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Applications of 3D Visualization Techniques to a Large-Scale Tree Growth Model

3D imaging has become a common visual debugging tool in the scientific modeling process, particularly in
examining problems generating large, complex data files. This project examines three commonly found
visualization packages in the context of a large-scale tree growth simulation, ECOPHYS, developed at the
University of Minnesota Duluth Natural Resources Research Institute. Tecplot, POV-Ray and VRML are
used to design images and animation tests that help understand the accuracy of ECOPHYS modeling
components. This investigation relied on resources from the UMD Department of Mathematics and
Statistics, the UMD Natural Resources Research Institute and the UMD Visualization and Digital Imaging

Laboratory.
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1. Introduction

Worldwide population growth is creating an ever-increasing strain on the world’s
renewable natural resources. Increased deforestation is shifting agriculture more and
more onto marginal lands and increasing the problems associated with soil erosion and
increased agricultural chemical runoff. One solution may be to dedicate larger areas of
cropland to silviculture in order to help reduce the long-term effects of some of these
environmental problems (Host et al. 1996). Other problems that may have detrimental
effects on forests are related to changing atmospheric conditions due to elevated levels of

greenhouse gasses such as carbon dioxide and ozone.

Field experiments at the Free Air Carbon Dioxide Enrichment site at Rhinelander,
Wisconsin study the effect of elevated doses of carbon dioxide and ozone on aspen trees
in 30-m diameter rings from an open air fumigation system (Karnovsky et al. 1997).

Forest growth studies are very labor intensive and require much time and money to see
through. Considering this and the complexity of ecosystem level studies, a thorough

study of the many different scenarios becomes infeasible (Isebrands et al. 1997). Forests
experience numerous and ever changing stresses throughout the course of a growing year.
Computer simulation models allow researchers to more efficiently arrive at many

possible outcomes that include stresses when considering results such as growth and

productivity.



ECOPHYS (Rauscher et al. 1990), an ecophysical growth model of juvenile poplar and
aspen clones, simulates a whole-tree growth process that operates at the individual leaf
level on an hourly basis. Photosynthate production is determined using hourly light,
temperature, relative humidity, carbon dioxide and ozone inputs. The model also takes
into account shading and leaf age. Root structure is designed using a relaxed fractal
algorithm for carbon allocation and genetically determined branching rules. The
simulation outputs cumulative whole tree photosynthate production, leaf area
development, biomass by component, and other mensurational variables (Isebrands et al.

1999)

ECOPHYS is currently implemented using Visual C++ due to the object-oriented nature
of the language and run on a cluster of Gateway PC'’s (typically 333 MHz Pentium I
processors) running MS Windows NT 4.0 operating system. The ECOPHYS simulation
generates a large amount of data, including detailed information computed hourly at the
individual leaf level. This allows the computation of many biological characteristics that
potentially can further the understanding the underlying processes (Lenz et al. 2000).
However, large data sets are often unwieldy and alone provide little insight to the model.
Scientific visualization has become the tool of choice for engineers and scientists when
dealing with such mathematical models (Foley et al. 1997). This is especially true of
animations that include time-varying parameters depicting variations in the model. In this
situation a raw data analysis would provide little or no information. Such renderings can

include as many as four parameters per image (i.e. three spatial variables and one



coloring contour variable) and in addition allow a temporal variable by way of animation.

One can visualize tens of thousands of data points in a matter of seconds.

For this project three commonly available 3D imaging utilities are test-driven to
determine their feasibility in analyzing complex ECOPHYS output. Each software
package has advantages over the others in how beneficial they can be in terms of
different aspects of data visualization. The three applications are Persistence of Vision
Ray Tracer (POV-Ray) (http://www.Pov-Ray.org), Tecplot (Amtec, 1999) and the

Virtual Reality Modeling Language (VRML) (Ames et al. 1997). VRML, a device-
independent program designed for web based applications, is free and relatively easy to
install and learn. Tecplot is a powerful scientific visualization package with numerous
data manipulation features that can create a variety of graphics from a single data file.
POV-Ray is a high-performance imaging tool that can potentially create images with jaw-
dropping realism from a real-to-life lighting component, including accurate inter-object

shading.

The goal of this study is to investigate the potential of these three software packages in

the context of the ECOPHYS model by:

X Using well-documented examples to show all three graphics utilities’ rendering of
high quality images depicting 3D processes.

x Using well-documented examples to show two of the graphics utilities’ rendering of

high quality animations depicting 3D processes.



X ldentifying the strengths and weaknesses of the applications of these three packages

to analysis of ECOPHYS processes.

Chapter 2 explores VRML and applies it to rendering a tree image with data generated
from ECOPHYS. Chapter 3 shows the same process with Tecplot plus other graphical
analysis of data including additional parameters. POV-Ray’s canopy imaging is
discussed in Chapter 4, including the use of shading techniques that could assist in
determining the accuracy of the method used by ECOPHYS to shades trees. Chapter 5
discusses the two methods by which Tecplot can be used to create movies. POV-Ray
also has the potential for creating animations. That method will be discussed in Chapter
6. Finally, the software will be compared and the ideal uses identified for each, including

the potential for further studies.

2. VRML Still Imaging (3D, Interactive Visualization)

2.1 Background
The Virtual Reality Modeling Language, abbreviated VRML, was developed in 1994 by
researchers at Silicon Graphics to be used as a platform-independent tool for 3D

visualization implemented over the internetg://www.vrmisite.cony. VRML is an

interpreted language. Commands written in text are interpreted by a browser and then
displayed to the monitor. The VRML browser supplies the user with an array of

interactive commands that allow the user to rotate, magnify, and translate images.



To create a VRML 3D image only two things are required, a text editor and a VRML
browser. The text editor is used to creairh document that describes a VRMIorld .

The VRML browser reads, interprets and builds the world, drawing it to the screen. The
browser can be downloaded as a plug-in to a default web-browser and can open VRML
worlds from a file or from the World Wide Web. The browser used for this project was

the Cosmo Player 2.1 for Windows 95/NT frémitp://www.cai.com/cosmo/However,

other versions of Cosmo Player can be found for almost any desired platform. More
information on VRML, including FAQ’s tips and tutorials can be found at

http://lwww.vrmlsite.com/

2.2  Process

Prior to rendering an image, some preliminary work must be done researching the
possible techniques available for rendering specific objects. All objects that VRML
renders are described ldedesthat contain two fieldggeometryandappearance The
geometry is the form field that defines the three dimensional structure of the VRML
object. The appearance field (as the name implies) describes how the object appears on
the screen and includes its own fields such as color, texture and material. Using the

shape node and accompanying fields, 3D objects can be described in VRML.

Since leaves are relatively flat, rendering a 2D planar object closely approximates them.
The current implementation of ECOPHYS treats each leaf as a two-dimensional
qguadrilateral and writes the data set accordingly. For this, the appropriate geometry used

to describe then is dndexedFaceSethat can be used to connect any set of points



which are planar. The leaf vertices are first written in order to a VRML file. Then they

are indexed by a list of integers, telling the browser which points to connect in which
order. For our purposes (modeling leaves), we connect four consecutive points to form a
qguadrilateral per each leaf. The color of each leaf is described®&Brscheme, which

is a precise method of defining colors. Using three numbers between zero and one to
combine amounts of red (R), green (G) and blue (B) light one can create a large palette to
choose from (Ames et al. 1997). For rendering canopy information an aesthetically
pleasing range of green can be chosen by holding red and blue values at zero and varying

the green value from 1.0 (pure green) to 0.0 (black).

In order to render leaves the data sets must first be translated to the Virtual Reality
Modeling Language. Canopy data files generated by ECOPHYS become large quite fast,
and it would be impractical to hand write a .wrl file for each data set. For this purpose
C++ or Fortran programs can be written that will take canopy data files, read and rewrite
them in a format that can be interpreted and rendered by the VRML browser. The first
step is reading the canopy data from a file. Then the Indexed Face Set geometry object
can be used to render each quadrilateral leaf structure. This requires that each one of the
points be read to the file and indexed according to the order that the points are connected.
A .wrl for the canopy is written to include all the data and its attributes using the VRML
syntax. The .wrl file can then be opened, interpreted and rendered to the screen by the
browser. See the attached code, eco2wrl.cpp, in the appendix section for a copy of a
C++ algorithm that performs the above process. After a successful canopy has been

rendered, the ideal format for displaying the image is by way of a standard web browser.



2.3  Anatomy of a .wrl file

The following table is a sample .wrl file, which describes a VRML world with two green

leaves. Each component of the file is described in detail on the right hand side of the

table.

#VRML V2.0 utf8

Transform{

translation 0 0 0
rotation 0000

children][
Shape{

appearance Appearance{
material Materia
diffuseColor 00.9 0
emissiveColor 0 0.2 0

}
}

geometry IndexedFaceSet{
coord Coordinate{ point[

VRML header required on all .wrl files

This object has no translation or rotation

Children is a group node allows the addition of
multiple Shape nodes.

The Material node specifies attributes
such as color of object and light reflected from
the object

The Indexed Face Set geometry describes leaves
as 2D planar objects

-1.03 2 1.22 The coordinate set from ECOPHYS. Each line
-0.38 1.55 2.38 represents the x, z and y components of one leaf
2.7 2 3.22 vertex. Note the order, in VRML the second
-2.28 2.45 0.79 coordinate always represents the vertical axis.
093 6.32 -0.64

071 621 -1.73

224 498 -1.56

166 5.9 0.08

]c}oordlndex [ The coordinate index defines each leaf as a four-
3210-1 sided object. —1 is used as the delimiter.
7654-1

]solid FALSE Allows leaves to be rendered individually, does
B not set leaves as one solid object.

Fig 2.1 A sample .wrl file with 2 leaves

2.4  Application Canopy Visualization
The following is a detailed description of how to render a canopy on VRML. The canopy
chosen is outputted from ECOPHYS in the second year of growth on Jlner 29e

180" julian day. This is the default canopy used for all of the image examples here,



entitledleaf2180.x| to maintain consistency. The first step is to convert the ECOPHYS
output to a .wrl file that can be read by the VRML browser. To do this the program
eco2wrl.cpp is used. The program takes ECOPHYS output as input, in this case
leaf2180.xl, and rewrites it in a VRML formd¢af2180.wrl, that describes the canopy

(as in chapter 2.3, anatomy of a .wrl file). Once the leaf2180.wrl file is generated, the
VRML browser can open it and the image of the canopy will be rendered to the screen.
The image can be can now be displayed over the World Wide Web, or to obtain a

hardcopy of the image, a Microsoft Windows screen dump can be used.

Campus Center 118 PC NT cluster

ECOPHY¢

.

leaf2180.xI

'

“eco2wrl.cpp’

.

leaf2180.wrl

’

VRML browse Campus Center NT workstation with Cosmo

l l Player 2.1

MS Windows display over
screen dump wWww

Campus Center NT workstation with MS Visual
C++

Fig 2.2 This flow diagram shows the process and accompanied platforms to complete a
canopy rendering of ECOPHYS output, leaf2180.xl, in VRML




; D:Acpiersoniprojecth\Yrmlibranches\leaf21 80 wrl - Microsoft Internet Explorer

J File Edit ‘“iew Favorites Tools Help |J Links **
Iy >
« @ = D A Q M S
Blachk Fanand Stop Fefresh Home Search  Favortes  History
J-‘*‘-EldeSS D:\epierzonhyprojectiYmlhbranches'leaf21 80, wil j @GD

|@ Done l_ l_ @ tdy Computer o

Fig 2.3 This image shows the leaf2180.wrl image and the Cosmo Player browser

2.5  Applicationt Branch Coloring

Upon inspection of the leaf canopy data written by ECOPHYS it becomes apparent that
there is an ordering to the leaves. The leaf center point (abbr. LCP) z values that define
the height of the leaves in three space appear to generally increase as one scans down the

file. Then, an occasional jump occurs followed by another grouping trend of the x, y and



z coordinates followed by another jump. In order to further investigate this phenomenon
the canopy data file can be read into a C++ code which alters the data and generates
another branch type data file. The data set is grouped according to the Euclidean distance
between consecutive LCP values. By trial and inspection, it was determined that a
distance of 14 cm produces well defined branch groups. That is, a gap of larger than 14
cm signals a change of branch. The code reads leaf data from ECOPHYS-generated
output and then rewrites the data in the same format but adds a variable that indicates
branch number. This file can then be utilized by visualization techniques to further study

the ECOPHYS tree modeling process.

In order to visualize the ECOPHYS canopy according to branch data, the same technique
is used to render leaves as section 2.4, replacing leaf data files with branch data files. For
this the program “eco2wrl.cpp” is altered slightly to a new program, “brnch2wrl.cpp” that
can be used to render the new canopy. The node objects (split by the new code according
to branch number) representing individual branches of leaves are written, indexed and
colored. The RGB color scheme allowed for an array of colors that could be alternated
modulo the branch number thus giving us distinct color regions allowing for the viewer to
clearly distinguish between leaf clusters in the final rendered tree. To further this process
and view an individual branch it is possible to cut the specific branch desired to view

from the .wrl text file into a new file and render it using the browser.
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Campus Center 118 PC NT cluster
ECOPHY¢

.

leaf2180.xI

'
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.
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,
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C++

Campus Center NT workstation with MS Visual

C++

brnch2180.wrl

VRML browse! Campus Center NT workstation with Cosmo
Player 2.1

v
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Fig 2.4 This flow diagram shows the process and accompanied platforms to complete a
branch-clustered canopy rendering of ECOPHYS output, leaf2180.xl, in VRML
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Fig 2.5 This image shows the brnch2180.wrl image with colored leaf clusters
representing separate branches

3. Tecplot Still Imaging (Scientific Data Visualization)

3.1 Background
Tecplot is a powerful graphics tool developed by Amtec Engineering, Inc.

(http://www.amtec.con)/and marketed towards scientists and engineers for visualizing a

wide array of technical data. A strong advantage to Tecplot is how easy it is to learn. In

12



a very short time one can be rendering a large range of plots from a given data set.
Tecplot’'s many features include, X-Y, 2D and 3D plotting with potential use of color
coding data by different “contour” parameters. Tecplot’s window interface allows the
user to access nearly all of the features with one or two mouse clicks. The user also may

save screen layouts for future use with the same or different data.

The UMD Department of Mathematics and Statistics has two versions of Tecplot that are
available to students. Tecplot 7.5.1 is located on the SGI machines at
Itmp_mnt/iris/local/tecplot751/bin/tecplot , and version 8.0 is located

on the ub server @alisr/local/tecplot800/bin/tecplot . A Tecplot tutorial

is located at the University of Minnesota’s Supercomputing Institute web site,

http://www.msi.umn.edu/software/tecplot/tutorial

3.2 Process

Tecplot also can be used for visualization of a tree canopy generated by ECOPHYS.
Other possibilities with Tecplot, however, include creating scatter plots of leaf data,
animating versions of the canopy, or creating animated scatter plots. As with VRML, the
data must first be converted to a format suitable to visualization using the software, and

then images, plots, or movies can be created.

Before rendering an object on Tecplot, the proper data for input must be generated.
Tecplot accepts data in two forms, ASCII data files wittied extension or Tecplot's
binary file format with aplt extension. C++ or Fortran code can be written that will

rewrite ECOPHYS output as .dat files that are acceptable for rendering canopies, creating

13



scatter plots or making animations using Tecplot. Before a file is generated, the type of
output should be clearly in mind. Different plot types require different headers and

output formats to the .dat files.

Before running Tecplot, a few preliminaries need to be taken care of. First, on the local
machine the write-access must be allowed for the remote machine running the x-
application. This is done by executing the shell comnxdwodt + ub  from the local
terminal. Then from ub one must execute the following commands;

setenv TEC80HOME /ustr/local/tecplot

setenv TLMHOST ub.d.umn.edu
or include them into the .cshrc or .personal files. These commands need only to be done
the first time when logging on to use Tecplot. Another command that directs the output
display to the user’s local terminal and needs be run only once per session is:

setenv DISPLAY localmachinename :0.0
After the setup is complete, simply executing
/usr/local/tecplo800/bin/tecplot datafile  .dat
will open the Tecplot window and images from your predefined data file will show up on

the screen.

14
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Fig 3.1 A view of the Tecplot workspace and a bunch of leaves

After a particular view is determined to be adequate, it can be saved and utilized for
different data sets of the same format using Tecpyaut (.lay) file saving option.
Select thdile button from the menu bar and chogas®e layout ado save your layout to
a file. To open other data sets with the same layout access Tecplot from your ub session
using the following command,;
lusr/local/tecplo800/bin/tecplot mylayout .lay
+differentdatafile .dat
using the + sign to signal that you want to overwrite the previous data file saved to

mylayout .lay
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3.3.1 Anatomy of a Tecplot .dat canopy file
The following table is a sample .dat canopy file which describes two leaves defined as
quadrilaterals. The attributes such as color and shading can be done internally in Tecplot

or included using a predefined layout (.lay) file.

TITLE = "Ecophys tree" The title of the data file

VARIABLES = "X", "Y", "Z", "C" The names of the variables

ZONE T="CANOPY" N=8 E=2 F=POINT, Describes the Zone and type of geometry . The
ET=QUADRIALTERAL number of data points and the number of

-1.03 1.22 2 1 quadrilaterals must be included here.

-0.38 2.38 15 1 The data points representing the x, y and z
-2.7 322 2 1 coordinates of the vertex of each leaf. The
-2.28 0.79 245 1 fourth variable is a contour variable used for
142 -0.75 3.28 1 describing the attributes, done internally with
1.22 -2.09 3.83 1 Tecplot_

3.8 -2.02 3.76 1

2.56 0.08 2.92 1 . .

1 2 3 4 The index connection topology for each of the
5 6 7 8 quadrilaterals.

Fig 3.2 A .dat file that represents two leaves to be rendered by Tecplot

3.3.2 Anatomy of Tecplot .dat scatter plot file
The following table is a sample .dat scatter plot file, which includes 7 coldralas) of
data to be plotted. Trmonesrepresent different regions of data, and Tecplot defines

options for different zones internally.

16



VARIABLES = "sunlit area", "shaded area", The names of the variables
"sunlit ppfd", " shaded ppfd", "LCP X", "LCP

Y", "LCP Z"

ZONE | = 5 Defines the Zone and the number
0.27 435 599.8112.09-2.531.1 2 of data points

0 448 522.8812.110.56 1.98 2.34

2.6 173 424.4312.13-3.3 0.97 1.93

436 0 390.05 12.15-2.74 5.24 2.37

0 462 230.4312.172.75 -0.07 3

ZONE | = 3

3.67 0.86 348.1212.190.22 -2.04 3.34 The data points representing the
049 39 460.37 12.22 3.42 0.34 2.93 data in fields to be plotted.

446 0 434.1 12.24 4.51 -3.84 3.37 Scatter plots allow us to plot any

field against any other field.

Fig 3.3 A .dat file that represents a scatter plot with two zones to be graphed by Tecplot.
This same file can plot 2D or 3D scatter plots, determined internally with Tecplot

3.4  Application Canopy Visualization

The following example will render the same canopy, leaf2180.xl, as previously done in
VRML using Tecplot. First, the leaf2180.xl file must be converted to a .dat file to be
accessible by Tecplot. The C++ program eco2dat.cc is used to take the leaf2180.xI file
and rewrite it as leaf2180.dat (as in chapter 3.3.1). After the .dat file is generated, we can
view it using Tecplot. To open the file, execute the following in the command line;

/usr/local/tecplo800/bin/tecplot leaf2180.dat

Due to Tecplot's default settings, the initial image will not look like leaves of a tree and
some work needs to be done in Tecplot to define the desired image. The picture will be
located in a frame with a menu bar above and a sidebar full of shortcuts on the left-hand
side of the screen. The default image is always displayed in 2D with the color preset.
For rendering a canopy choose 8izframe mode from the sidebar and use the different

rotate tool options to change your viewpoint. To alter the colors chooBeltheption

17



from the menu bar and select theshbutton. A pop up dialog box will appear allowing
many options for altering your image including shading, selecting contour parameters and
turning fields on and off. More options are possible than can be discussed here, and the
user will learn the most from experimenting with the different tools and layouts,

consulting the help menu or the Tecplot version 8.0 User’s Manual.

After the desired image is acquired, save the layout for use in future canopy renderings or
for animating the canopy using Tecplot (See chapter 5). Pictures can be saved and
exported from the file menu using several image formats. The postscript format works
well for making hardcopies of images and is acceptable to many printers. For the
purposes of viewing ECOPHYS trees across platforms the popular TIFF (Tag

Information Format File) (Amtec 1999) image format was used as our exportttiype (

file extension).

18



Campus Center 118 PC NT cluster
ECOPHY¢

.

leaf2180.xI

'

“eco2dat.cc

.

leaf2180.dat

’

Tecplo

ooy

TIFF (.tif)  Postscript (.ps)

Linux /UNIX workstation

on SGls or ub

Fig 3.4 This flow diagram shows the process and accompanied platforms to complete a
canopy rendering of Tecplot output for leaf2180.xl generated by ECOPHYS
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Fig 3.5 A sample TIFF image generated by Tecplot

3.5 Application 2D and 3D Scatter Plots

The following examples use the brnch2180.xl file as generated in section 2.5 to create
scatter plots, which allow us to view relationships between any group of variables in our
file. A C++ code writes the brnch2180.xI data file into a scat2180.dat file that is

equipped to render scatter plots in Tecplot. Each leaf cluster is written to the .dat file as a
different zone ( see Fig 3.3). Tecplot allows data to be color coded by zone or by a
contour variable, both of which are defined internally and can be selected in the Tecplot

workspace.

20



3.5.1 A 2D Example

A 2-Dimensional example will use the scat2180.dat data file to plot the leaf center point z
variable against the shaded light intensity and color code the branches according to the
zone (branch number). To do this, open Tecplot with the appropriate data set;
/usr/local/tecplo800/bin/tecplot scat2180.dat

As was the case with rendering the canopy, the default parameters are not what we desire
for this plot so the following options need to be selected. First, select the 2D button on

the sidebar. Next, deselect the mesh switch and select the scatter switch. Now each leaf
is represented by a scatter symbol, but to get the desired plot we still need to switch the

variables represented along each axis.

Our data set has 7 fields representing different ECOPHYS output parameters including
sunlit and shaded area, sunlit and shaded light intensity and the x, y, and z leaf center
points. Any field can be chosen as the x, y or z variable in Tecplot by selectégghe

menu and choosingssign XYZ. For this example, choose “shaded ppfd” as the x axis
and “LCP z” for the y axis. The image that appears has automatically color-coded the
symbols according to zone. To choose a desired plot range select the Axis menu again
and therEdit. To further clean up the graph deselect some of the lower branches (zones)
by selectingMesh Attributes under therFields menu. Highlight a number of the lower

zones using the mouse then choosealdselect zon®ption. All of the selected zones

will disappear from the graph. The following image is an example of what a scatter plot

could look like (each plot may look different depending on the desired attributes).
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Fig 3.6 Scatter Plot using scat2180.dat in Tecplot, color-coded according to branch
number.

3.5.2 A 3D Example

To plot a 3D-scatter plot using a contour variable, just sd8[@ah the side bar menu as
opposed to 2D. Add the appropriate variables in the Assign XYZ menu. For this

example select LCP X, LCP Y and LCP Z for the x, y and z axes respectively. Next,
instead of coloring by zone, color by a contour parameter. In the field menu select
Contour Attributes and select the symbol to be filled. Color the filled symbol with the
multicolor field, a dialog box will automatically ask you to select a contour variable.
Choose shaded ppfd to contour the x, y and z position of the leaf with the shaded light
intensity. Other contour options include adding a legend, adjusting the legends levels and
varying the contours colors. Once again the output can be saved in a layout file, exported

as a TIFF image or printed as a postscript file.
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Fig 3.7 3D Scatter Plot using scat2180.dat in Tecplot, contour variable color-coded
according to shaded light intensity

The images in Figures3.6 and 3.7 suggest that there exists a relationship between branch
number and diffuse light interception (shaded ppfd) in the ECOPHYS simulation. This is
interesting, as one might guess that no such relationship exists in the natural world.
Further work with the ECOPHYS simulation itself may determine the validity of this

component of the model.
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4. POV-Ray Still Imaging (High Precision Imaging)

4.1 Background
Persistence of Vision Ray Tracing (POV-Ray) is a ray tracing software designed in 1988

by the POV-Teamnhtp://www.povray.oryywith the desire to generate photo quality 3D

images. Ray-Tracing mathematically models light interception as it enters a predefined
image from a source location and reflects off of the objects in the image to the lens of a
camera. The camera happens to be our viewpoint, and its location (along with the
location of a light source) describes what the viewer sees when looking at a POV-Ray-
created image. POV-Ray is not fast but it offers the possibility of very realistic images
from a light interception standpoint. Specifically POV-Ray offers us realistic shading
which is particularly appropriate to ECOPHY'S since a principle component of the model

is the accurate shading and light interception of individual leaves.

POV-Ray is located at the UMD Visualization and Digital Imaging Laboratory on the
Sun Ultra Workstation ilabsun60. To access the machine the user needs to have an
account before logging on. A POV-Ray tutorial, set up, and run by the creators of POV-

Ray is located dittp://arena.cwnet.com/povdocs/povuser.html

4.2  Process

Rendering the canopy requires the same kind of data conversion program as our previous
methods. C++ or Fortran code converts .xl ECOPHYS-generated outppbioROV-

Ray input file. The header for the .pov data file requires the inclusion of certain library

files depending on characteristics desired of the leaf. Other things to include in the
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header are camera location, light source location and background nodes. The leaves are
then plotted as pairs of triangle objects, each pair matching together to form a

quadrilateral.

After the .pov data file is prepared, POV-Ray can render the image. Set the remote host,
xhost + ilabbsun60 from your local machine and then telnet to ilabsun60 and set
the remote display as before;

setenv DISPLAY localmachinename:0.0

Before POV-Ray is run, the povray.ini file (located at /user/local/povray3/povray.ini)
needs to be put into the user’s working directory with the .pov files. This is the directory
that POV-Ray will be run from. This file will need to be altered, due to the non-standard
installation on ilabsun60, to include the locations of the POV-Ray libraries. Set the
library path by removing thelib " subdirectory from the current path in the povray.ini

file.

Access to POV-Ray is done entirely on the command line; there is no workspace such as
in Tecplot. To run an example called polygon.pov on POV-Ray, set it to display and
output an image in théga format, enter the following into the command line from the
ilabsun60 working directory;

lusr/local/povray3/x-povray +Ipolygon.pov +Opolyl.tga +W320

+H200 +D.

The +D option will display the image to your screen before saving it to polyl.tga as

output. The +H and +W define the height and width of the image respectively. Transfer
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the .tga file to a desired machine to view the image. For example, view the image on ub
via the command,

/usr/local/ssl/bin/xv polyl.tga

4.3  Anatomy of a POV-Ray .pov file

The following shows a sample .pov file with two leaves. The leaves are defined as two

triangle objects set together as to form a quadrilateral.
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#global_settings { assumed_gamma 2.2 }

#include "colors.inc"
#include "shapes.inc"

camera {
location <95, 700, -95>
right <4/3, 0, 0>
up <0, 1, 0>
sky <0, 1, 0>
angle 11
look at <-10, 125, 0>
}

light_source { <0, 600, 0> color White
}

background { color SkyBlue }

union

{

triangle {

< -1.57, 1.53, -2.18>,

< -2.46, 0.75, -2.47>,

< -1.80, 1.43, -4.44>

}

triangle {

< -1.80, 1.43, -4.44>,

< -0.76, 2.27, -2.71>,

< -1.57, 1.53, -2.18>

}

triangle {

< -45.39, 108.89, 0.46>,
< -4559, 108.57, 2.53>,
< -47.16, 105.44, 1.27>
}

triangle {

< -47.16, 105.44, 1.27>,
< -4590, 107.83, -1.30>,
< -4539, 108.89, 0.46>

}

pigment { colour Green }
finish { ambient .3 diffuse .6 }
rotate <0, 0, 0>

}

plane {vy, -1
pigment { color Red }

POV-Ray header required for every .pov fil

)

Libraries included for colors and triangles

Set the view point from where the canopy
will be seen

Describes the size and direction of the viey

v

Light source set to mimic the sun directly
overhead

Sets a background color

Describes the leaves as a union of triangle
objects

Describes the leaf color. Green is defined
the colors.inc file
The tree is not rotated.

Defines a ground plane for reference.

Fig 4.1 a .pov file that represents two leaves being rendered by POV-Ray




4.4  Application Canopy Visualization with Shading

The following example renders the leaf2180.x! leaf data file generated by ECOPHYS as a
POV-Ray image with accurate shading from the exact sun position on th¢uligd day

of the year at 12 noon. First the .xl file must be converted to a .pov file with the program,
“eco2pov.cc”, which reads in leaf2180.xl and writes the data to the file leaf2180.pov.

The header file includes the camera position and the position of the sun (light source),
which is copied from the ECOPHY'S source code and altered to match POV-Ray'’s

geometry.

Once the .pov file is written the only step left is to render it in POV-Ray. From the
ilabsun60 command line execute the following;

/usr/loca/povray3/x-povray +lleaf2180.pov +Oleaf2180.tga

+W320 +H200 +D +A

This will generate a .tga formatted image and display it to the screen while rendering.
The+A signifies that the highest resolution be used to render the best possible image for
the final output. This may add some time to the processing time, but the final image will

be of the highest quality.
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Campus Center 118 PC NT cluster

ECOPHY¢

.

leaf2180.xI

'

“eco2pov.cc

.

leaf2180.pov

’

POV-Ray

,

.tga output file

Linux/UNIX

ilabsun60 in the VDIL

Fig 4.2 This flow diagram shows the process and accompanied platforms to complete a
canopy rendering of ECOPHY'S output, leaf2180.xl, in POV-Ray

Fig 4.3 The leaf2180.tga image rendered by POV-Ray on year 2, julian day 180 at 12
noon with exact shading.
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5. Tecplot Animation

5.1 Process

Instead of viewing a static 3D object or 2D scatter plot, Tecplot gives us the ability to
view a picture over time. There are two methods of doing animations with Tecplot
described amternally or externally (corresponding to being in or out of the software’s

workspace environment). Both methods have advantages for portraying ECOPHYS data.

5.2 Internal Animation

Tecplot will animate data internally over fields or zones. Animation over zones requires
the user to create separate zones in a data file for input. For large-scale animations, this
can create individual data sets that can become quite unwieldy. One animation that
Tecplot handles internally and is relatively easy to perform is animating scatter plots over

time.

5.2.1 Application: A Tecplot Scatter Movie

As part of an evaluation of how the shading process modeled by ECOPHYS operates, it

is insightful to see an XY plot of the percent shaded of a leaf at time n and then view the
SHUFHQW VKDGHG IRU WLPH Q 2 DQG DV WKH SORWYV DV 2
gualitative idea as to how much time elapses before there is no relationship between leaf

shade areas. The animation will plot from a raw data set containing 60 columns or fields

for each of the leaves on an ECOPHYS tree in the middle of its second year of growth.

Each field represents the minutes in the time between 12 noon and 1 o’clock. A header is
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written to the top describing the field variables as times for presentation in the final
output. When the data are loaded into Tecplot, choose the 2D-frame mode from the side
bar and check the symbol box for data points (data points can also be sized and colored
for aesthetics). Then from tA®ols field on the menu bar, select thaimate button.

The animate Dialog box should appear with options to choose which fields the desired
animation will run over. The option is also here to save the animationmmgRaster
Metafile) or.avi (AVI video type) movie file extensions. AVI type are generally

preferable and more widely distributed over the web and across platforms. Sample
running movies on Tecplot with different parameters prior to saving to an animation.

The layouts for the animations can be saved as described previously in section 3.2.

Linux based version of the shading algorithm

ECOPHY¢

hour.dat
“header.cc Linux/UNIX; a quick C++ program that wrote the

: header variables for display
hour.dat
Tecplo SGI or ub, choose Animate from the Tools menu.
Define export settings including frame rate in
l Animate dialog box.

AVI output movie

Fig 5.2 This flow diagram shows the process and accompanied platforms to complete a
scatter movie on Tecplot using the internally defined animation feature.
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5.3  External Animation

To create an external movie from separate data files (to view animations from varying
geometries, such as growth) several steps are required. The first step is to generate a set
of related data files from ECOPHYS. Then they need to be transformed to sequenced
.dat files. A C++ or Fortran code that reads in multiple data files and writes them to
multiple data files in the Tecplot format is required for this. Next, for the necessity of
creating multiple TIFF images, .dat files need to be converted from ASCII to their binary
counterpart. For this, a shell script is needed to apply the Tecplot conversion program.
Preplot is used to convert each of the ASCII data files to binary data files with the .plt
extensions.

Shell scripts are a collection of operating system commands that are stored in a
file, and to be used as if they were typed onto the keyboard (Schotts, 2001). In our case,
the same command is desired multiple times with only a slight variation: the name of the
input and output files. Here, a “while” loop is run inside the shell script allowing the file
number to vary as Tecplot executes the command preparing .plt files for animation (See
the appendix for a sample shell script). From the command linesdypee
scriptname .scr to execute the conversion process.

Once the .plt files are generated, we can create a sequence of TIFF frames for
creating our movies. To do this, we need to run a Tecplot Macro file. Open one of the
.plt files in Tecplot and set a suitable layout to save and run in the macro file (be sure the
layout window size includes the largest of the renderings). Similar to scripts in format
and function, macros are used to run multiple Tecplot commands and generate

animations (Amtec 1999). Be sure the macro file is in the same directory as the .plt files
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and the layout you wish to run. The Macro file is run from inside the Tecplot
workspace. Select the file menu and chaasemacro to select which macro file to run.

The result should be a number of sequenced .tif images located in the same directory as
the macro file. Each of these images will be a frame in a movie to be generated by
another program (see Appendix A.1 for how to generate a movie file from a sequence of

images).

5.3.1 Applicatiort Animating Tree Growth

To animate tree growth over the course of a year, we first need to get ECOPHYS-
generated output files for each day over the course of that year (see Appendix A.2 for
generating multiple output files from ECOPHYS). Once that is finished, a C++ program
“eco2tecmov.cc” reads in each file and generates a .dat output file numbering the files for
the day and year. Tecplot does not process multiple .dat files in an efficient manner and
so as before a shell script “dat2plt.scr” is used to convert the .dat ASCII files to .plt

binary files that are also readable by Tecplot. Once the binary files have been generated,
open the Tecplot workspace and run the macro day.mcr from the file menu and the run
macro command. Tecplot will spend some time generating all the desired images and
exporting them as sequential TIFF images to a file. To generate a movie from the

sequenced images see Appendix A.1.
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Campus Center 118 PC NT cluster
ECOPHY¢
leaf##.xl
“eco2tecmov. Linu?</UNIX;_a C++ program that re_ads in _
multiple .xl files and generates multiple .dat files
l for Tecplot input
leaf##.dat
“dat2oltscr SGI or ub; a shell script that converts .dat files to
atzpit.scr plt files that the Tecplot macro will accept
leaf##.plt

,

SGl or ub, open dat2plt.mcr from the open

“dat2plt.mcr’ macro menu within Tecplot. Outputs a sequence
of TIFF images that can be used to generate a
l movie.
leaf##.tif

Fig 5.2 This flow diagram shows the process and accompanied platforms to complete a
Tree growth movie over the course of one or more years.

6. POV-Ray Animation

6.1 Process
Animations in POV-Ray employ the use of a clock variable that allows for the variation
of certain parameters while holding a geometry fixed. The parameters can include the

position of objects including the camera or light source. This allows one to render a fixed
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tree over the course of a day, while allowing a light source to trace the sun’s path
showing the tree canopy in real life shading over time. To animate POV-Ray in this
method aini file needs to be created which sets the number of frames and initializes the
clock variable. To run an animation with a .ini file the following command must be
executed on the ilabsun60:

/usr/local/povray3/x-povray anim.ini +lanim.pov +Oframe.tga

+W(set width) +H(set height) +D

The anim.ini and anim.pov are the names of the initialization file and POV-Ray data file
respectively. Set the width and height to desired settings and keep in mind that the larger
the image the longer the run time. The output generated will be in the .tga format with
the names frame#.tga, ( # indicating the frame number). These frames can be transferred

to other machines for creating movies as described in Appendix A.1.

POV-Ray also allows the use of scripts to generate animations with varying geometries.
The clock variable can be utilized, or the desired parameters can be encoded internally to
the .pov-input files. For the latter, a C++ or Fortran code can be designed to read in the
sequenced data sets and convert each to a .pov data file. Then the files are transferred
(using themget command from ftp) to ilabsun60 for rendering through POV-Ray. A

shell script is used to open POV-Ray, read a data set and write its respective .tga image
file. The image files are then transferred to a machine whermggemovie file can be
generated. The entire CPU time depends on the number of frames and the size of each

image and can take anywhere from 30 minutes to an hour.
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One of the benefits of POV-Ray, in the context of ECOPHYS, is the exact shading
feature that comes from the ray-tracing component of the software. This can be utilized
to create a sequence of images over the course of a day that describes the inter-leaf
shading on the canopy as the sun rises, travels through the sky and then sets. The
following example mimics this process using POV-Ray’s clock variable to arc the light

source around the tree as if it were the sun traveling through its daily routine.

6.2  Application Shading a Tree over the Course of a Day

The first step in the process of making such an animation is deciding how many frames
are desired. This is determined based on several variables: how long the movie will be,
how many hours of daylight the tree is subjected to, and how smooth the desired
animation is to be. For our purposes we desire 540 frames. That is one frame every two
minutes on the 18bjulian day of the second growing season (our standard example)

from 4 o’clock in the morning until 10 o’clock in the evening. This generates a clean 18

second mpeg with a rate of 30 frames per second.

Before beginning, the required .pov files need to be generated. The program
eco2povmov.cc reads in the leaf2180.xl file and generates 540 files that are acceptable to
POV-Ray entitled shademov#.pov, where # is the associated 3 digit frame number. After
the files are generated, they are transferred to ilabsun60 to be rendered. This is done

using theftp —i  command, followed by executimgput shademov*.pov which
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will send all the necessary .pov files from your directory to the ilabsun60 so that they can

be rendered.

After all the .pov files are in position they are ready to be rendered. To render multiple
images using POV-Ray a shell script “pov2tga.scr” is required. As in Tecplot, a shell
script allows us to execute multiple commands through a loop with the operating system.
In this case 540 POV-Ray images are created with one run through the shell script. The
result is 540 sequenced .tga images that can be used to generate an .mpg file for

displaying movies over the web or elsewhere (see Appendix A.1).

Due to the large number of files being processed, transferred and rendered to images, the
total time to generate the sequence is substantial. The following table is the timing
measured by generating the above sequence of frames, 320 pixels wide by 320 pixels

high with the high resolution imaging commapad\ ).

Time to generate .pov files 6 min 55 sec
Time to transfer to .pov files to ilabsun60 7 min 35 sec
Time for POV-Ray to generate sequence of images 1 hour 10 min 3 sec

Total Time 1 hour 24 min 33 sec
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Campus Center 118 PC NT cluster

ECOPHY¢

.

leaf2180.xI

'

“eco2povmov.cc

.

shademov#.pov

’

“pov2tga.scr

,

shademov#.tga 540 .tga files sequenced by frame number to be
used to generate mpeg movie file

Linux/UNIX; a C++ program that reads in a
ECOPHYS output file and writes 540 .pov files

shell script run on ilabsun60 to generate 540
sequential .tga files from the .pov files

Fig 6.1 This flow diagram shows the process and accompanied platforms to create a
sequence of .tga images from POV-Ray for creating a shading animation over the course
of a single day. # represents the frame number of the sequenced image.
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Fig 6.2 3 Pictures from a POV-Ray image sequence generated over day 180 at 10:00
a.m., 12:00 p.m. and 4:00 p.m..

7. _Summary
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Scientific visualization is a broad area and, as the name implies, touches on a wide

variety of disciplines. Probably no single application is capable of meeting all the needs

of a project with the scope of ECOPHYS. However, a utility belt approach of using

several packages should meet most of the needs concerning 3D imaging of data from the

simulation. The three packages here were chosen for a number of reasons:

X

Accessibility - All of the packages here are widely available and can be implemented
on multiple platforms. This makes them ideal for interdisciplinary collaboration and
internet distribution.

Affordability-Of the packages listed here, only Tecplot requires a site license for the
University. POV-Ray was installed at no cost with the aid of the VDIL. VRML was
installed by myself on a number of machines.

Resources -Large quantities of online tutorials were available for all three graphics
devices with a minimum of browsing on the web. Text resources for POV-Ray and
VRML seemed nearly unlimited.

Compatibility-All three utilities generated outputs that were easily portable to display
on the World Wide Web. Tecplot and POV-Ray had easily accessible output that was
readable by standard illustration and word processing software across many common
platforms.

Animation -Though not demonstrated here for VRML, each software has the ability

to create animations either internally or through the use of shell scripts.

Quiality-All of the images rendered were of publication quality, leaving no doubt as to

what was being rendered.
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The software in this experiment was very good overall. A few criticisms | would have

include:

x VRML, while rendering great images, is not very applicable outside the realm of 3D
tree architecture visualization in the context of the ECOPHYS model.

x POV-Ray is rather clumsy to operate. It is without even basic interactions between
the rendered image and the user. Nonetheless, the spectacular images more than

make up for the time spent bogged down in the process...for now.

This project was designed as a tool to be employed for future research in the areas of
ECOPHYS and /or 3D imaging. The three software packages reviewed here have been
shown to have practical applications in the realm of scientific visualization. Hopefully,
future development of these packages will continue and their innovations will continue to

simplify the 3D visualization process.

VRML Tecplot POV-Ray
Platforms All (via WWW) x-Applications-ub | Sun-ilabsun60
or SGI
Input Format wrl .dat or .plt .pov
Animation Output none .rm or .avi none*
3D object interaction | fluid orientation of | orient objects, colof none
3D objects contouring,
sequenced
animations
Quality no interleaf-shading| no inter-leaf accurate inter-lea
shading shading
Image Output screen dump .ps or .tif tga
Data Analysis Utilities| none numerous none

* POV-Ray can be used to generate sequenced images for animations through shell
scripts only
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Recommendations for Future Work:

X

Use visualization techniques (especially POV-Ray) for studying inter-tree shading
and in particular the effects of stand density.

Use visualization methods for examining the accuracy of ECOPHYS inter-leaf
shading algorithms.

Use visualization techniques to explore the diffuse shading component of the
ECOPHYS model.

Install PVM-POV-Ray for use on the Beowulf cluster computer or use multi-
processor shell scripts on the cluster to decrease image-processing time for large
animation images.

Install a common file server in the digital imaging lab to speed the process in working
across platforms.

Install image file conversion software such as xv on the machines of the VDIL
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A Table of File Extensions and their Uses

.avi
.ccl.cpp
.exe
.dat

.ini

.mcCr

-mpg
plt
.pov
.ps
.rm
.scr
tga
tiff
wrl

Xl

AVI file for exporting movies made in Tecplot

C++ code for altering input data

ECOPHY executable files

ASCII data file acceptable to Tecplot

initialization file to define variable for use in POV-Ray images and animations
Tecplot layout file describes how raw data set should be viewed to screen

MACRO file for use in generating multiple image frames from .plt Tecplot data files for
use in animation
Mpeg movies

binary data files acceptable as input for Tecplot

POV-Ray files

Post Script, files acceptable to most printers

Raster Metafile for exporting movies made in Tecplot

script file used with POV-Ray and Tecplot to generate multiple frames for animations
TGA images generated from POV-Ray

TIFF images generated from Tecplot

describes a VRML world

ECOPHYS canopy output files
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Appendix

A.1l  Generate MPEGS

To convert sequenced image frames of both the .tiff and .tga type, a program entitled
Video Mach 2.4 and it's associated viewer can be downloaded to PC class computers

from www.download.com A quick search for mpeg generators brings multiple options

for such software. This one was chosen by it's customer satisfaction rating. The
software allows for the input of many image types and will output movies to a variety of
video types. Under the file menu choopenand select all the images (frames) for the
desired movie. Go back to the menu buttonseidct framerate to choose the desired
number of frames per second. This will determine the length of the movie. 30 frames
per second is the default and appears to be the standard in making a smooth movie
(without any jumps). However, the overall length of the movie must also be taken into
consideration when choosing the frame rate. Also under the file menulisfitne

output selection. This allows for the creation of .mpg files (Moving Picture Experts
Group) which greatly reduce the size of the images and is executable on multiple
platforms. Mpeg'’s are ideal for distribution over the web or for power point
presentations. This software can also be used to convert the .avi sequences generated

internally from Tecplot to .mpg movies for the same reasons.

A.2 ECOPHYS

In order to retrieve canopy and leaf shading information from ECOPHYS a few

alterations had to be made to the code. The code then had to be compiled and finally the
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program needed to be run and instructed to write the desired canopy information. The

following is a detailed description on how to complete this process.

l. Alter the Code

The current development platform for ECOPHYS is MS Visual C++ 6.0. One first needs
to have the ECOPHYS source code and the associated libraries installed on your
machine. ECOPHYS currently runs on platforms running Microsoft Windows NT only.

Go to http://www.d.umn.edu/~wzhao/ and follow the directions for installing the most
current version of ECOPHYS on your computer. Open the directory containing the
source codeWineco32_sourcgand you will see a selection of the servers that make up

the ECOPHYS program. Open the desired server directory and the desired .cpp source or
.hpp header file that you want to alter using Microsoft Visual C++. When you have

completed your changes be sure to save your file.

T T ST

Fig A2.1-A screenshot of the ECOPHYS source directory
and the branch_wimovac server
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I. Compile the Code

To compile ECOPHYS open Visual C++, under filee menu select the open workspace

command and select the folder under which alterations to ECOPHYS have been made.
In this folder exists a .dsw file with the corresponding server name in front. Open this
workspace. Under tHauild menu select build atb compile and link the changes and
supporting files. At this point you will find out if you have received any errors and need

to go back to alter the code again. When no errors are reported the code is compiled and
linked and you may exit Microsoft Developer Studio. When compiling the code, Visual
C++ created a debug folder in the server you altered that contains an updated version of
the.exefile that the main program calls to run the associated functions. There then exists
an updated version of the server you altered in that server’s directory. For ECOPHYS to
use your changes it requires the new server to be in the executing directory. This is done
by a simple copy and paste command. Copyekefile and paste into the directory
containing the Wineco32.exe executable file. Windows NT will prompt you to ask if you
want to overwrite the old version of ttexefile. Click yes and you have completed your

changes to the code.
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Fig A2.2- Copy theexefile and paste into the directory

containing the Wineco32.exe executable file.

M. Running ECOPHYS
In order to get the desired output from ECOPHYS you need to be able to run the code.
First, you need to set the desired input and output files. In the ECOPHYS executable
Wineco32_exalirectory open the folder label@diles and choose from the following
input parameters depending on your experiment.

A. Set the Input Parameters

1. Environmental Data : infiles : environ.dat

Write the weather and site files you want to use for your experiment.

Close and save the eviron.dat file.
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FigA.2.3-Set the input parameters

2. Genetic Data (Clonal File) . start.up
The first line contains a .clf file. Replace with the desired file from the

clonal library files. Close and save start.up.

| e [T wanp - B
FigA.2.4-Insert the desired clonal library files
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3. Number of Machines (1-4) . infiles : netcnfg.ini
Since ECOPHYS is designed to allow runs on multiple machines you need
to tell the program which machine(s) you will be running on (even if you
are only running on a single machine). To check the name of your
machine do the following;
Click Start : &OLFN 6HW Wk Qohwol:P&él. 'RXEOH FOLFN
Network.

You can find the name of your machine under Identification Tab.

3 Vuicunn | somoe | Pasorst | ddiim | Brden|

| BE

mumu-up-p_-'umui-

;
e T

CE=]

e | gommires | 543 v

FigA.2.5-Checking the name of the machine
Next, set the number of machines you want to use on the first line of the
netcnfg.ini file. If you are running on a network, ECOPHYS needs to be
installed on each machine you will be using. Add the names of all the
machines on which you will be running the program (one on each line).
Semicolons in front of a line mark that line to be commented out and not
read by ECOPHYS. Close and save the netcnfg.ini file.
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NOTE: Previous experiments have determined that one to four
machines is the ideal configuration for running ECOPHYS and no
significant improvement in performance is seen on five or more machines

(Wu G., 1999).

2] CRCA T

=R

|5 sk o - st o T

FigA.2.6-Setup the network configuration

Set the Output Parameters

Getting Canopy Data: infiles : override.dat

Set the number of days you want ECOPHYS to run by removing the
semicolon from a predefined run or entering your own run as described in
the header of the file. Also, set the day and hour for which you want
ECOPHYS to write out the canopy data. For second or third year canopy
information, input the julian day of the year the same as you would for

first year tree growth. As the program passes the date on successive years
it writes over the old data and stores the new canopy information in the

same file. Once ECOPHYS has passed the desired canopy day you may
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stop and quit the program. The desired file will be located iepie
subfolder of theWineco32_exdolder in the file entitled leaf(HR).xl,
where HR stands for the hour the canopy file was written. The canopy file

will be overwritten with each subsequent run.
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FigA.2.7-Setting the output parameters

IV.  Altering ECOPHYS Output

Retrieving data sets in the proper format is an important component of using all three
visualization methods presented here. In order to process multiple data files necessary
changes were made in the way ECOPHYS exports canopy information. For reading data
into format conversion codes written in C++ or Fortran, file headers and delimiters such
as commas were removed and white space was added between successive data points.
For creating tree growth and shading animations, multiple data files were needed.
ECOPHYS was altered to write multiple data files for each hour over the course of a
chosen day or each day over a specific year. A detailed description on how to

accomplish this follows.



A. Remove delimiters and undo the rotation of the tree.

ECOPHYS currently prints canopy information for a tree rotated so that the z — axis is
parallel to the sunlight vector. This is undone by commenting out the rotation
computation in th&ranchReportR  function located in thbranchl.cppfile of the
bra_wimovac server in th&Vineco32_sourcealirectory. Assign the associates x, y and z
vertex arrays (callegx[], py[] , andpz[] respectively) to the x, y and z variables

that stand for the location of each vertex in our unrotated geometry.

Old Code

px[i] = m->elements[0][0]*x + m->elements[0][1]*y + m-
>elements[0][2]*z;

py[i] = m->elements[1][0]*x + m->elements[1][1]*y + m-
>elements[1][2]*z;

pz[i] = m->elements[2][0]*x + m->elements[2][1]*y + m-
>elements[2][2]*z;

Updated Code

px[i] = x;
py[il =y;
pz[i] = z;

Figure A2.8— Changes made in ti&branchl::BranchReportR function in the
Wineco32_source/ bra_wimovac/ brachl.cpp source code file.

A fprintf() command is located in the same function and was altered to remove the
commas that separated the data points and replace them with tabs in order to space the

points for C++/Fortran 10 file manipulation.

B. Write Multiple Output Files
The next step is to alter ECOPHYS to write the data for sequential times, either hourly or

daily. To do this an understanding of how the program selects which day and hour to
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print is needed. The weather report tells ECOPHYS what time itis. This information is
read and stored in tt® WEATHOURIata structure which is sent to a function

Tree::pga , which is called by the program each hour. That information is then
compared to the day and hour read in fromoWerride.dat file (see Ml section 3

subsection b). In order to get the desired output files, comment out the selection structure
associated with the data you want. That is if you want daily data over an entire year,
comment out the if statement corresponding to day selection. Figure A2.9 shows the

corresponding function and alterations.

void TREE::pga(S_WEATHHOUR *w, class cMatrix *m, int day, int hour)
{

Ibranch1Report *BB;

Matrix3x3 matrix;

B->SetEnvironment(w);
B->Pga(&Daily _pga, &Grand_tot_pga, &Current_pga);

/l edited 08-06-01 ***Beware commenting out both if statements will
give you a data set every

hour of every day***

/lif((day != 0) && ((*w).day == day)) /lcommenting out this writes a data
set every day at a given hour
1K
if((hour == 0) || ((*w).hour == hour))//commenting out this writes data
every hour over a day

{

for(inti=0; 1< 3; i++)
for(intj = 0; j < 3; j++) matrix.elementsJi][j] = m-
>elementsli][j];

if(FAILED(B->Queryinterface(IID_Ibranch1Report, (void**)
&BB)))

AfxMessageBox(_T("Error in Querylnterface branch report!"));

BB->BranchReport(&matrix);

BB->Release();
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I}
}

Figure A2.9— TheTREE::pga function located in
Wineco32_source\Wineco32\tree.cpp appended to drop sets of data sets

Finally, ECOPHYS will drop canopy information tdemaf#.xl file with # representing the

hour of leaf drop. However, no information can be discerned about the day or year of the
canopy file. It was left to the user to make the desired changes in the ECOPHYS code as
to how the data files would be entitled depending on the desired output. For shading
calculations over the course of a day desired output is written in thedaf#.#.x|

where the first # stands for the year of growth, the second is the three digit julian day and
the final # is the two digit hour in which the canopy information was written. For tree
growth information over the course of a year or several years, the hour extension is
dropped and the desired day and year are still printed. Figure A2.10 shows in detail the
changes made to ti@branchl::BranchReport function in thebranchl.cpp

source code file.

STDMETHODIMP Cbranchl::BranchReport(Matrix3x3 *m)
{

char fname[100];

char charhour[10];

char charday[10];

char charyear[10];

int myyear,

myyear = CurrentEnvironment.year - 1997;//change 1997
depending on

weather file

/I edit name of leaf output file for hour, day or year

/lcurrently outputs leafyddd.hr.xl

strcpy(fname, Coefficients.outdir);

strcat(fname, "leaf");

strcat(fname, itoa(myyear, charyear, 10)); // file
name includes year strcat(fname,
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itoa(CurrentEnvironment.day, charday,10));//file name

includes day

strcat(fname, ".");

if ( CurrentEnvironment.hour < 10) strcat(fname,
"0");/linsert zero in

tens place
strcat(fname, itoa(CurrentEnvironment.hour,
charhour,10));//file name

includes hour
strcat(fname, ".xI");
reportfp = fopen(fname, "w");
if(reportfp!= NULL)
BranchReportR(m);
fclose( reportfp );

return S_OK;
}

Figure A2.10- a copy of th&€branchl::BranchReport function in the
Wineco32_source/ bra_wimovac/ brachl.cpp source code file showing alterations to
sequential output data files.

A.3 Code
l. Code for Generating .wrl files

/leco2wrl.cpp - reads ecophys output and writes canopy
/lto a *.wrl file to be rendered by a VRML browser.
#include <fstream.h>

#include "eco2tec.h"//defines leaf data set as written by
ECOPHYS

main()

{

int leafNum = -1;
int total = O;
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float color = 1.0;
struct leafshadedata * Isd = new struct leafshadedata
[4000];

inti, k;
/lread input file

ifstream in("leaf2180.xI");
if (!in){ cout << "cant open inpt file...\n";
return 1;
}
while (in){
leafNum-++;
in >> |sd[leafNum].xx;
in >> Isd[leafNum].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum)].vertices[i].x;
in >> Isd[leafNum].vertices]i].y;
in >> |sd[leafNum].verticesi].z;

}
Isd[leafNum].Lpi = 1;
}
total = leafNum,;
in.close();
cout << "got canopy...no. of leaves =" << total <<" \n";

/lprint to *.wrl file

int pointtot = 4* total;

ofstream out;

out.open("leaf2180.wrl");

if (lout){ cout << " output file did not open proper\n“;
return 1;}

/lprint header here
out << "#VRML V2.0 utf8\n";
out << "\n";
out << "Transform{\n";
out << "translation 0 0 O\n";
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out << "rotation 0 0 0 O\n";

out << "children[\n";

out << "Shape{\n";

out << "appearance Appearance{\n";
out << "material Material{\n";

out << "diffuseColor 0 0.9 O\n";

out << "emissiveColor 0 0.2 O\n";
out << "An";

out << "Hn";

//output point set data
out << "geometry IndexedFaceSet{\n";
out << "coord Coordinate{ point[\n";

for (i=0; i < total; i++){
for (k=0; k < 4; k++){

out << Isd[i].vertices[k].x << "\t";//notice order (X,

z, y)l
out << Isd[i].vertices[k].z << "\t";
out << Isd[i].vertices[k].y << "\n";
}
}

out << "J\n";

/lindex for points
out << "coordIndex [\n";

for (i=0; i < total; i++){
k = 4%;
out << k++ <<" "
<< k++ <<" "
<< k++ << "
<< K+ <<
out << "-1\n";
}

Il close shape, children and transform
out << "\nsolid FALSE\nj\nj\n]\n}";
out.close();

return O;

}
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Il. Code for generating branch data from ECOPHYS leaf data

/liv2brnch.cpp - reads ecophys output and writes a brnch*.xl
file

/ for rendering branch data
#include <fstream.h>

#include <math.h>
#include "eco2tec.h"

main()

{
int leafNum = -1;
int total = 0;
int branch =0;

struct leafshadedata * Isd = new struct leafshadedata
[4000];
inti, k;

/lread input file

ifstream in("leaf2180.xI");
if (lin){ cout << "cant open inpt file...\n";
return 1;
}
while (in){
leafNum++;
in >> |sd[leafNum].xx;
in >> |sd[leafNum)].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum].vertices]i].x;
in >> Isd[leafNum].vertices]i].y;
in >> |sd[leafNum].verticesi].z;

}
Isd[leafNum].Lpi = O;

total = leafNum;
in.close();
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cout << "got canopy...no. of leaves =" << total <<" \n";

/lprint to brnch*.xl file
/lbranches are distinguished with a branch no.
ofstream out;
out.open("test.xI");
if (lout){cout << "output file did not open proper\n®;
return 1;}

out << Isd[0].xx <<"\t";

out << Isd[0].yy <<"\t";

out << |sd[0].zz <<"\t";

out << Isd[0].originalLeafArea <<"\t";
out << |sd[0].LCP.x <<"\t";

out << |sd[0].LCP.y <<"\t";

out << Isd[0].LCP.z <<"\t";

out << Isd[0].vertices[0].x <<"\t";

out << Isd[0].vertices[0].y <<"\t";

out << Isd[0].vertices[0].z <<"\t";

out << Isd[0].vertices[1].x <<"\t";

out << Isd[0].vertices[1].y <<"\t";

out << Isd[0].vertices[1].z <<"\t";

out << Isd[0].vertices[2].x <<"\t";

out << Isd[0].vertices[2].y <<"\t";

out << Isd[0].vertices[2].z <<"\t";

out << Isd[0].vertices[3].x <<"\t";

out << Isd[0].vertices[3].y <<"\t";

out << Isd[0].vertices[3].z <<"\t";

out << |sd[0].Lpi <<"\n";//var. represents branch no.

for (i=1;i < total; i++){
//calc dist between successive points
float dx = Isd[i].LCP.x - Isd[i-1].LCP.x;
float dy = Isd[i].LCP.y - Isd[i-1].LCP.y;
float dz = Isd[i].LCP.z - Isd[i-1].LCP.z;
float dd = dx*dx + dy*dy + dz*dz;
float dist = sqrt(dd);

if (dist >= 14) {
branch++; // toggle branch number

Isd[i].Lpi = branch;

out << Isd[i].xx <<"\t";
out << Isd[i].yy <<"\t";
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out << Isd[i].zz <<"\t";

out << Isd[i].originalLeafArea <<"\t";

out << Isd[i].LCP.x <<"\t";

out << Isd[i].LCP.y <<"\t";

out << Isd[i].LCP.z <<"\t";

for (k =0; k< 4; k++) {
out << Isd[i].vertices[k].x <<"\t";
out << Isd[i].vertices[k].y <<"\t";
out << Isd[i].vertices[k].z <<"\t";

}

out << Isd[i].Lpi <<"\n";

}

out.close();

return O;

}

[1I. Code for generating leaf cluster image on VRML

/lbrnch2wrl.cpp - converts branch data to *.wrl file to be
/lrendered by VRML color coding the branches.
#include <fstream.h>

#include "eco2tec.h”

main()

{
int leafNum = -1;
int total = 0;

struct leafshadedata * Isd = new struct leafshadedata
[4000];

inti, k;

int leaf = 0;

int leafstart = 0;

int coord = 0;

int branch = 0;

/linitialize array for staggered colors
float color[5][3];

[/fill with RGB color values
/Il green
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color[0][0] = 0.0;
color[0][1] = 1.0;
color[0][2] = 0.0;

Ilwhite

color[1][0] = 1.0;
color[1][1] = 1.0;
color[1][2] = 1.0;

/lred

color[2][0] = 1.0;
color[2][1] = 0.0;
color[2][2] = 0.0;

/Iblue

color[3][0] = 0.0;
color[3][1] = 0.0;
color[3][2] = 1.0;

Ilyellow

color[4][0] = 1.0;
color[4][1] = 1.0;
color[4][2] = 0.0;

/lread input file

ifstream in("brnch2180.xI");
if (lin){ cout << "cant open inpt file...\n";
return 1,

}
while (in){
leafNum-++;
in >> |sd[leafNum].xx;
in >> |sd[leafNum].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum].vertices]i].x;
in >> |sd[leafNum].verticesi].y;
in >> |sd[leafNum].verticesi].z;
}
in >> |sd[leafNum].Lpi;

}

total = leafNum;
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in.close();
cout << "got canopy...no. of leaves =" << total <<" \n";

/lprint to *.wrl file

int pointtot = 4* total;

ofstream out;

out.open("brnch2180.wrl");

if (lout){ cout << " output file did not open proper\n“;
return 1;}

IINRML header necessay on all *.wrl files
out << "#VRML V2.0 utf8\n";

/lprint header here
while (leaf < total)
{
out << "\n";
out << "Transform{\n";
out << "translation 0 0 O\n";
out << "rotation 0 0 0 O\n";
out << "children[\n";
out << "Shape{\n";
out << "appearance Appearance{\n";
out << "material Material{\n";
out << "diffuseColor ";
out << color[branch%5][0] <<" "; //choose which
color; mod(5)
out << color[branch%5][1] <<" *;
out << color[branch%5][2] <<"\n";
out << "emissiveColor 0 0.2 O\n";
out << "An";
out << "HAn";
out << "geometry IndexedFaceSet{\n";
out << "coord Coordinate{ point[\n";

/loutput point set dat
for (k=0; k < 4; k++){
out << |sd[leaf].vertices[Kk].x <<
"\t";//notice order (x, z, y)!!!
out << Isd[leaf].vertices[k].z << "\t";
out << Isd[leaf].vertices[k].y << "\n";

leaf++;
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while ( Isd[leaf].Lpi == Isd[leaf -1].Lpi)//verify
leaves are on same branch

{

if (leaf == total) break;

for (k=0; k < 4; k++){
out << Isd[leaf].vertices[k].x << "\t";
out << Isd[leaf].vertices[k].z << "\t";
out << Isd[leaf].vertices[k].y << "\n";

}
leaf++;
}
out << "JN\ncoordIndex [\n";
for(i =0; i < (leaf - leafstart); i++)
{
/lindex for points
k = 4%,
out << k++ <<" "
<< k++ <<" "
<< k+H+ <<
<< K+ << ™
out << "-1\n";
}
leafstart = leaf;
branch++;
/Iclose branch object here
out << "J\nsolid FALSE\nj\n\n]\n}\n";
out.close();
return O;

}

V. Code for generating Tecplot data output

/lconvert ecophy output leaf*.xl| to tecplot

//3D canopy info leaf*.dat

#include <fstream.h>

#include "eco2tec.h" //defines the ECOPHYS leafshadedata
data structure

main()
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{

int leafNum = -1;

int total = 0O;

float color;

struct leafshadedata * Isd = new struct leafshadedata
[4000];

inti, k;

float smax =0.0;

/lread input file
for (i =1;i<=20 ; i++);

ifstream in("leaf133.xI");
if (!in){ cout << "cant open inpt file...\n";
return 1,

}
while (in){
leafNum-++;
in >> |sd[leafNum].xx;
in >> |sd[leafNum)].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum)].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum].vertices]i].x;
in >> |sd[leafNum].vertices[i].y;
in >> |sd[leafNum].vertices]i].z;

}
Isd[leafNum].Lpi = 1;
total = leafNum,;
in.close();
cout << "got canopy...no. of leaves =" << total <<" \n";
/lprint to *.dat file
int pointtot = 4* total;
ofstream out;
out.open("leaf1133.dat");

if (lout){ cout << " output file did not open proper\n“;
return 1;}

/lprint header here
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out << "TITLE =\"Ecophys tree\"\n";

out << "VARIABLES = \"X\", \"Y\", \"C\"\n";

out << "ZONE T=\"CANOPY\" N=" << pointtot;
out << " E=" << total;

out << " FEPOINT, ET=QUADRALTERAL\n";

/loutput point set data
for (i=0; i < total; i++){
for (k=0; k < 4; k++){
out << Isd[i].vertices[k].x << "\t";
out << Isd[i].vertices[k].y << "\t";
out << Isd[i].vertices[k].z << "\t";
out << color << "\n";
}
}

/lindex for points

for (i=0; i < total; i++){
k = 4%;
out << ++k <<"\t":
out << ++k <<"\t'";
out << ++k <<"\t'";
out << ++k <<"\n";

}

out.close();

return O;

}

V. Code for generating POV-Ray input data

/[lconvert ecophy output leaf*.xl to POV-Ray
/3D canopy info leaf*.pov

#include <fstream.h>

#include "eco2tec.h”

main()
{

int leafNum = -1;

int total = 0;

float color;

struct leafshadedata * Isd = new struct leafshadedata
[4000];
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inti, k;
float smax =0.0;

/lread input file
for (i =1;i<=20 ; i++);

ifstream in("leaf2180.xI");
if (!in){ cout << "cant open inpt file...\n";
return 1,
}
while (in){
leafNum++;
in >> |sd[leafNum].xx;
in >> Isd[leafNum].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum].vertices]i].x;
in >> |sd[leafNum)].verticesi].y;
in >> |sd[leafNum].vertices[i].z;

}
Isd[leafNum].Lpi = 1;
total = leafNum,;
in.close();
cout << "got canopy...no. of leaves =" << total <<" \n";
/lprint to *.pov file
ofstream out;
out.open("leaf2180.pov");

if (lout){ cout << " output file did not open proper\n";
return 1;}

/lprint header here
out << "union \n {\n";

/loutput triangle objects...2 triangles define one leaf
for (i=0; i < total; i++){

out << "triangle {\n";
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out << "\t< " << Isd[i].vertices[0].x << ", *;
out << Isd[i].vertices[0].z << ", ";
out << Isd[i].vertices[0].y << " >\n";

out << "\t< " << Isd[i].vertices[1].x << ", ";
out << Isd[i].vertices[1].z << ", ";
out << Isd[i].vertices[1].y << " >\n";

out << "\t< " << Isd[i].vertices[2].x << ", ";
out << Isd[i].vertices[2].z << ", ";

out << Isd[i].vertices[2].y << " >\n";

out << "A\n";

out << "triangle {\n";

out << "\t< " << Isd[i].vertices[2].x << ", ";
out << Isd[i].vertices[2].z << ", ";

out << Isd[i].vertices[2].y << " >\n";

out << "\t< " << Isd[i].vertices[3].x << ", ";
out << Isd[i].vertices[3].z << ", ";

out << Isd[i].vertices[3].y << " >\n";

out << "\t< " << Isd[i].vertices[0].x << ", ";
out << Isd[i].vertices[0].z << ", ";

out << Isd[i].vertices[0].y << " >\n";
out << "HAn";

out.close();

return O;

}

VI. Code for generating a header file for scatter plot animation

/[create a quick header for scatter movie
#include <iostream.h>

main(){
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int hour = 12;
int min = 0;

cout << "VARIABLES =";
for (min=0; min < 60 ; min++){

cout << "\"t=" << hour <<":";
if (min < 10) cout << "0";
cout << min <<"\", "

}

cout << "\"t=1:00\"";

return O;

}

VII. A shell script for generating .plt Tecplot binary files

#!/bin/csh

# converts tecplot data*.dat files to data*.plt files

#

# BEWARE OF CHANGING WHITE SPACES IN THIS FILE!!
set maxfiles=5

set index=1
while ($index <= $maxfiles)
echo "-----------mmemmmee > Converting Frame $index"

firis/local/tecplot751/bin/preplot data$index
@ index = $index + 1
end

VIII. A code used for generating sequenced POV-Ray files for Animation

/[lconvert ecophy output leaf*.xl to POV-Ray
//3D canopy info leaf*.pov

#include <fstream.h>

#include "eco2tec.h”

#include <string.h>

#include <stdlib.h>

#include <iostream.h>

#include<math.h>

main()
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{

int leafNum = -1;

int total = 0;
struct leafshadedata * Isd = new struct leafshadedata
[4000];

int nframes = 540;

int nleaves = 1427;

float colorp [nframes][nleaves];
inti;

float smax =0.0;

/lread leaf canopy input file

ifstream in("leaf2180.xI");
if (1in){ cout << "cant open inpt file...\n";
return 1;

}
while (in){
leafNum++;
in >> |sd[leafNum].xx;
in >> Isd[leafNum].yy;
in >> |sd[leafNum].zz;
in >> |sd[leafNum)].originalLeafArea;
in >> |sd[leafNum].LCP.x;
in >> |sd[leafNum].LCP.y;
in >> |sd[leafNum].LCP.z;
for (i=0; i<4; i++){
in >> |sd[leafNum].vertices[i].x;
in >> Isd[leafNum].vertices]i].y;
in >> |sd[leafNum].vertices]i].z;

Isd[leafNum].Lpi = 1;

total = leafNum:;

in.close();

cout << "got canopy...no. of leaves =" << total <<" \n";
cout << "A-";

/lprint to multiple *.pov files
for (int file = 1; file <= nframes; file++){
int hundred,
/[creat output file names
hundred = file/100;
char outfilename[12];
outfilename = "shademov000.pov"; //set basic file name
structure
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outfilename[4] = hundred + '0'; /loverwrite
hundreds digit

outfilename[5] = (file-100*hundred)/10 + '0’;
/loverwrite 10's digit

outfilename[6] = (file -100*hundred) % 10 + '0";
/loverwrite ones digit

ofstream out(outfilename);
if (lout){ cout << " output file did not open
proper\n;
return 1;}

/lprint header here

out << "#global_settings { assumed_gamma 2.2}\n\n";

out << "#include \"colors.inc\"\n";

out << "#include \"shapes.inc\"\n\n";

out << "camera {\n";

out << "\tlocation <-450, 150, 750>\n";

out << "\tright <1, 0, 0>\n";

out << "\tup <0, 1, 0>\n";

out << "\tsky <0, 1, 0>\n";

out << "\tangle 12\n";

out << "\tlook_at <0, 80, 0>\n}\n\n";

out << "#declare numFrames =" << nframes << ";\n";

out << "#declare myClock = clock/numFrames;\n";

out << "#declare Start = 4;\t//sunrise\n";

out << "#declare End = 22;\t//sunset\n”;

out << "#declare JHour = Start+(End-Start)*(1-myClock)-
.01;\n";

out << "#declare JDay = 180.;\n";

out << "#declare Latitude= 45.;\n";

out << "#declare Tau = (pi/180.)*(-
23.4*cos(2.*pi*(JDay+10.)/365.));\n";

out << "#declare Beta = asin(
sin(Latitude)*sin(Tau)+cos(Latitude)*cos(Tau)*cos(2.*pi*(JHo
ur+12)/24.));\n";

out << "#declare SolarAlt = (180./pi)*Beta;\n";

out << "#declare SolarAzim = (180./pi)*acos((sin(Tau)-
sin(Beta)*sin(Latitude))/(cos(Beta)*cos(Latitude)));\n";

out << "#if (JHour > 12.0)\n";

out << "#declare SolarAzim = 360.-SolarAzim;\n";

out << "#end\n\n";

out << "light_source { <0, 1000, 0> color White \n";

out << "\trotate <-(90-SolarAlt), 0, 0>\n";

out << "\trotate <0, -SolarAzim, 0>}\n\n";

out << "light_source {\n";
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out << "\t<0, 1000, 0> \n color Gray75 shadowless\n";
out << "\trotate <-(90-SolarAlt), 0, 0>\n";
out << "\trotate <0, -SolarAzim, 0>}\n\n";

out << "background { color SummerSky}n\n";

out << "#declare BaseColor = Green\n\n";

out << "union \n {\n";
/loutput triangle objects...2 triangles define one leaf
for (i=0; i < total; i++){

out << "triangle {\n";

out << "\t< " << Isd[i].vertices[0].x << ", ";
out << Isd[i].vertices[0].z << ", ";

out << Isd[i].vertices[0].y << " >\n";

out << "\t< " << Isd[i].vertices[1].x << ", ";
out << Isd[i].vertices[1].z << ", ";
out << Isd[i].vertices[1].y <<" >\n";

out << "\t< " << Isd[i].vertices[2].x << ", ";
out << Isd[i].vertices[2].z << ", *;
out << Isd[i].vertices[2].y << " >\n";
out << "pigment { color BaseColor* " << colorpffile-
1]i;
out << " }n";
out << "An";

out << "triangle {\n";

out << "\t< " << Isd[i].vertices[2].x << ", ";
out << Isd[i].vertices[2].z << ", ";

out << Isd[i].vertices[2].y << " >\n";

out << "\t< " << Isd[i].vertices[3].x << ", ";
out << Isd[i].vertices[3].z << ", ";

out << Isd[i].vertices[3].y <<" >\n";

out << "\t< " << Isd[i].vertices[0].x << ", ";
out << Isd[i].vertices[0].z << ", ";

out << Isd[i].vertices[0].y << " >\n";
out << "pigment { color BaseColor* " << colorp(file-
1]0;
out << " \n";

out << "HAn";

}

out << "finish {ambient .3 diffuse .6}\n";
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out << "Hn\n";

out << "cylinder { \n";

out << "\t<0, 0, 0>";

out << "\t<0, 105, 0>\n";

out << "\t.5\n";

out << "\tpigment { color DarkTan }\n";

out << "A\n";

out << "plane {y, -.5\n";

out << "\tpigment { checker color Flesh color White scale
1001\n";

out << "A\n";

out.close();

}

return O;

}

IX. A shell script for generating a sequence of .tga images from POV-Ray

#!/bin/sh

#

#

#

set maxfiles=540

set index=1

echoQ "--------mmmemeee > Converting Frame $index"
while ( $index < 10)

lusr/local/povray3/x-povray +Ishademov00$index.pov
+Oshademov00$index.tga +W320 +H320 +k$index +A
@ index = $index + 1
end
while ( $index < 100)

/usr/local/povray3/x-povray +Ishademov0$index.pov
+0OshademovO0s$index.tga +W320 +H320 +k$index +A
@ index = $index + 1
end
while ($index <= $maxfiles )

lusr/local/povray3/x-povray +lshademov$index.pov +Oshademov$index.tga
+W320 +H320 +k$index +A
@ index = $index + 1
end
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