning. This framework views a city as a web ohpand nodes that are surrounded by
edges and contain districts and landmarks. By meangsoélizing the content of this
framework in maps for community planning the restdeperception of their community
could be taken into account.

In the LUI approach the scenario based output andcuinent land use situation are all
based on grid data. All these grid data are transfdrim® 3D scenes by using the same
land use icons. It means that known landmarks, nadestera are not represented which
could lead to misunderstandings.

For that reason another option has been worked oGMMT, 2004) by which we try to
link the scenario based grid data with the topogiagtdata set that describes the current
landscape (the best option in the Netherlands willdggl0Vec7 ).

For this option we started to use GIS software withv&Dalisation (!) capabilities 8 and
the ToplOVec data (BULENS ET AL, 2000). The creatid the visualisation existed out

" ToplOVec is the Dutch National Topographic getadset that offers at least a 1:10000 map

resolution quality
8 In this project ESRI ArcScene (ArcGis 9.0) hasrbesed
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of two different procedures. Firstly all 2D-buildifegatures were selected and extruded: the
construction of a 2.5D data set. Secondly all 2D tfeatures were selected and
geometrically transformed into point features. 3@Qeots (mainly tree-representations)
were selected from an included 3D-objects databasdirdwd! to the point features. After
rendering the geodata including 3D-objects and lpsnia offers a 3D visualisation as
shown by figure 6.

Fig 6: Part of Top10 vector and the visual representafibangot, 2004)

As demonstrated by the LUI it is quite difficult todw how the projected land use classes
will change the landscape in 30 years (APPLETON HT 2002). For that reason the
existing landscape data (ToplOvec) is analysed in auslay that features that will not
change within the next 30 years could be selected.fdtowing assumptions have been
made (MOMOT, 2004):
- the main road network will remain unchanged. Newsowill be constructed.

the existing network of canals and rivers will not rofpe;

the existing trees in rows will remain the same throB@lyears, because most of

these trees are located along the main road netwarkanals.

the areas of which the land use class will not chaege khe same landscape

characteristics.

Based on these assumptions an overlay of the curngographical data and the new land
use classes (the grid cell output) has been made. Vértay delivers a new geodata set
that represents the area that will change includimg features as mentioned by the
assumptions. The areas that the land use classes willhaoge keep the same. After

visualization, like described before, the land usess#s that will change are shown by
white squared underground with on top topographiieatures (infrastructure, water and
trees). The unchanged land use classes are visualizatitbpographic features (figure 7)

from the original geodata set (top10Vec).
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Finally the white squares have been filled in by Bwothat represents the dominant land
use class. This option is called the landscape featpreagh (figure 8).

Fig. 7: Current land use (coloured) and changed land use éséste)

Fig. 8: land use changes: changed land use areas have bednwith colours of the
dominant land use class
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6 Conclusions and discussion

The paper presents the transformation of grid dataptesents future options into 3D
scenes. This transformation is called the Land Use Icbi) @pproach. By this approach
icons are designed to represent land use classes. Téfit loérthis approach is the high
level of realism of the 3D-visualisation, however tlrawback seems the missing link with
the cognitive maps of the users. For that reason andesquproach, the Landscape Feature
approach, have been tried upon. In this approaeh dhrrent situation, based on
topographic vector data, is visualized three-dimeradlp and overlaid with the grid cell
data. The benefit of this approach seems the link watgnitive maps of the users. The
drawback is the limited visualisation of the gridig¢hat represents the expected land use
change and for that the landscape transition.

For the near future we expect to run into mixed BBualisations that are based on a
combination of the Landscape Feature approach amd.dmd Use Icon approach. To
support the link with the cognitive maps of usersl#melscape feature approach based on
high quality topographic geodata describes the egidtindscapes. Linked with grid data
that represents future oriented land use it offerseadable and understandable 3D
visualisation.

The areas that could change will be transformed lopsicthat fulfil the constraints
according the decisions based on landscape featurtewithaot change at all (eg. main
road network, canals and rivers). It means that thigasganfiguration of the 3D-objects in
LUI have to be arranged by these constraints.

To find out if this mixed 3D visualisation will worbut significantly a number of user tests
should explore the possible added value of understaritinimpact of land use changes
on the landscape.

References

Al-Kodmany, K. (2001). Supporting imageability on the World Wide Web: Lysdive
elements of the city in community planningnvironment and Planning B: Planning
and Design. 2001; 28(6): 805-832

Appleton, K., A. Lovett, et al. (2002)Rural landscape visualisation from GIS databases:
a comparison of approaches, options and probler@amputers, Environment and
Urban Systems 26: 141-162Bertin, J. (1981). Graphias @raphic Information
Processing. Berlin, Walter de Gryter Inc.

Ball, J. (2002). Towards a methodology for mapping 'regions for sustairtsbilising
PPGIS" Progress in Planning 58: 81-140. Bishop, I. (1994 role of visual realism
in communicating and understanding spatial change prodess.In: Visualization in



12 R. van Lammeren, A. Momot, R. Olde Loohuis, T. Hexgerf

Geographic Information Systems, H. M. Hearnshaw and. Dnwin, eds., John Wiley,
Chichester

Borsboom-van Beurden, J., Boersma, W. et.al. (20Rd)mtelijke beelden: visualisatie
van een veranderend Nederland in 203IVM-rapport 550016003 MNP-RIVM,
Bilthoven

Bulens, J., et al., (2000). Another view of the lamag&c Digital Creativity, symposium
proceedings. 2000, pp.379-386

Chen, C., (1999)Information Visualisation and Virtual EnvironmentSpringer-Verlag,
London.

DiBiase, D. (1990)Visualization in earth scienceBulletin of Earth and Mineral Sciences,
Pennsylvania State University. 59: 13-18.

Hoogerwerf, T. (2003)The use of virtual reality in spatial planning : a stuoly realism
requirements in the levels of public participatiofhesis report GIRS2003-34. [S.I.,
s.n.]: 70 p.

Lammeren, R. v. and T. Hoogerwerf (2003po-virtual reality and participatory planning
: Virtual Landscape Position paper version 2@0Gl-rapport 2003-07. Wageningen,
Wageningen University and Research: 61 p.

Lammeren, R. van, et. al. (200%)jsualScan: 3D visualisations of 2D scenariBgsearch
project report, CGI 2004-09. Wageningen University

Lynch, K. (1960).The Image of the citfCambridge, MIT Press

MacEachren, A. M., R. Edsall, et al. (1999)irtual environments for geographic
visualization: potential and challengeProceedings of the 1999 workshop on new
paradigms in information visualization and manipolatin conjunction with the eighth
ACM internation conference on Information and knes#dde management, Kansas City,
Missouri, United States, ACM Press, New York, NY, USA

Momot, A. (2004).Visualization of land use scanner dat@entre for Geo-Information,
WUR. Wageningen, Wageningen University, RIVM: 37.

Scholten, H., Velde, R. van de, Borsboom van Beurden(2001).Ruimtescanner:
informatiesysteem voor de lange termijnverkenning van tegiebruik Nederlands
Geografische Studies 242

Tress, B. and G. Tress (2003)Scenario visualisation for participatory landscape
planning--a study from Denmalk.andscape and Urban Planning 64(3): 161-178.

Slocum, T., C. Blok, et al. (2001)Cbgnitive and Usability Issues in Geovisualization
Cartography and Geographic Information Society 28(1

Zube, E. H., D. E. Simcox, et al. (1987P€erceptual Landscape Simulations: History and
Prospect: Landscape Journal 6: 62-80



