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The utilization of three-dimensional (3-D) graphical design and scientific visualization of the
soil landscape continuum is still in its infancy. The objective of this study was to
investigate the use of Virtual Reality Modeling Language (VRML) to create virtual 3-D soil
landscape models representing natural soil landscape components. Virtual Reality Modeling
Language is an object-oriented, 3-D graphics language suitable for stand-alone or browser-
based interactive viewing. Our virtual soil landscape models showed the spatial distribution
of soil patterns and terrain characteristics. We were able to integrate features from
geographic information systems, such as storage and manipulation, with features from
scientific visualization, such as 3-D graphical design, animation of objects, interactivity and
accessibility viathe World Wide Web.

Keywords: 3-D graphical design; VRML language; scientific visualization;soil landscape
models; GPS systems; DEM.

1. INTRODUCTION

Geographic information systems (GIS) sore, manipulate and visudize spatid
data Scentific visudization (SciVis) transforms numerica or symbolic data and
information into geometric computer generated images [29]. Scentific
visudization research and development have focused on issues pertaining to
three-dimensona computer graphics rendering, time series animations, and red-
time, interactive displays
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on computers. GIS and SciVis developed in pardld to each other and
inefficiencies associated with geographic visudization exist [14,29]. However,
virtud redity (VR), a multisensory, interactive, computer-based environment in
which the user becomes an active participant in avirtualy red world [16], offers
new and exiting opportunities. Virtud redlity enables usersto move towards a
finer emulation of the complexities of the 'red world' in space and time[10,21].
The main focusin virtud redlity is on interaction, which combines adequate
presentation of the environment with its manipulation [37]. Responsve VR should
operate in real-time, i.e., the response time and update reate of the system ishigh
enough o that the boundary between user and virtud environment seemsto
vanish [4]. In VR, the user can navigate through ambient environments and
interact fully with spatia information of various types. Desktop VR isthe most
commonly used form of VR systems due to the widespread distribution of
personal computersin the workplace. Here, conventional PC software is used to
creste and view artificia worlds in the office and over the internet [10]. In
contrast, immersive VR requires the user to be subject to simuli affecting many
senses, including vison, hearing, balance, and touch; such systems require head-
mounted displays, audio speakers, moving platforms, and tactile gloves, and their
cost at present is abarrier for widescae digtribution.

Virtud redity and SciVis digtributed via the World Wide Web (WWW) dlow
wide access to geo-referenced spatid data. Moddling of red world systems
provides an advanced means to assst with visud data exploration and decison
making. We define ‘model’ as an abstract, formal representation of asystem. It is
‘formd’ in the sense that the representation is provided with alevel of clarity that
affords execution of the representation on acomputer [11]. Modds are cognitive
tools for reasoning about sysem behavior and interactions between mode
components. Models are trandated into code, which is a linear sequence of
source lines written with programming languages such as C++ [27], JAVA [18]
and Virtud Redity Modding Language (VRML) [1]. Object-oriented languages
support the concept of data abstraction and modularity in program design. These
characteristics make object-oriented code portable and increase the flexibility to
change code. An object is defined as a person, dace, or thing that knows the
vaue of itsattributes and can perform operations on those
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attributes. A class groups objects based on common characteristics. All objects
of a class share the same attribute types and operations. Object-oriented
desgn makes it ample to reuse code by specidizing dready exiging generd
solutions, which is defined as ‘inheritance’. Attributes and operations can be
shared among objectsin ahierarchicd relationship.

In SciVis and graphica design, code is used to create, manipulate and visudize
objects. Virtud Redity Modding Language is a 3-D graphics language suitable
for sland-alone or browser-based interactive viewing. While VRML isan object-
oriented language, nodes represent classes and fields denote attributes of nodes.
Field values define attributes like color, Size, or position, and every field value is
of aspecific field type, which describes the kind of vaues dlowed in thefield. In
1996, VRML 2.0 was accepted as the current standard by the Internationa
Standards Organization’s (1SO) JTC1/SC24 committee under the name ‘' VRML
97’ [5]. VRML files can be accessed on the World Wide Web (WWW) using
web browsers and VRML plug-ins. Within the VRML-capable browser, the user
can move around these VRML ‘worlds in 3D, scale and rotate objects, and
view updates in red-time. Capabiliies of VRML incdude 3-D interactive
animaion, 3-D worlds (scenes) comprisng of severd different 3-D objects,
scading of objects, materiad properties and texture mapping for 3D objects,
setting of different viewpoints, linkage to other computer languages (e.g. Java
scripts), references to files in many other slandard graphics formats, web-based
access, use of light sources, and much more [22]. Further information about
VRML can befoundin [1,5,19,8], and Web3D/VRML Repository [30].

To abdract the red environment, virtua objects can be used to represent
naturd system components such as ar, soil, and water to create a virtud
environment or virtua redity. Human perception is three-dimensond and,
therefore, redidic geographic VR requires three dimensons. To address
environmenta issues such as eroson, high nitrate loads in surface waters,
pesticides in ground water, soil qudity, globa warming and carbon sequestration
potentia of different soils, VR can support scientific interpretation and andysis of
the red environment, decison making and/or planning. Modding and scientific
visudization of naturd systems assgts in making extremey complex systems more
trangparent.
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This paper focuses on soil landscapes. Soil has been defined as a naturd body
conggting of layers or horizons of minerd and/or organic condtituents of variable
thickness, which differ from the parent materid in their morphologica, physcd,
chemicd, and mineralogica properties and their biologica characteristics[3]. The
s0il system can be subdivided into modd components such as physicd, chemicd
and biologica components. The physical soil components are represented by
attributes such as texture, pore system and color. The physcad soil sysem is
hierarchica, where macro and micro festures can be distinguished. For example,
a s0il physcad sysem has specific macro-structure such as prismatic and the
prisms consists of microgtructure such as fine-angular blocky structure. The U.S.
Soil Taxonomy used for soil classfication in the U.S. has a hierarchica structure
[35].

Commonly, soil horizons are distinguished by morphologica characteritics such
as texture, dtructure, color, consgstency, redoximorphic features, etc. [31].
Horizons are defined by specific morphologica factor combinations. If one of the
morphologica characteridtics is changing dong a soil profile a new horizon is
identified. The upper boundary between the soil syslem and the atmosphere is
defined by a two-dimensond surface, and can be represented by terrain
atributes such as eevation, dope and aspect. The lower boundary between the
s0il system and the lithospheric system is often fuzzy depending on the presence
of pedogenic and lithogenic properties.

Currently, the reativdy few 3-D representations of soils and landscapes
avalable are driking and, a the microscde, include a 3D modd of tubular
horizons in sandy soils [25], the three dimensiona macropore network in
undisturbed soil [26], a 3D modd of water content and macropore structure
based on computer tomography [15], and a galery of 3D soil minerds and
molecules at the atomic scae [2]. At landscape-scae, VRML has been used to
create 3-D modds showing the spatia distribution of cone index values [13]. At
the Cooperative Research Centre in Audtraia, research is now being directed
from 2D to 3D mapping of regolith and associated attributes [7]. These 3-D
modds are being used to improve the way researchers communicate, visuaize,
andyze and map the regalith, with the am of developing more accurate, effective
and predictive models for minera exploration in highly wegthered terrain. Other
examples of 3D terrain representations are those of Su et d. [34] and [17].
Scientific visudization of the soil landscape continuum is dill initsinfancy.
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The objective of this sudy was to investigate the use of Virtud Redity
Modding Language (VRML) to create virtud 3-D soil landscape modes
representing natura soil and landscape components using an object-oriented
concept.

2. MATERIALSAND METHODS

2.1 Study areas

Soil data and topographic data for this study were collected from three different

Stes at different scales, ranging from pedont to catchment to soil region. All sites
were located in southern Wisconan a the Arlington Agriculturd Research
Station, University of Wisconsan-Madison, where soils are formed in reworked
loess overlying glacid till. Depending on scde, different techniques for mapping of
s0il and topographic data were used.
The pedon on dte 1 was mapped as fine-dlty, mixed, mesc Typic Argiaguolls
[31], and is located in a closed depression. Updope soils were mapped as fine-
slty, mixed, mesic Typic Argiudalls [31]. Current land use on Ste 1 isacorn
(Zea mays)—dfdfa (Medicago sativa) rotation. The pedon is located 269.0 m
above sealevd. A Trimble 4600 LS differentid globa postioning sysem (GPS),
sngle frequency, dua port, with an internd 4600 LS antenna (Trimble
Sunnyvale, CA)2 was used to conduct a kinematic survey for the study Ste to
derive a digitd eevaion mgp (DEM) with 1-m grid size (verticd resolution error
+ 8cm).

Ste 2 represents the catchment scale and is 23.7-ha in Sze. The naive
vegetation was primarily prairie grass prior to cultivation and has been under
cultivated agriculture for gpproximately 150 yr. Thickness of the A horizon and
depth of the dlty parent materid were measured on a 27.4-m grid a 325
sampling points. At each sampling location, samples were obtained using a bucket
auger and silt probe to expose the subsurface and a tape measure was used to
measure the depths. Thickness of the A horizon and depth of the sty parent
meaterid vaues

! pedon: a three-dimensional body of soil with lateral dimensions large enough to permit
study of horizon shapes and relations. Its surface ranges from 1 to 10 nf (Soil Science
Society of America, 1997)

2 Mention of company or product does not constitute endorsement by Heidelberg College
or the Univ. of Wisconsin-Madison to the exclusion of others.
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were recorded only if found within 152 cm of the surface [9]. Soils were mapped
as fine-glty, mixed, mesic, Typic Argiudolls. We used a DEM with a horizonta
resolution of 27.4 m. Point elevation data were collected with a theodolite, with
vertica resolution on the order of centimeters. Elevation vaues were rddiveto a
benchmark arbitrarily set to 30.5 m and dl devation points, ranging from 30.5m
to 33.9 m, were measured relative to this benchmark.

Site 3 represents the soil region scde and is 100-ha in Sze. Soil data were
derived from the Map Unit Interpretation Database (MUIR) with a scae of
1:15,840. Soil map units were Hano gt loam (0 to 2 and 2 to 6% dope) — fine-
dlty, mixed, mesic Typic Argiudolls, Ringwood st loam (1 to 6 and 6 to 12%
dope) — fine-loamy, mixed, mesic Typic Argiudolls; Joy St loam (O to 4% dope)
— fine-glty, mixed, mesic Aquic Hapludalls, Ossian st loam (0 to 3% dope) —
fine-slty, mixed, mesic Typic Haplaguolls, Saybrook st loam (2 to 6% dope) —
fine-glty, mixed, mesic Typic Argiudolls, and Rotamer loam (2 to 6 and 12 to
20% dope) — fine-loamy, mixed, mesc Typic Argiudalls All the soil map units
have in common that soils are formed in sty sediment and the underlying glacid
till, however, thickness of st varies condderably. Land use varied between
afafa, corn, and oat (Avena sp.) among and within fields. We used a DEM with
horizonta resolution of 4-m and vertical resolution error of £ 0.5 m derived by an
andysis of aerid photographs. The origind scale of the photos was 1:20,000,
which were scanned a a pixd sze of 30 um resulting in 1-m per pixel. Based on
a stereo-pair andysis, a point elevation model was created with 4-m grid spacing,
which was interpolated to produce a DEM (Environmenta Remote Sensing
Center and Civil & Environmenta Engineering, Univ. of Wisconsn-Madison,
interna communicetion). Elevations ranged from 321.2 to 328.5 m above sea
leve.

A gmilar data set was used in [13]; however, here our focus is on VRML
coding and abdtracting virtud soil landscgpe models from red world soil and
terrain data

2.2 VRML Methods

A summary of dl nodes and fields used in this paper is given in Table 1. For
example, the Shape node specifies VRML 2-D and 3-D objects, where the field
geometry definesthe 3-D form, or geometry of the
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Table 1. Description of nodes and fields used to create VRML 3-D soil landscape

models.
Node Fields Description of nodes
Appearance Material Defines the appearance attributes of the shape (color,
texture surface texture)
Background groundColor Creates background for aworld using atextured
skyColor panorama box, a ground sphere outside that box, and
a sky sphere outside the ground sphere. The box and
sphere are conceptualy infinitely large and surround
the virtua world.
Color Color Createsalist of colors
Coordinate Point Creates alist of coordinates
DirectionalLight ambientlntensity Creates directed light source whose raystravel in
direction paralel in a specified direction
intengity
ElevationGrid color Creates face geometry for 2-dimensiona objects
height
normal
xDimension
XxSpacing
zDimension
zSpacing
Group children Groups together nodes
IndexedFaceSet color Creates face geometry for 2 and 3-dimensiond
colorlndex objects
coord
coordlndex
normal
normal I ndex
lid
texCoord
texCoordlndex
IndexedLineSet coord Creates polyline geometry
coordlndex
color
colorlndex
ImageTexture url Specifies texture mapping attributes
Material ambientlntensity Specifies materia attributes
diffuseColor
emissiveColor
transparency
Navigationinfo headlight Provides information about the viewer’ s avatars and
type how it navigates using the current viewpoint
Normal vector Creates alist of normal vectors
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Node Fields Description of nodes
Scalarlnterpolator key Describes a series of key colors available for usein
keyVdue an animation
set_fraction
value_changed
Shape appearance Specifies VRML objects
geometry
Sphere radius Creates sphere-shaped primitive geometry
Text fontStyle Creates text geometry
length
gze
string
TextureCoordinate point Specifies alist of texture coordinates
TextureTransform rotation This node builds a new texture coordinate system
relative to the origina texture coordinate system
TimeSensor enabled Creates a clock that generates events to control
cyclelnterva animation
cycleTime
loop
TouchSensor enabled Detects a viewer’ s touch and outputs events
isActive describing when and where the viewer touched the
isOver sensed shape
touchTime
Transform children Creates a new coordinate system relative to its parent
rotation coordinate system
scde
scaleOrientation
trandation
Viewpoint description Specifies a viewing location within the coordinate
fieldofView system
orientation
position
Worldinfo Title Provides information about the VRML world
info (metadata)







shape. In VRML, coordinates of objects are defined using a 3D coordinate
sysem with X, y and zaxis. The origin is defined by the triplet 0.0 0.0 0.0
representing X, y, and zaxis [1]. The shape of every object is defined using
triplets in rdation to the origin. Soil landscapes are asymmetric 3-D objects and
therefore we had to use the IndexedFaceSet node to create face geometry. We
used Environmentd Visudization Software (EVS-NT Standard Version; Ctech
Deveopment Corporation, Huntington Beach, CA) to export the geometry of 3-
D objects. Additiond VRML code was added to enhance VRML models.
Surfaces were created using 2D ordinary kriging and volumes (layers) were
crested with linear interpolation in the vertical direction between these surfaces.

We used the Shape, Appearance, Material, IndexedFaceSet, Coordinate,
Normal and Color nodes to describe the geometry and appearance of our sl
landscape moded. For example, 3D objects representing soil layers of ste 1
were coded as.

Shape {
appearance | ayer1l Appearance {
material Material {
anbi entIntensity 0.301
di ffuseColor 0.3 0.3 0.3}
}
geonetry I ndexedFaceSet { solid FALSE
coord Coordi nate {
point [ -31.39 577.5 -272.4, -6.856
567.3 -270.1, etc.]}
coordindex [ O, 1, 2, -1, 1, 3, 2, -1,etc.]
normal Normal { vector [ -0.3124 0.1031 -
0. 9443,
0. 09592 0.2025 -0.9746, etc.]}
color Color { color [ 0.91 0.89 0.84, 0.91
0.89 0.84, etc.]}

}

We used the coord and coordindex field within the IndexedFaceSet node.
The coord field lised the coordinates available for building shapes, and the
coordindex field specified alist of coordinate indexes describing the perimeter of
one or more faces. Virtud Redity
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Modding Language uses the RGB (red, green and blue) classfication system to
specify the amount of red, green and blue light to mix together to produce a color.
The color field of the IndexedFaceSet node and Material node specify RGB
vaues as three floating-point vaues, each one between 0.0 and 1.0. In this
context, RGB is sgnd intensity information supplied to a cathode ray tube (CRT)
monitor, which is related to light output by a power function, the exponent of
which is commonly termed ‘gamma . Varying the gamma vaue changes not only
the brightness but dso the ratios of R to G to B (Jackson et d., 1993; Computer
Graphics Systems Devel opment Corporation, Mountain View, CA, 1999).

Because VRML uses the RGB color classfication, Munsdl soil colors collected
in the field had to be converted to suit. We scanned the Munsell color chart with
a Hewlett Packard ScanJet 6100C scanner set for ‘true colors (16 million
colors) and ‘no gamma correction’. For each scanned Munsell color, RGB
vaues were determined using Adobe Photoshop 4.0 with ‘no gamma correction’
and ‘ambient light: medium’. We decided to use no hardware and software
gamma correction while converting Munsdll to RGB vaues. For comparison, the
Munsdll Conversion Software 4.01 (GretagMacbeth; New Windsor, NY) was
used to convert Munsdll colors to RBG vaues using a gamma correction of 2.2, a
vaue that makes images ‘look average’ on most plaiforms. The RGB colors had
to be connected to each coordinate of the soil landscape modd using the color
field of the Color node. The materia color method was used to color ecific
layers of our soil landscape modds. To visudize sructurd and color changes
aong the soil profile on site 1, we used the VRML texture mapping method. We
scanned a photograph of the soil profile in JPEG format and draped it on the
faces of the VRML soil profile object coded as IndexedFaceSet node. Our
VRML code used Shape, Appearance, Material, ImageTexture,
TextureTransform, Texture Coor dinate nodes and was written as:

Shape {
appear ance Appear ance {
material Material {
texture | mageTexture { url
"picture_soilprofile.jpg" }
t ext ureTransf orm Text ureTransform {
rotation -1.58 }}
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}

geonetry I ndexedFaceSet ({
coord Coordinate {
point [ -1.0 1.66 1.0, 1.0 1.66 1.0,
etc.] }
coordindex [ 0, 4, 5, 1, -1, etc.]
t exCoord TextureCoordinate {
point [ 0.0 0.0, 1.0 0.0, etc. ] }
texCoordlndex [ 0,1,2,3,-1, etc. ]
solid FALSE

}

Within the ImageTexture node, the url field specifiesthe file name and graphicd
format (e.g, jpg: joint photographic experts group) used for texture mapping. The
texCoord field specifies the texture coordinates available for texturing faces
within the face set and the texCoordindex field specifies a lig of texture-
coordinate indexes describing the perimeter of one or more texture cookie
cutters. The solid field specifiesa TRUE or FALSE vaue indicating whether the
geometry specified by the facesin the face set is solid. The faces of a solid nearer
to the viewer obscure the backsides of more distant faces on the same shape.
When the VRML browser is informed that a face set is solid, it can avoid
drawing the backsides of faces and speed drawing time. In these models, we
used “solid FALSE” because the exporting program does not dways specify the
vertices of the polygons in a counterclockwise direction, a defect in EV'S but not
unusua among programs for which VRML export is not their primary festure.

In VRML, viewpoints are used to highlight different positions and orientations
of the VRML worlds for users. At each new viewing postion, the browser snaps
a picture and displays the picture on the screen. Viewpoints provide a shortcut
mechanism o that users can jump, wak or fly to a new postion. The position
field within the Viewpoint node specifies a 3-D coordinate for the location of the
viewpoint and the fieldOfView field specifies an angle, in radians, indicating the
spread angle for obsarving the viewpoint. A large angle cregtes a wide-angle
camera-lens effect, while a smdl angle creates a telephoto camera-lens effect
[13]. Generdly, for dl soil landscape models, we used a fieldOfView vdue of
0.083 as a compromise
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between large and small angle camera:lens effects. For example, the pedon
model had a position field of 0 0 120, whereas the zoomed Viewpoint node
had a position field of 0 0 80.

The appearance of a modd depends on shading. Shading gives the viewer the
sense that a shape is 3-D. Virtud Redity Modding Language automaticaly
computes darker colors as it shades the sides of a shape, gradudly darkening the
shading color as it progresses from the lighted sides of the shape to the unlighted
sides. [1]. Virtud redity uses smplified methods of amulating red-world lighting
such as diffuse and specular reflection, and ambient light. We suggest the use of
the diffuseColor field for the visudization of soil landscape modds because soils
are dull surfaces that exhibit diffuse reflection but only a little specular reflection.
Vaues of 0.3 0.3 0.3 for diffuseColor in the Material node were used, which
make the colors look dightly darker than their Munsdl notation but gives the
modd a redlistic 3D appearance. Dull shapes typica of soils are illuminated by
ambient lighting and we therefore suggest an ambientintensity of 0.301.

To show the X, y, and z dimension of VRML soil landscape modds, we added
scaes, which were coded using IndexedLineSet nodes. For example, the x-axis
of the soil layer modd on ste 1 was coded as follows:

Group { children [
DEF x_axis Transform { translation -5.0 -4.0
-7.0
children [ Shape {
appearance Appearance { materi al
Material {}}
geonetry Text { string "1 ni
fontStyle FontStyle {
size 0.8} } } ] }
DEF y _axis Transform{ etc. } } }
DEF z _axis Transform{ etc. } } } ] }
DEF 3 scal e _bars Transform {
translation -7.0 -4.0 -7.0
rotation -0.5596 0.5473 0.6223 0.0
children [ Shape {
appear ance Appearance {
material Material {
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em ssiveColor 1.0 1.01.0

di ffuseColor 1.0 1.0 1.0 } }

geonetry | ndexedLi neSet {

coord Coordinate { point |

0.0 0.00.0, 1.9 0.0 0.0, 0.06.20.0,0.00.0
1.9]}

coordl ndex [O0,1,-1, O, 2, -1, 0,3,-11] } }

]}
]
}

The Group node provided basc node grouping features, which can be
manipulated as a whole. The vaue of the children fidd specify alig of children
nodes to be included in the group. We used a Shape node for the vaue of the
children field and a Text node to create labels for the scale bars. The
IndexedLineSet node represented the X, y and z scaes. The vaue of the coord
field specified a node listing the coordinates available for building lines within the
line set. The vaue of the coordindex field specified a list of coordinate indexes
describing the path of the three lines representing the X, y, and z scale axis.

For site 2 we used the ElevationGrid node to visudize the terrain data on top
of the soil layer modd. This node has been designed specificaly to build terrain
models. To use this node the dimensions of the terrain grid, the cell spacing and
an array of height values are required input. An advantage of this node isthe ease
with which the terrain can be modelled, and the smooth visua appearance that
can be achieved because of the ability of VRML browsers to interpolate between
grid cdls.

Animation is the change of something as time progresses. To dtart, stop, and
otherwise control animation, the TimeSensor node acts as a real-world clock.
When turned on, the sensor darts ticking until it is turned off. If the sensor is
never turned off, it continues ticking until a new VRML file is baded into the
browser, or until the VRML browser is exited. To highlight aress of interest we
added sphere shapes to the VRML soil landscape modd of site 2. Spheres
changed their colors from transparent to dull using a ScalarInterpolator node
controlled by a TimeSensor node. Ydlow spheres highlighted heterogeneous
aress and blue spheres highlighted
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homogeneous aress in terms of depth changes in soil materid. We coded the
following VRML nodes and fields:

Group { children [
DEF Bal | _blue Transform{ translation -3.5 -
1.0 1.0
chil dren DEF ACube Shape {
appear ance Appear ance {
mat eri al DEF Bal | Col or
Mat eri al {
di ffuseColor 0.3 0.3 0.3
transparency 0.5 } }
geonetry Sphere { radius 1.5} } },
# anal og: define yell ow sphere
DEF Cl ock TinmeSensor { cyclelnterval 8.0 |oop
TRUE 1},
DEF TransparencyPat h Scal arl nterpol ator {
key [0.0, 0.5, 1.0 ] keyvalue [0.0, 1.0,
0.0] }

1}
ROUTE Cl ock. fracti on_changed TO

TransparencyPat h. set _fraction
ROUTE TransparencyPat h. val ue_changed TO
Bal | Col or. set _transparency

The vaue of the transparency field specifies a trangparency factor between 0
and 1, with O credting opague shapes and 1.0 making them completely
trangparent. We chose a transparency factor of 0.5. The ScalarInterpolator
node uses alig of key fractiond times and key floating-point vauesin its key and
keyValue fields. Driven by a TimeSensor node, the Scalarlnterpolator node
uses linear interpolation to compute intermediate floating-point values. The
value_changed eventOut of the interpolator was routed to the Material node’s
transparency field to cause the sphere transparency leve to vary.

An interactive gpplication festure, a TouchSensor node, was added to the soil-
landscape modd. This sensor was attached to the upper layer of the soil-
landscape modd. Pointer-device movement (a mouse) triggered the upper layer
to be moved by the pointer-device.

All VRML models were vdidated for syntax with Chisd 1.0 (Trapezium LLC,
Brooklyn, NY) for improving the qudity, peformance and reiability of our
VRML worlds. The CLEAN fegture of Chisel was used to remove coordinate
points and code that was
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unnecessary or redundant. Our VRML soil landscgpe models were loaded into
Netscape Navigator 4.7 using the Cosmo Player 2.1 plug-in (Computer Assoc.,
Inc., 2000).

3. RESULTS AND DISCUSSION

Our VRML soil landscape modds are accessble via the WWW  at
http://mww.soilswisc.edw/'soils'3D_SL._modeg/3Dsoilshtml. Users can interact
with soil landscape models and trigger animations.

The pedon a ste 1 and its location within a topo-sequence are shown in Fg. 1.
The origind, EVS-generated VRML files visudizing the pedon and the bpo-
sequence had sizes of 1.4 MB (megabytes) and 1.8 MB, respectively, which is
dorage intensive. Using Chisel software and gzip compression, the file sizes were
reduced to 57 KB (kilobytes) and 125 KB, respectively. In the process of
“deaning” by Chisd, the number of redundant polygons was reduced from
34,666 to 19,228 in the topo-sequence modd. The compressed VRML models
downloaded fagter into web browsers than the origind VRML models containing
redundant information in the point nodes.

The Ap, A/IB and 2BC horizons have a St loam texture and Btg was sty clay
loam (Fig. 1). The Btg horizon showed redoximorphic features indicating seasond
high water table. Soil sructure in Ap was moderate fine and medium subangular
blocky, fridble; in A/B medium platy to massve, firm; in Btg, strong coarse
prismdic, very firm; and in 2BC, sngle grain to massive. The Ap, A/B and Btg
horizon was formed in reworked loess materid, 2BC in lacustrine sediments, and

Fedon & - withot Fedon B - garmama Fedon © - smface
0 galirna correction correction of 2.2 texture mapping

T

Ap Ap

A8 AB

Big

Z2BC Z2BC

2y

Fig. 1. Dafferent VEVL technigues were used to color soil models at site 1.
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3C in gladid till. The 3-D topo-sequence and pedon models were able to portray
the digribution of soil layers redidicdly. For example, the thickness of the A
horizon increased from the top to the bottom of the topo-sequence in response to
a shift from predominantly erosiona to depositional processes.

The first pedon (A) was crested usng no gamma correction and the second
pedon (B) was created usng gamma- corrected vaues, while converting Munsell
s0il colors to RGB vaues (Fig. 1). The precise rendering of VRML models in
print and on the screen differ from device to device and depend on the hardware
and software gamma correction, for example, gamma correction of devices
(Macintosh, Sun workgations, IBM PC), monitors, brightness and contrast
Settings on the monitor, graphic cards, printers, software gamma correction, the
ambient room lighting, display options activated, and findly persond taste.
Gamma vaues usudly average 2.2 but range from 1.7 to 2.7 on different
platforms, graphic cards, computer system configurations, and software. Most
standard PCs have no gamma correction. Common graphics software, such as
Adobe Photaoshop, dlows the user to set gamma correction vaues. Netscape and
other common web browsers do not perform any gamma correction.

The Munsdll color specification is based on perceptud principles usng hue,
vaue and chroma, which are based on the visua characterigtics of paint pigment
rather than light. Munsdll colors are able to describe smdl and large color
differences. The RGB color sysem is not directly related to human color
perception and is not drictly definable in any of the Commisson Internationde de
I'Edlairage (CIE)-defined color space systems. The RGB color gamut has a
rectangular shape [20] in contrast to perceptua color space, which has a color
gamut boundary of irregular shape, somewhere between an dlipsoid and a double
cone, because of the asymmetricd response of the human visud system.
Smulaion of sheding and lighting is ancther factor that influences the visudization
of colors usng VRML. Color management usng color cdibraion and
sandardization exists but is not routingly gpplied to most desktop applications.
Virtud Redity Modding Language does not offer a hardware and software
independent color-management system. An adterndtive color specification, which
offers a precise means of specifying a color simulus under fixed viewing
conditionsusng X Y Z trigimulus values, was defined by the CIE. This
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color system is an internationd standard and has become the bass of dl
indudtrid colorimetry; however, it is not avallable in VRML (Jackson et d.,
1993). A drawback of CIE isthat real world viewing conditions are very different
from the controlled indudrid conditions under which the CIE sysem of
colorimetry can be applied. Instead of a single color chip under a known
illuminant, complex 3D objects exhibit the entire gamut of colors, affected by
shadows and reflections, and avariety of illuminants.

Although color representation in VRML is limited to the RGB color
specification, it is possble to visuaize color differences in top and bottom layers.
The top layer shows a dark brown color, which is influenced by greater organic
matter content. In contrast, we found brownish ydlow colors in the bottom
layers, which represent parent materids, lacudtrine sediments and glacid Htill,
respectively.

The texture mapping used to portray pedon C highlights structural and color
differences of soil layers. Displayed colors of the texture map saved in JPEG file
format were non-gamma corrected. Visudization of pedon C was influenced by
the same factors as listed above. Popular WWW file formats such as GIF
(graphics interchange format) and JPEG do not store file gamma. In contrast,
Targaand PNG (portable network graphics) formats sore file gamma[24,28].

The soil layer modd showing different soil materids is plotted in Figure 2. The
DEM is plotted as separate object coded in ElevationGrid node format on top
of the soil landscape modd. The advantage of this node is the smooth visud
appearance that can be

Bottom Vi&

i — %420 1

1 BE -
Fiz. 2. Anirnation to highlight heterogeneons (yrellow) and homogeneous (blue) areas on the
laver reworked loess for soil landscape raode] site 2 showr on the left.
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achieved because of the ability of VRML lrowsers to interpolate between grid
cels. Moore et a. (1999) stress two main disadvantages. (i) large arrays of grids
may be dow to maneuver in virtua space and large grids have to be tiled for
efficient rendering and navigation and (i) the height values are represented in the y
plane with eadtings in the x plane and northings in the z plane, which causes
perceptud misunderstandings for spatid scientists familiar with the modeing in x,
y spaces and requires trandformations in order to smplify conversion between
VRML positive axes and red world axes (Moore et d., 1999). The soil-layer
modd a thisSte showed athick layer of reworked loess on lower elevated areas
and a thinner layer of reworked loess on higher elevated areas. The animation
function usng yelow and blue spheres for homogeneous and heterogeneous
aress, respectively, was a hepful tool to highlight specific characteridtics (Fig. 2).
File gzefor the soil layer model on Site 2 was 144 KB.

The 3-D soil landscape model of site 3 consisted of A, Bt, and C horizonsand A,
Bt, Bg, and Cg horizon sequences, respectively (Fig. 3). Soil map units in
depression areas showed a horizon sequence of A - Bt - Bg - Cg, indicating a
seasond high water table resulting in redoximorphic features in the Bg and Cg
horizon. On higher elevated aress, the horizon sequence was A - Bt - C,
indicating trandocation and accumulation of clay-szed particles in the Bt horizon.
A coherent VRML soil landscape was built representing red world soil patterns
and terrain characteristics based on readily available data from a soil information
database. Smilar results indicate that virtud redity can utilize spatid data
collected for map making and digital spatid datasets. [10].

Depth Top view

{om) Bottom wiswr
n
150 l
n
\ Bt
C
Cg
1 km
A ‘/{ fen

il
Fig. 3. Three-dirmensional VEMIL zoil layer raodel site 3.
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4. CONCLUSIONS

For three different dtes, we created virtua 3-D soil landscape modeds
representing natural soil and landscape characterigtics usng VRML. Scientific
visudization usng VRML fadilitated creetion of virtual 3-D objects in this study.
Currently, VRML lacks georeferencing spatid data usng map projections. An
officid GeoVRML Working Group (1999) has been edtablished within the
VRML Consortium to develop geogrgphic functiondity within the VRML
specification. This is a gep in the direction of a true virtud redity GIS. Virtud
Redity Modding Language provides the ability to modd and manipulate spatid
data and promises a powerful tool for spatid scientists. Geographic information
system vendors are developing pseudo VR environments such as the ESRI 3D
Andys add-on to ArcView; however, these software packages lack full
functiondity of 3-D graphica design such as 3-D volume rendering of objects.

In the context of cross-media color reproduction and digita visudization which
endeavors to draw virtud redlity closer to the red environment, we sress the
importance of cross-fied collaboration between computer scientists, graphica
designers and soil and environmentd scientists.

Three-dimensonal VRML worlds are accessible via the WWW, which opens the
way to the development of more meaningful ways of representing, and therefore
communicating scientific information. The WWW has turned the internet into a
large dorage facility for information of many types. Virtud redity facilitates
visudization of information, storage of data in 3D format, and dlows the user
interact with virtual environments representing red (or natura) environments. We
believe that virtud soil landscape modding has merit for educationa and research
activities such as improved visudization of soil information stored in databases,
environmentd assessment sudies, water qudity amulation modding, and Ste-
specific management.
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Fiz. 2. Animation to highlight hetero geneons (yellow) and homogensous (blue) areas on the
laser reworked loess for soil landscape model site 2 showrn on the left.
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Fiz. 3. Three-dirmensional VEIVIL soil layer model site 3.




