VNS 2 Lecture Notes: Recreating the Natural World R Scott Cherba

Recreating the Natural World

WCS and VNS were created to alow users to recreate the natural world using data
readily (and not so readily) available. Since it's the natural world we're simulating, the
toolset reflects those roots. This will take getting used to if you're familiar with the way
other applications work.
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The Basics

Terrain is made up of polygons. Before each polygon is rendered VNS must decide what
to put on it. Land Cover includes the following in order of increasing render priority.
Ground Effect is atexture that colors the polygon

Ecosystems have atexture (Ground Overlay) and place Foliage with Ecotypes

Snow covers polygon texture

(While not a part of VNS Land Cover, Lakes and Streams should not be forgotten.
Their Beaches override Land Cover.)
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WhatYou Can Grow & Float In VNS

= Environment (placing anything on land)

[ Ecosysltem
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Katarimls with the following drivan By Matessal Gradiant

— Material Overstory Ecotypa
Fokigse Group: Foligs: i Ot A Oibj It SaoLia M
Crigtritndod by Caesity (can Be texiusc]
Digtance Disssive
Example: Douglas fir
— Material Understory Ecotype
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Exampla: farm

= Material Ground Overlay
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Exmmple: i rad e cover
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— Ground Owvarlay
Crerar: ear e besind
‘Barwta: omn By dalormed
B waam b g
— Ground Effect (color the ground beneath Envs)
Calor! can Do e
Sirata: omn e doformed
Examphe; bare reck

Ground Effect

A Ground Effect is under everything and every project must have one enabled. Every
new project created has one. If no Ground Effect is enabled, VNS will create a new
default one. Vector Ground Effects have priority over unbounded Ground Effects.
Ground is the last component rendered but a good place to start. We'll use the Grand
Canyon as a setting for this exploration so open the GCNP project from the GCNP ZPE

project folder.
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Bright Angel N Zoom - Preview Options

While the terrain data is from the Grand Canyon, the Ground Effect and water are

definitely not. Thisis the Western Desert component that comes with VNS. The Grand
Canyon of the Colorado River has what is often referred to as "layercake" geology.

Paleozoic sediments are stacked for most of the canyoris vertical relief. These rocks have
eroded into cliffs and slopes according to their resistance to erosion.

“Layercake” geology as viewed north from the Bright Angel Trail
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Late afternoon view west from Desert View on the South Rim

Simplified geology rendered in VNS as viewed north along the Bright Angel Fault
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Increase the Lake € evation to 1400 meters.

Bright Angel N Zoom - Preview Options

The base of the foreground cliff is at water level nearest the camera but increases in
elevation with distance. While we may have layercake dratigraphy, the cake is not flat.
WE'l reproduce this dlightly tilted geology with the Ground Effect.
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Enable the Geology - North Rim W of Bright Angel Fault Ground Effect and render a
preview. The component is linked to a vector that encompasses the area north of the
Colorado River and west of the Bright Angel Fault. Well talk about this later on.

Bright Angel N Zoom - Preview Oplions
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The Ground component is made of 7 Materials, each one representing a cliff- or slope-
forming rock unit. Placement of the Materiasis controlled by a Material Gradient using
the elevation.

Ground Editor - Geology - Morth Rinn W of Bright Ang
General  Matenal Gradient & Driver | Materiall

— M atenal Gradient & Driver
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Bright Angel Shale

Redwall Limestone

Hermit-5upai ;I

|5
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Strata discussion. Change the Hermit-Supai Strata dips to large numbers (try 50,000) and

render a preview. This changes the dip of strata within the Material. Return the values to
0 when you're done.

Bright Angel N Zoom - Preview Options
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Open the Maerial Gradient Driver texture. The gradient is controlled by a Dynamic
Parameter, Elevation, operating from alow of O m to a high of 3000 m. With horizontal
layers, the Out Low is 0% and the Out High is 100%. To create the strata dip, the Out
Low and Out High are modulated by terrain based textures. There was no secret formula
to determining the Values texture numbers; it was done by trial and error.

@I _ﬂ EI Selected Element Fresviews
I Dynamic Parameter j Size
Out Low [Z] <- Dynamic Parameter

;l Cut High [%] <- Dynamic Parameter ¥ Enabled [ Sel-Opacity Wiew From I.-’-‘-.I:u:ﬁ.fe +Z vI

- Opecit (41001 2] 7]
x|
—Yalues

outlow (0 ERIE  ouHche[oo EHel R

Femap Function 1 ﬂ Femap Function 2 '_J"I

[ Foot & Childen

— Procedural Parameters

Input Low [0 (2] & Irput High [3000m[] £
Farameter IElevatiDn [mr) j

¥ Element & Children

[ Element Orly
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Enable these textures and render a preview to see the effect. The strata now follow the
topography.

Bright Angel N Zoom - Preview Opkions

Disable our reference Lake and enable the remaining Geology Ground components.

Bright Angel N Zoom - Preview Options
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Vishnu Schist in the Inner Gorge
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Vishnu Schist from Tonto Plateau

Vishnu Schist color and texture varies with light and viewing angles
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Tapeats Sandstone
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Redwall Limestone along the Bright Angel Trail.
Note vertical streaks and rock spalls.

Redwall Limestone north of Desert View
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Supai Group
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Hermit Shale with Coconino Sandstone filling mudcracks

Coconino Sandstone
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Kaibab Limestone

Kaibab Limestone in different light
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Rock texture discussion. Look at a texture in detail: Redwall Limestone

Redwall Ls - Preview Options

Ground Effect Hierarchy

Ground
Material Gradient Driver controls Materia placement
Material Gradient contains Materials
Material with properties like Diffuse Color, Specular Exponent (size of
highlight), etc.

Ecosystems

Atitssimplest level, an Ecosystem is comprised of a Material with one or two Ecotypes
and a Ground Overlay that covers the ground between. Ecosystems can have more than
one Material placed by a Material Gradient Texture.

In order of render priority, Ecosystems can be placed in the following ways:

1. Terraffector Profile and Approach Slope. Priority among Terraffectors is based
on Terraffectors priority, evaluation order, and segment priority.

2. Vector-bounded Ecosystems, hard linked or dynamic link. Ecosystem Priority
controls placement when more than one vector-bounded Ecosystems is present.
Thisis covered in detail in the Blending Ecosystems section.

3. Color Map Ecosystem matching up to 15 million different Ecosystems from one
image. Color Maps can overlap with each linked to many Ecosystems.

4. Rules of Nature via Environments. Render order within Environment control
placement. Can be vector-bounded.
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Rules of Nature

Ecosystem Editor - Ponderosa-Fir

General  Pules | b aterial Gradient I  aterial & Faliage I Colar Map I
— Fules of Mature E‘I
—Wertical Limits :I
Elewvation Line m 2| & il
Elewvation Skew m gl © [ ] ll
Elevation Skew dzimuth |315°—E g ©
Relative Elewation Effect IE—E &I C ﬂ
= Lateral Linnits EI
b axirmum Felative Elevation m +‘E| C EI
kinirmum Relative Elevation m +‘E| C
b awimum Slope IS'EI—E gl ©
Minimum Slope ID—E g r @l

Rules of Nature define polygon parameters for Ecosystem placement. Create a new
Ecosystem and add it to the existing Environment. Render.

Bright Angel Canyon - Preview Opkions

New Ecosystems always default to rendering everywhere. The Elevation Line isthe
upper limit for Ecosystem rendering. Open the Diagnostic Data window and find the
elevation of the top of the Redwall Limestone in the foreground, about 1450 meters.
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Change the Elevation Line to 1450. The Elevation Line is the upper limit of the
Ecosystem. Ground Effect renders everywhere else. (With Snow, the Elevation Lineis
the lower limit).

Bright Angel Canyon - Preview Opktions

Increase the Elevation Skew to 200 meters. This skews the Elevation Line by lowering it
on Elevation Skew Azimuth facing slopes and raising it on slopes in the opposite
direction. The Elevation Skew Azimuth is currently 0°. North facing slopes have the
Elevation Line lowered and south facing slopes have a higher Elevation Line.

Bright Angel Canyon - Preview Options

©2004 R Scott Cherba All Rights Reserved 20



VNS 2 Lecture Notes: Recreating the Natural World R Scott Cherba

Change the Elevation Skew Azimuth to 90°, east.

Ecosystem Editor - Ecosystem

General Pules | b aterial Gradient I b aterial & Foliage I Colar ap I
— Rules of Mature E‘I
—Wertical Limits ﬂ
Elewation Line m 2 il
Elevation Skew m &I e ll
Elexation Skew Azimuth IEIEI—E gl & | _|
Relative Elevation Effect ID—E g © ﬂ
= Lateral Lirnits EI
b axirnumn Relative Elewation m +‘E| . El
Minimurm Relative Elevation m +‘E| C
b axirumn Slope IE"T—E +‘E| C
Minimum Slope ID—E gl T @I

Bright Angel Canyon - Preview Options
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Depending on where you are, an Elevation Skew Azimuth other than 0° may be
appropriate. Explanation.

Douglas-fir on the cooler and wetter north-facing slope below the South Rim.
These trees cannot tolerate the warmer and drier plateau above.
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Relative Elevation is a measure of the curvature of the terrain. It'sthe elevation of poly
elevation to surrounding poly elevations. A valley has a negative Relative Elevation and a
hill has a positive Relative Elevation. Flat terrain has a0 Rel El. Open the Diagnostic
Data window and sample anywhere to get an idea of Rel El range.

L

Diagnostic Data

Companent; IGEDIDQ_I,I - South Rim
Distance (2} |2013.26655m
Morthing |36.073
Easting [112127
Elevation: |1216.98035m
RelEL |-21.83
S |12 2675085"
Aspect: |276.019714°

Rieflection:  [0.0%

lluminatior: |71.63%
Nomal vZ: |-0.640, 0593, 0.488
RGB/HSY: [90.56.63 / 347.37.35
Alpha |255

|k|;'}ﬁ'}'}'}'}'}'}'}'}'}'}'}

N
R

Return the Elevation Skew valuesto 0.

L

Ecosystem Editor - Ecosystem

General Rules IMateriaIGradientI Material&FnliageI Eu:ulu:urMapI

— Rules of Mature E‘I
—Wertical Limnits ﬂ
Elewation Line m 2| il
Elevation Skew IEIm—E +‘E| O Ll
Elevation Skewszimuth[l ] ©
Relative Elevation Effect ID—E gl ﬂ
= Lateral Lirnits J EI
b axirnumn Relative Elewation m +‘E| r El
Minirurn Relative Elewvation m +‘E| C
b axirumn Slope IE"T—E &I C
tirirm Slope ID—E &I . ;I @I
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If we change the Maximum Relative Elevation Effect to 0, we tell VNS not to render
the Ecosystem on any concave downward terrain, i.e., hills or ridges. The Ecosystem will
only render in depressions.

Lz

Ecosystem Editor - Ecosystem

General Rules IMateriaIGradientI Material&FnliageI I:l:ull:nrMapI
— Rules of Mature

—Yertical Limits J

Elewvation Line m 2|
Elevation Skew IEIm—E +‘E|
R Elervation Skew Azimuth IT—E 2]
‘ Relative Elewvation Effect ID—E 2|

= Lateral Linnits J
b azirnum Relative Elewation ID—E &I
Mirirmurn Relative Elewvation m +‘E|

b asimurn Slope IEIEI—E 2|
binirnurm Slope IW—E &I

Al S [

i e D D

0

2 % e

o e e

L
5]

Bright Angel Canyon - Preview Opltions
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Return the Maximum Relative Elevation Effect to 10000 and change the Minimum
Relative Elevation Effect to 0. Thiswill render the Ecosystem on any concave
downward terrain only.

Lx

Ecosystem Editor - Ecosystem

General Rules IMateriaIGradlentI Material&FnliageI Eu:ulu:urMapI
— Rules of Mature

—%ertical Lirnits J

Elevation Line m +‘E|

Elevation Skew IEIm—E +‘E|
Elevation Skew szimuth[0 [ ]
Relative Elewation Effect ID—E 2|

= Lateral Lirnits J

b axirnumn Relative Elewation m +‘E|
Mirirnurn Relative Elewvation ID—E +‘E|
b a=irumn Slope IE"T—E &I
Firimurn Slope ID—E &I

Al S ]

i e D D

2 | ke

O

90

L
5]

Bright Angel Canyon - Preview Opkions
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In the natural world some plants grow better in well drained soils (ridges) while others
prefer high root moisture (valleys). Change the Rel El values to create this effect.

The Riparian Community is restricted to moist and shaded canyon floors
like Indian Gardens in Bright Angel Canyon.

Maximum Slope is limits Ecosystems to polys with slopes less than or equal to the
value. Minimum Slope limits them to polys with slopes greater than or equal to the
value. (These values work the same way with Snow).

Keep in mind that the Rules of Nature operate anywhere an Ecosystem is rendered, not
just for those Ecosystems placed by an Environment.

©2004 R Scott Cherba All Rights Reserved
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Environment explanation and discussion.

Environment Editor - Grand Canyon South Rin £
General I Foliage & Gradients Ecosystems
— Ecozpstems E-I
Jood
Agave-Cactuz <
!a Creozote —I
Fifian
EI Ponderoza-Fir ll
Fir-Spruce
hJ I=
=]
Grab Al | Saort Order | Scale Rules | @l

Ecosystem Editor - Cottonwood L #
General Rules | taterial Gradient I bl aterial & Foliage I Color kap I
— Rules of Mature E‘I
— Wertical Limits ﬂ
> Elewatian Line m g il
Elevation Skew m &I C LI
Elevation Skew Azimuth |315°—E g ©
Relative Elevation Effect IEIE—E gl © ﬂ
= Lateral Lirnits EI
b axirnumn Relative Elewation m +‘E| e EI
Mirirmurn RBelative Elewvation m +‘E| 0
b a=irmum Slope IW—E +‘E| C
binimum Slope IT—E +‘E| . j @I
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L

Ecosystem Editor - Agaye-Cactus
General Rules | faterial Gradientl b atenal & Fu:uliagel Colar Mapl

— Rules of Mature E‘I
—Wertical Limits ;I
Elewation Line m 2| il
Elewvation Shkew m gl ll
Elevation Skew Azimuth |'|35°—E +‘E| C
Relative Elevation Effect IEIE—E +‘E| C ﬂ
= Lateral Linnits EI
bl amimum B elative Elewation (1000 B, &I 0 EI
Mirirmurn Relative Elevation m &I O
b aximum Slope IS'EI—E gl ©
MirirnLim Slope ID—E g © j @I

[E

Ecosystem Editor - Creosokte

General Rules MateriaIGradientI Material&FnliageI Eu:ulu:urMapI

— Rules of Mature E‘I
[:%"v"ertical Lirnits ﬂ
Elewatian Line m g il
Elevation Skew m &I C LI
Elevation Skew Azimuth |135°—E g ©
Relative Elevation Effect IDE—E gl © ﬂ
= Lateral Lirnits EI
b axirnumn Relative Elewation m +‘E| e EI
Mirirmurn RBelative Elewvation m +‘E| 0
b a=irmum Slope I?E"—E +‘E| C
binimum Slope IT—E +‘E| . j @I
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Ecosystem Editor - Pifion £
General Rulez | b aterial Gradientl b aterial & Fu:uliagel Color Mapl
— Rules of Mature E‘I
—Wertical Limits ;I
Elewation Line m 2| il
Elewvation Shkew m gl ll
Elevation Skew Azimuth |'|35°—E +‘E| C
Felative Elewvation Effect IDE—E +‘E| C ﬂ
= Lateral Linnits EI
b airnum Relative Elewation m &I . EI
Mirirmurn Relative Elevation m &I O
bl &=inum Slope ldE—E g
MirirnLim Slope ID—E g © j @I
Ecosystem Editor - Ponderosa-Fir k|
General Rules | taterial Gradient I bl aterial & Foliage I Color kap I
— Rules of Mature E‘I
— Wertical Limits ﬂ
Elewatian Line m g il
Elevation Skew m &I C LI
Elevation Skew Azimuth |315°—E &I e
Relative Elewvation Effect IE—E gl © ﬂ
= Lateral Lirnits EI
b axirnumn Relative Elewation m +‘E| e EI
Mirirmurn RBelative Elewvation m +‘E| 0
b a=irmum Slope IW—E +‘E| C
binimum Slope IT—E +‘E| . j @I
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Ecosystem Editor - Fir-Spruce : #
General Rules | faterial Gradientl b atenal & Fu:uliagel Colar Mapl
— Rules of Mature E‘I
—Wertical Lirits _I
Elevation Line[100km [ 8] © <]
Elevation Skew -200m Hz © ll
Elevation Skew dazimuth [135° el ©
Felative Elevation Effect |0 E. +‘E| C ﬂ
= Lateral Limits EI
b axirumn Felative Eleration | 10000 B, +‘E| . EI
Minirnurn Relative Eleswation (10000 E, &I O
b awirnumn Slope (60 g ©
Mitmirvirn Slape |07 g © j @I
While we're here, let's look more at Ecosystems (discussion).
Ecosystem Editor - Fir-Spruce : #
Generall Rules I b aterial Gradient Matenial & Foliage | Calar Mapl
— Gradient Materials ————— Selected Material E‘I
Boreal Forest
— Selected Material Ecotypes il
Overstaony ﬂ
IInderztary ﬂ ll
= Selected M aterial Ground Dwverlay
Ditfuse Color [l 2| W@  irtensiv za[100 [ &|r k]
Strata ﬂ Lurninosity [2] Eﬁl__l‘l EI
Tranzparency [Z]|0 E EI ﬂ
_ﬂ Specularity [3](0 E +‘E|T| EI
Specular Exponent [5 E EI'_I'I
EI R eflectiviby [3](0 E 4 I TI
Bump Intensity [3][200 AT @I
Bump Map Texture ﬂ
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Ecosystem Hierarchy

Ecosystem - as many as you want
Rules of Nature determine vertical and lateral extent
Material Gradient Driver controls Materia placement
Material Gradient contains Materials
Material - as many as you want
Ground Overlay with properties like Diffuse Color, Bump, etc.
Overstory Ecotype for foliage, usualy bigger stuff
Height
Density
Absolute stems per area recommended, with caveat
Foliage Group, as many as you want, usually by species
Height
Density. Foliage Group percents don't have to add to 100;
will be normalized to 100%. For example, aFoliage
Group Density of 25% and another of 50% total
75%. Thefirst will render 1/3 of the time, the
second 2/3.
Foliage Object, as many as you want, the more the more
varied
Height
Density
Object, Image Object or 3D Object
Image Object
Random Flip X
Apply 3D Shading
Back Light %
Replace Gray
3D Object
XY Z Rotation
Understory Ecotype for foliage, usually undergrowth
Same as Overstory

Discrete Ecosystems vs. a single Ecosystem with multiple Materials

Separate Ecosystems are placed by the Rules of Nature. The Texture Editor offers
complex controls different from the Rules of Nature. These can be very useful, especially
when only one Ecosystem can be rendered as in Terraffector profile segments and
approach slopes.
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Snow

Snow covers Ecosystem Ground Overlay and Ground Effects. Foliage is not affected.
Ecosystems can override snow priority with Snow Cannot Cover this Ecosystem
parameter. Snow Rules of Nature are similar to Ecosystems except:

Elevation Lineis lower limit of Snow coverage
Elevation Skew works the opposite of Ecosystems, raising it on Elevation Skew
Azimuth slopes.

Snow placed by vectors honor lateral but not vertical limits (?, check). Create a new
Snow component and set the Elevation Line to 1500 meters.

Bright Angel Canyon - Preview Oplions

Try the following:

Maximum Relative Elevation to 5

Elevation Skew to 500 m

Maximum Slope to 60°

Create vector for Snow. Does it honor vertical limits?
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Return the Snow Component to its origina values and unlink the vector. To soften the
edges, set Feather Edges to 100% on the Miscellaneous page. Render a preview.

snow Editor - Snow : #
General Rules I b aterial Gradient & Driver I Material I Miscellaneous I
— Rules of Mature ;@I
—Wertical Lirnits ﬂ
Elewation Line m 2| = il
Elewvation Skew IDm—E +‘E| C il
Elevation Skew Azimuth IT—E +‘E| C
Relative Elevation Effect ID—E gl © ﬂ
= Lateral Lirnits El
b awimum Relative Elevation (10000 E, 2 _I EI
Mirirmurn Relative Elewvation m +‘E| r
b asimurn Slope IEIEI—E g ©
birnimum Slope IW—E &I . j @I

For patchy snow, go to the Materia page and increase the Transparency to 100%. Create
atexture, change the size to 200 metersin all directions and increase the Preview size.
Try an Octaves value to 2 and render another preview.

Snow Hierarchy

Snow Component - as many as you want
Rules of Nature determine vertical and lateral extent
Material Gradient Driver controls Material placement
Material Gradient contains Materials
Material with properties like Diffuse Color, Specular Exponent (size
of highlight), etc.
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Rendering

The polygon is the smallest unit of terrain rendering. As VNS renders each polygon, it
looks for the following.

Note
Only one Ecosystem can be rendered per polygon although a Material
Gradient can vary Material placement.

Is there a Terraffector with Ecosystem?

Does the polygon fall within a vector-bounded Ecosystem?

Is the polygon part of a Color Map that defines an Ecosystem?
If CM resolution exceeds FD subdivision, some pixel info will be ignored because
pixel at centroid of poly is used for Ecosystem placement

Is there an Environment with Ecosystem Rules of Nature that define cover?

After determining which Ecosystem applies to the polygon, if any, color goes on the
polygon in the following order.

Overstory Ecotype Distance Dissolve

Snow
Snow takes render priority over Ecosystems with the exception of Overstory
Dissolve, so the Ecosystem check precedes Snow.

Understory Ecotype Distance Dissolve

Ecosystem Material Ground Overlay
Trangparency is not see-through; it's % of Ground Overlay that will be replaced
by Ground Effect.

Ground Effect
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