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ABSTRACT

This work represents the culmination of efforts supported by Ballistic

Research Laboratories and Mobility Equipment Research and Development Command

LS S AN

to develop:a computer simulation system for large scale terrestrial scenes,.

The previous efforts have produced independent models for solid targets, cam-
ouflage nets, terrain and vegetation ground cover. The present effort has
produced automatic generation of vegetation input, improvements in the effi-
ciency of the vegetation model and increased flexibility of the terrain model
and has welded the independent models into & single system capable of producing
shadowed photographs of all or any part of a composite scene. The system has

been successfully demonstrated by the production of a high quality photograph

of a simulated test site.
<



S e NG e e S R
Y e R TN 2

1. INTRODUCTION AND OVERVIEW OF THE SYSTEM

1.1 Backgroind

The computer system degscribed in this report represents the successful
culmination of efforts of Mathematical Applications Group, Incorporated, sup-
poited by Ballistic PResearch Laboratories and Mobility Equipment Research
and Development Cbumand and others, to develop a practical tool for realistic
computer simulation of large scale terrestrial scenes.

The previous efforts have produced independent models for solid targetsl,
camouflage netsz, tetrain3 and vegetation ground cover3'4. Although independent,
these models were mutually consistent in that they produced images in the same
format (block format image) and could,.fﬁereforc, be merged into a composite
scene. Associated with these models were a group of utilities for merging, mag-
nifying and ghifting of images and a conversion program to produce from the block
format the string format required for the final phases of picture making.

From a practical point of view, there were a number of deficiencies in some
of the models and in the system as a whole. Specificallyx

a) The ray tracing elements of the vegetation mode]l required too much
computer time. This was, in part, a result of the multi-stage ray tracing and,
in part, a result of the great complexity required for close-up photography, but
wasted on distant trees. Thus, both a more efficient ray tracing was suggested
and a different, less complex, model was needed for the low resolution situation.

b) The generation of "forest" data, i.e., locat;ons, sizes and orientations
of the trees uf a scene, was performed by hand and thié placed a literally im-
possible burden on the user.

c) The terrain model was a modification of the camouflaga net which tied
the color and tex;ure boundaries to the resident net patterns. This gave little
fiexibility in the description of terrain. Purthermore, the input was precisely
the input for a camouflage net, and thus did not procesd directly from the field

data available to modelers of terrain,




d) The generation of a composite photograph required many separate

problem set-ups and submissions: one for each model and for its' shadow and,

for the vegetation model, separate runs for each tree type. The calendar time
for generation of such a photograph might be many days.

All of these proklems have been addressed successfully and the solutions
are described in detail in subseguent sections of this report. 1In this section,
wa will outline the improvements and guide the reader to the more detailed

descriptions.

1.2 More Efficient Ray Tracing for the Vegetation Model

A featura of both the construction and the ray tracing of the vegetation
model was the multi-stage, prototype concept. In essence, this means that the
tree is built up in stages, using copies of a prototype secondary branch to con-
struct a primary branch prototype, and copies of the primary branch prototype
to construct the framework of the tree. 1In ray tracing, the process is reversed:
when a volume containing a copy is struck by a ray, the ray is transformed, i.e.,
translated and reoriented, into the (possibly) magnified world of the prototype
for detailed ray tracing within that structure. Because the volumes occupied by
'the copies inevitably overlap a good deal, this procedure tends to invoke much
more rry tracing than is required for the more open structure of a one stage
model.

Thus, the essential feature of the new models is tha elimination of some
of the multi~staying in the ray tracing. The construction of the tree proceads
as before (from the same input data), but only the digitized leaf and twig
structure is represented by copies ol BOXes in the system of *the tree. All
woody structure = secondary branch hase, primary branch framework, and stem =
is represented by truncated right cones in the tree system. A three dimensional
lattice ccvering the containing box of the tree permits analytic, ordered se~
lection of bodins for investigation along the ;ay. This reduction of the role
of multi-staging has resulted in a computer time saving of a factor of four

or five,
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The two new models that implement the new ray tracing are referred to as
the high rescluti;n model and the low resolution model., Thz high resolution
model is geometrically identical with the old model. The low resoiution model
differs from the high resolution model in that the BOXes containing leaf and
twig structure are probed "statistically", i.e., penetrztion of a struck BOX is
probabilistic, as is the decision whether leaf or twig has been struck. Thus,
this model differs from the others both geometrically and in its ray tracing
method., Because another "stage" has been removed, the ray tracing is roughly
twice as fast as fcr the high resolution model. The statistical data for this
model is derived from ray tracing "experiments™ on tha high resolution model.

These two models were implementea by the government and ~zplied tuv four
tree types. The resulting eight data sets constitute the "tree library" de-
scribed in Section 2., The details of the construction technique are given in
Appendix A.

1.3 The Data Base

The data required to describe any given test site consists of five libraries.
Two of these are related to vegetation ground cover and are 1) the ccllection
pf high and low resolution models for each of the tree types of the region and
2) *he forest lib-ary. Other libraries are the terrain library, the Combina-
torial Geomatry target library and the camouflage net library.

Since a prime objective of thig effort was to reduce the user burden, it
was decided that these libraries should exist on a single logical unit in a
highly processed state and be accessed by “"knowledgeable" retricval rout.ines,
i.e., routines which are aware of scene limits without unnecessary user prompt~-
ing. The degree of proucessing in the stored data was determined for each modei
individually. For new mcodels (vegetati~;, and terrain) the stored data are the
fuliy processed contents of arrays and commoen blocks, ready for ray tracing,
while fcr the forest description, the twelve parameters of the containing BOX

for each tree are stored. The net and CG target data are, bowever, stored as
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reguire? by these working models: caqrd images for the OG and a mix of card
images and unform;tted restart data for the nets,

Tve [ormat of this tape and the several retriaval methods is discussed
in detail in Section 2, Data selection from the forest library and data or-

ganizing for the vegetation ray tracing will also pe discussed there.

1.4 The Forest Generator

A stand-alone program for the genevation of the forsst library has been

written and utilized in this effort, This program uses resident distribution

functions with use .-specified means and variances to distribute trees of given
types within given boundaries or along given contours. Amon= the properties
selected from distribation functions are location, orientation, height and
cluster si-e.

This program is fully described in 3ection 3, which also contains a user's
guide aad input dcscription.

1.5 The Terrain sModel

Modifications of the terrain model have proceeded by separating the "in-
stallation” procedure from the ray tracing procedure, and building a stand-
§lone program to produce the processed data required for the data base., This
stand-alone program requirvs elevation data, arbitrary color boundaries in a
horizontal plane and associated region numbaer assigmments. Road data, as in
the old model, are also required. Only minor modifications were required in
the ray-tracing to identify the color boundary within which a strike occurs,

The :natnllation program and the modifications in the ray tracing are fully
degcribed in Section 4. ‘That section also contains a user's gquide ard input

descriotion for the installation program.
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l.o0 The Image Generating System

The ‘mage generating elements and shadow Jenerating elements of the four
Lasic geowetry models have been integrated into a system which, operating from
the daga bas.:, -:an produce all or any part of a scene as a block format image
{for furt ..y processing) or as a string format image, ready for the color pass
of the M..): SYNVHAVISION process. The othar components of the system are the
"scene se& .ting" zomponents, for reading and processing camera data and sun data,
the data retrieval components for selecting appropriate data from the data base,
the MERGE program for merging two block format images, and the CONV program, for
converting the block format image to the string format required by the color pass.

All of these components are under the control of an executive (PROGRAM

TRAFFIC) whose function is to read and respond to option cards and thus direct

. the flow of a user initiated sequence of runs, All of the system components

mentioned above are opted by the‘user, with the single exception of the data re-
trieval option, for which the executive takes the responsibility. The user alsq
names the input and output files for a run and thus decides whether a current
image is to be merged with a previously produced image as the new image is gen-
erated or whether images are to be saved separately for later merges.

The only card input required by the system are the option cards (two for
most options) and the scene-setting data: camera data, sun data, translation and
gcale data for the targets and nets, raster limits for each geometry and shadow
run, and color assiqnﬁent cards fof the éonversion run, For a typical whole
scene sequence with one target and one net, there will be four geometry runs,
four ghadow runs, two data runs and one conversion run, Apart from the color

assignment cards of the conversion run, fewer than fifty cards are required.




Because of tHe size and cowplexity cf the system, it has beeun necessary

to structure it in overlays. Since the overlay method is machine-dependent,
the IBM version used at MAGI in the production phase of this work is different
from that required by to the government for the CDC 6600 computer. The CDC
version is the subject of Section 5, where the executive and new routines of
the system are described. That section also contains a user's guide and input
description.

1.7 Demonstration of the System

The completed system was debugged on a data base consgisting of a fifteen-
tree forest, a tree library with two tree types, a terrain based on nine ele-
vation points, two combinatorial geometry targets and a single camouflage net.

A full scale problem, based on a test site description provided by the
government, was then executed with excellent results. The details of that
problem are described in Section 6 and the resulting photograph is shown. 1In
that section we also give execution times for the data-producing codes as well
as the image gener;ting system, and make recommendations for the manner in

which test-gite descriptions shoula be provided in the future for good simu-

lation,




Z. THE DATA BASE,

2.1 Description of the Data Bage

The data base for the systaem resides on a tape or disk file and contains
all of t£e information about a single test site as well as all of the data for
combinatorial geometry targets and camouflage nets that may be used in connect-
ion with the gite.

The separate libraries or data units which comprise the data base are, in
the order of occurrence on the tape:

a) Forest library

b) Tree library

c) Terrain library

d) Combinatorial Geowmetry target library

e) Camouflage Net library

The detailed format of the data base is given in Table 2,1, Further details
of the forest library may be found in Section 3.5 of this report, while the
terfain library is fully discussed in Szction 4.2.3.

The forest library is divorced from the terrain library in the sense that
the vertical location of the trae base is at sea level, The actual elevation is
extracted from the terrain library at the time of retrieval of the tree from
the forest library. For shadow ruxs, the normal to the terrain is alsc computed
at this time,

Each Combinatorial Geometry target is ropi-acnt.d by card images of the
geometry deck, i.e., raw data prepared by the user. These cards are fully de-
scribed in references (1) and (3). A separator record consisting of the Hollerith
information 12X,FINI folows the last card image of each deck excepc the last,

which is followed by the record centaining the information 12X,STOP.

g ey




Each camouflage ret requires three data sets: 1) a variable number of

card images, 2) 7 records of processed birnary data (the output of CAMNET on
TAPE8, for restart), and 3) two final card images. The first two sets are
separated by a record containing the Hollerith information 12X,SWCH. The net
library, and therefore, *he data basas, '8 closed by an end of file,

The tree library describes each of several tree types by means of two
models: a high resolution model and a statiastical, or low resolution model.
The high resolution model is geometrically identical to that described in (1)
and (4) but much of the multi-staging has been removed to increase the efficiency
of ray-tracing. The low resolution model is based on the high resclution model
with the digitized leaf and twig structure replaced by a statistical leaf cloud.

These models were prepared by the government and are Jdescribed in Appendix A

of this report.
The identification of a model is based on its tree typa, I(<6), and its

resolution., Thus the identifier for the high resolution model of tree type I is

LTYP(2*1I-1) = 10*I + 1 ;

while that for the lcw resolution model of the same tree type is

LTYP(2%I) = 10*I + 2 .

This identifier is the first record of a trae model. The second record of
the model carries the contents of the labelled cosson TREE of the vegetation
code and consists of construction data. A third record carriecs some statistical
data (meaningful only for the low resolution model), namely the arrays STT%(4),
AVE(2) and DAVE(2), and the contents of the common blocks FG, KD,KLOUD, FRAYTR
and COLR of that model. Shere are 21631 words of data in the second record

and 1680 words in the third record.



There are currently four tree types represented orn the data base: a
coniferous tree (LTYP(l)=11l, LTYP(2)=12), two deciduous trees with leaves, the
'pin oak . (LTYP(3)=21, LTYP({4)=22) and the cottonwood (LTYP(7)=41, LTYP(8)=42),
and, finally, a deciduous tree without leaves (LTYP(S5)=31, LTYP(6)=32). Room

has been allowed in the retrieval rocutines for two more tree types.



TABLE 2.1 - FORMAT OF THE DATA BASE

DATA UNIT RECGRD NOS.

i 1,N
N+1

& w

3aN-2
3*N~-1
3*N
IN+1

10

1,N1
N1+1

(N1+2) , (N1+N2+2)
N14N2+43

L
*

NMAX
L(NZ+1)
2=]

1,L1

L1+l

L142,L1+48

L1+49,L1+410

CONTENTS

FOREST LIBRARY
78130

TREE LIBRARY

LTYP (1)
MA,FPD, ...
STTT,AVE...
LTYP (2)

.

LTYP (N)
MA,FPD ...
STTT,AVE..
15626

TERRAIN LIBPARY
31252

CG TARGET LIBRARY

Card images of
standard input
12X,FINIS

Card images
12X ,FPINIS

12x,stop

NET LIBRARY
Ll card imag-s

for restart option #5

12X,SwWCH

Processed data

2 card images

10

COMMENTS

Output of FORGEN
Flag

3 records for each
of N models. N<12

Tree ID

Tree ID

Flag

Output of INSTAL
Flag

NMAX targets
HOLLERITH (20A4)

Separator

Separator

Flag

LMAX nets
HOLLERITH (20A4)

Flag, switch to
unformatted data
7 binary r=zccrds
from CAMNET restart tape)

Final cards for restart
Repeat above for each net.

End data base.
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2,2 Data Retrieval Methods amd Routines

The data ret;ieval meithods are peculiar to the library concerned. Retrieval
for the vegetation modules is rather complicated, while that for the other mod-
ules is essentially a matter of tape positioning.

The retrieval routines are in a primary overlay of the system, OVERLAY(2),

with main program PROGRAM DATRET. This overlay is called hy the executive when-

ever an image generating oi shadowing run is opted by the user. The geometry
model concerned is identified by a program number, JSAVE, which is passed to
DATRET through common. DATRET calls the appropriate subroutine:

SUBROUTINE TERRET

Called from DATRET for
1) terrain image or shadow, TERRET searches the data
base for the integer fla§ 15626 and leaves the tape
positioned for reading by input elements of the
terrain modules;
2) vegetation data processing, TERRET find3 the terrain
library and reads into memory the first four records
(see use under FORRET). |
a) Called from: DATRET
b) Subroutines called: None

SUSROUTINE TARGET (N,M)

Called from DATRET for either G targets (M=l} or camouflage nets (M=2),
TARGET gearches the data bass for the appropriate flag and positions the file at
the Nth target of either type. The data are later read by thg input routines
of the appropriate model, The ordinal number N i§ supplied by the user as de-
scribed in Section 5.

a) Called froms DATRET

{ b) Subroutines called:s None




SUBROUTINE FORRET *

This subroutine is called from DATRET to retrieve data for a particular
model of a particular tree type. If the model is not in the tree library or is
not represented in the forest library, a flag is returned to the executive
inhibiting the geometry run and calling for the next tree model.

The action of FORRET is to locate the model on the data base and copy it
to a temporary storage device (the user designated logical unit IPD). FORRET
then searches the forest library for trees of the correct type which are within
the scene limits., Each such tree must satisfy a range criterion for the parti-
cular model (high or low resolution). To calculats the range and to complete
the tree description, the vertical position of its base is extracted from the
terrain library bty a call to the subroutine ZANDW. This subroutine will also
return the local normal to the terrain if a shadow run is contemplated. The
twelve or (for shadows) fifteen word description is written on the IPD as a
single racord.

The range criterion for high or low resolution model is specimen-dependent,
For a particular tree the criterion is that the width of the containing box shall
l'ubtend at the observation point an angle greater than 25 mils to require the use
of the high resolution model. For a tree within a densely forested region, the

value 50 mils is used. Such trees are tagged at the time of generation as de-

scribed in Section 3.2,
a) Called from: DATRET

b) Subroutines called: ZANDW, INROUT

12



SUBROUTINE ZANDW

This is the routiﬁe called by FORRET to calculate the elevation, Z, of the
terrain at the position (x,y) of a tree base. For shadow runs, ZANDW will aiso
£ind th; local normal to the terrain. For these calculations, ZANDW calls
routines of the terrain ray tracing module.

a) Called from: FORRET
b) Subroutinas called: INIPOS, NORM

SUBROUTINE INROUT (JFL)

This subroutine is called by FORRET to determine for a particular group of
trees contained within known rectangular limits (see Section 3), whether any
part of the rectangle is within the scene limits. The flag JFL is returned as
non=-zero if the answer is positive,

a) Called from: FORRET
b) Subroutiies called: None

2.3 Forzest Data Organiuing Progrims

Because of the very large memory requirements for a tree model (over 23000
words), it has been neces3ary to design the vegetatior runs around a single model
and to limit the number of trees in memory at one time to tw; hundred. A complete
ground cover image is obtained by a loop on model number, with a continuous merge
of the image in process with that of the previously processed models. This
"merge-on-the-£fly" process is described in Section 5.1l. The loop extends from
JFIRST (input or default, 1, to JLAST, input or defaulf. 12). |

The limit on the number of trees concurrently in memory is observed by
orgarizing the trees of the zcene by blick number of the image scan (line by
line, left to right within a line). This function is performed by the PROGRAM

PREPAR for image genaration and by the PROGRAM PRLPR forlahadoving by the forest.

11




The organized treed are written on TAPE3 in records of 200 trees, each record

headed by an identifying block number. Clearly trees may be repeated for
blocks Qf different number. A second output tape of PREPAR, TAPE1O, carries
for each covered block an array of dimension 2 by 20, one column of which orders,
on distance from the camera, the tree numbers to be investigated for that block.
The other column gives the distance.

These program; operate on the TAPE IPD, the output of FORRET, which con-
tains those specimens of a single model which are within the scene limits estab-

lished by the subroutine COVER (scene setting overlay).

14
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3. THE FOREST G'::.NERA’POR: PROGRAM FORGEN

3.1 Introduction

The purpose of this stand-alone program is to create the data file which
contaiﬁs the type, size, location and orientation for every tree in the area
of interest. FORGEN performs this function in response to relatively simple
input data by selecting values from internal distribution functions with user-
defined means and, in some cases, user-defined variances. The output data are
organized by region (defined below) and, within each region, by tree type. The
data for an individual tree are given as the parameters of the containing box,
i.e.,, the vector position of one base corner and three vectors specifying the
edges of the box, and therefore its size.

In the following sub-sections of this section, we will describe the phil-
osophy and design of the program, the subroutines comprising the program, the
input preparation and logical unit assignments and the format of the output file.

3.2 Program Design

The design of the program was guided by observations on the kinds of tree
distributions that might be of interest and by practic;l considerations such as
the possibility of replacing individual parts of the description or adding to the
description without rerunning the entire problem.

Three kinds of tree configurations were identified as useful to efficient
generation of realistic ground cover. A basic concept in the description of
two of these configuraﬁions is the "cluster"” And is based on the facé that, in
low density distributions of trees, the unit grouping may contain more than one
tree. Thus, for our purposes, trees may occur in clusters whose size is de-
términed from an input mean and a reeident distribution function., The three

configurations are:




1. A uniform distributicn of ciusters of each of several types of
trees within a clbésed boundary. The user defines the boundary and the types
of treas and, for each tree type, the mean cluster size.(up tc 10}, the
fractional density, the mean height and the half-width of the height rangec.

2. A uniform distribution of clusters of each of several tree types

along a "thick" line. The user defines the line, its thickness and tree para-
meters as in (1) above.

3. A distribution of individual trees whose types, sizes, locations and
some aspects of orientation are defined by the user.

The first of these clearly lends itself to the description of forested
areas or fields with scattered trees or tree clusters. The second might repre-
sent the fringe arrangement that frequently occurs near a road or on the bound-
aries between fields in farm country. The third type of representation is use-
ful in the immadiate neighbornood of a target, since a very special local con-
figuration may be selected for camouflage purposes,

1n what follows, we will distinguish thege configurations by their geometric
peculiarities and refer to them as "boundaries®, "lines", and "point sets”, re-
spectively. The entire organization of the program - input, program action and
output, as well as the replacement and aduition of data - is based on thig three-
part description. The order of input, treatment and‘output is always: boundaries,
lines, point sets.

Bacause the line segments comprising the boundary and the line may be deter-
mined by a road or a stream bed, the user may give a (positive) displacement for
each segment such that the segment used by the codes is clear of the road or
stream bed., Thus the displacement will normally be somewhat more than half the
width of the bed. The direction of displacement for a boundary, whose defining
points must be given counter-clockwise, is always inward. The line mus:t be de-
scribed such that the directed segment from point N to point N+l ia displaced

to its left. Thess idear are illustrated in Figure 3.1.
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A restriction on the closed boundary should be mentioned here, namely

that a line X = constant should cut the boundary in two ard only two points.
If a bounded region does not satisfy this restriction, it should be sectionad
into two or more bounded regions.

The distribution of trees within a boundary proceeds by determining the
smallest contz'ning rectangle with sides parallel to the x-y axes and covering
this area with a square grid. The grid size is the product of the average
width of a tree box in the area by an input factor which, in effect, determines
the mean spacing of trees within a cluster. If a tree is assigned to a cell
of the grid the base lucation will be chosen somewhere within the cell.

Once the grid hés been established, an array is set up which cstablishes,
for each value of the x index, I, the iiiits of the y index, J, that correspond
to the boundary. Simultaneously, a pointer array is set up, such that for
each value of I, the cumulative number of ygrid points through I-1 is recorded.

These pointers refer to the "IQ" array, whica will contain the identifiers for

trees essigned to grid points,

The assignment of trees to cells of the grid requires that cluster den-
sities be established for each trea type, The cluster density is sampled for
a grid point which will act as an "anchor" pcint for location of a cluster.
The cluster gize is then determined from the cluster mean and a highly peaked
-distribution function which covers a ranger from‘unity to twice the mean. A
square array of grid pointe is then investigated fgr wioccupied gites and the
members of the cluster are assigned to thesé with probabiiity that decrea#es
with distance from the center, This has the effect of softening the corners.
It is possible that some members of the cluster will not be accommodated in
the array, but this loss is compensated at the end of the assignment process
by distributing individual trees. Tha dimeneion of the square array ias de-

termined from the expression

LENGTH=SQRT (2* (KI+2) )




FIGURE 3.1 - Boundaries and "Thick" Lines
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displaced bourdary

input boundary
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(a) A closed boundary: points 1 through 5 lie along a
road bed. Non-zero values of W(l) through wW(4)
give the appropriate displacements,

"thickness®

displaced line

(b) A line: points 1 through 5 lie along the same road bed

as in (a). By describing these segments in reverse, the
displacement is forced in the opposite direction,
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where KL is the clyster size, If the mean cluster size is unity this method
is by-passed and an individual tree is located at the selected grid site.

A similar treatment is appiied to eAch seyment of a "thick" Jine, with
the excéption that the members of a clus;er»occupy successive grid sites along
the line, each site selected from a étack which is perpendicular to the line
and gives the lines its "thickness”. Thus the thickneas is used to “scatter"
the trees perpendicular to the line.

The fractional density given by the user for each tree type can now be de-
fined: for the Lounded region it is the fraction of grid sites ﬁhat will be
occupied by this type; for the 1line it is the fracticnal number of stacks which

is occupied by trees of this type, qnd one .o a stack. If a line is composed of

trees of more than one type it is possible that a stack will have more than one

occupant.

The size of a tree is chosen from a flat distribution abou* the given mean
and of half-width given by the user. The polar angle of the trunk is chosen
uniformly within a cone whose half-angle is 0,1 radian. Both ti.e azimuth cf the
trunk and the axial rotation about thé trunk are choser from uniform distributions
between 0.0 and 2m. The location of the center of the base of the containing box
is selected uniformly within a circle about the grid site with radius equal to
half the grid spacing. .

Each tree associated with a point set is fully described by the user except
for the axial rotation about the trusk. 7This latter paramater iz selected as
for trees in the other configurations. However, it was felt that a user might
wish to describe a fallen or leaning tree in some specific azimuthal direction
and specification of the polar and azimuthal Angleo is necessary for this. If
these entries are left blank the treﬁs will be upright but the axial rotations

will give sufficient variation in appearance,
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A rough printer plot capability is provided within the program and is

applied to each bounded region, each segment of a line and each point set. For
the bounded region and for the line segment (always represented horizontally)
the teéhnique is to identify grid points with printer positions and for each
occupied grid site to print the tree identifier which is an integer between 1
and 6. The same procedure is used for representing the point set except that
the grid size is supplied by the user.

A better plotting capability is provided outside the program by the PROGRAM
PLOTFR. The card input :0 the program is a single card giving the rectangular
limits of the plot and a grid size. PLOTFR operates on the cutput tape of FORGEN
to provide an integrated view of the specified region.

The identification of a tree on tha output tape of PORGEN dovi not, of
course, distinguish between the high resolution model and the low resolution
model for that tree. That determination must be made for each scene, i.e., for
each ratio of tree~size to distance from the camera. Howaver, t 2 criterion for
switching from one model to the other may properly be influenced by the treo
situation. For example, a tree in the interior of a dense forest need not be
represented as carefully as a single specimen, With this in mind, FORGEN tags
such treas by attaching a minus siqn to an intrinsically positive quantity,
namely, the vertical component of the haight of the tontaininy box. The basis
of this assignment is that the tree must be a non-boundary tree of a bounded
region for wh:ich the fractional area occupled by trees is greater .nan 0,2,

3.3 Description of Routines

In this section, wa describe all of the routines of FORGEN. A linkage chart

is given in Figurse 3.2,
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PROGRAM FORGEN

»

FORGEN governs the generation of thae forest library and performs many of
the required calculations. In particular, it distinguishe-‘betweén the gener-
ation of a new library and the updating of an old library, and reflects the organ-
ization of the calculation éccording to boundaries, lines and points,

a) Main program

b) Subroutines called: DISPL, INPROC, GRID, ASSIGN,
TCAL, BOXXT, POSIT, PLOTL

SUBROUTINE ASSIGN

ASSIGN is called from the main program for boundaries and thick line seg-
ments after the grid has been egtablished. 1It'a function is to select a cluster
size and a cluster position and to assign the members of the cluster to grid
sites. ASSIGN does this for the nunﬁer of clusters required to provide the cal-
culated cluster depsity. Becauseé tha number of necessary sites are not always
available in the cluster, ASSIGN finds individual sites to complete the assign-
ment. Since the assigument process ie different for boundaries and line seg~-
ments, a parameter NOPT (=0 for boundaries, =1 for line segments) is passed to
ASSIGN from the main program.

a) Called from: FORGEN

b) Subroutines called: CLSTR

SJBROUTINE BOXIT

This subroutine calculates tha box parameters, i.e., the vertex vector and
three edge vectors, for an individual trﬁe, anauminj an elevation of z=0.0 for
thae base. It selects an axial rotation angle and accepts from the calling
routine a horizontal bare position, a polar angle, an azimuth and a magnification
of the containing box for that trea type.

a) Call:d from: FORGEN, TCAL

b) Subrsutines called: None
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SUBROUTINE CLSTR

-

CLSTR selects a cluster size and returns this value to ASSIGN. The dis-
tribution function is symmetric about the mean with range from unity to one
less than twice the mean. The probabilities decrease by a factor of one half
with each additional unit departure from the mean,

a) Called fromt ASSIGH

b) Subroutines called: Norne

SUBROUTINE GRID

It is the function of GRID to set up (for bounded regions only) the array
which defines the bounded region in terms of grid indices. LIST(1,I) is the
lowest index (J1) for horizontal grid lines passing through the vertical grid
line of index I, while LIST(2,I) is the highest such index (J2). LIST(3,I) is
the cumulative sum of (J2-J1+)l) through I-1 and thus conagtitutes a pointer to
an array carrying the grid site assignmenta. The process is so trivial for
thick line seguwents and for point sets that it is performed in FORGEN.,

a) Called f;on: FORGEN

b) Subroutines called: None

SUBROUTINE INPROC

This subroutine is called £to; PORGEN to resd the data for all the trees
of a bounded region or a line, i.e., number of types, type identifier, mean cluster
size, fractional density, mean height of containing box, relative range of heights
for thia rcyion, and the shrink factor., It than caxlculates the cluster prcb—
abilities mean magnifications (ratio of input height to resident box haight for
that tree type) and the yrid size,

a) Called froms FORCEN

b) Subroutines called: DNone
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SUBROUTINE PLOT1

PLOT1 is used to display on the printer the grid site assignments for
each region. 'The éosition in a printer line corresponds exactly to the x-index
I, while the line itself corresponda to the y-index J. The grid spacing is
calculated for the boundary or line segment but is ar input for the point set.
PLOT1 operates from the arrays LIST and IQ. LIST has already been described.
IQ(X) contains a zero for an unoccupied site and an identifying integer from
1 to 6 for an occupied site. LIST(3,I) ig a value of K such that K+J is the
location in IQ corresponding to the (I,J) grid site. Segments of lines are
plotted horizontally, but actual end points are printed out.

a) Called from: FORGEW

b) Subroutines called: None

SUBROUTINE POSIT

This routine is called by FORGEN whzn the code is being operatéd in the up-
dating mode, i.e., the mode in which an existing library is to have certain ele-
ments replaced and other clements added. POSIT must copy acceptable elements
from tne old tape to the new tape and position the old tape past unacceptabie
elements.

a) Called from: FORGEN

b) Subroutines called: None.

SUBROU&INE TCAL

' TCAL governs the calculation of tree box parameters for boundaries and
lipes. It selects the final location of the base of the tree within the grid
cell, for all trees of ray regions, a magnification within the input limits about
the mean magnification, a polar angle and an azimuth, BOXIT ie then called to
complete the calculation for one trea. TCAL also writes out on tapa (TAPEZ) the
12-word tree descriptions in records of 200 trees. The caiculation ig@ ordered on
trze typee,

a) Called from:s FORGEN

b) Subroutines called: BOXIT

23
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3.4 1nput and logical Unit Asgigaments

All input data are read from caris on one of two formats:

*nteger data:

Floating Point data:

CARD NO. CONTENTS
1 ISUBST
NB
NL
NP

FORMAT(6I10)
format (6E12.4)

COMMENT

Mode option parameter equal to 0 or 1.
O: create new library from scratch;
1: update existing library.

Number of (boundaries, lines, point sets)
to be processed for ISUBST=0; number to
be replaced for ISUBST=l.

Cards 2,3 and 4 are included only for ISUBST=l,.

2 IDB(I),I=1,NB+1
3 IDL(I),I=1,Ni+1
4 IDP(I),I=1,NP+1

I<(NB,NL,NP), ordinal r. uber

of (boundary, line, pcint set) to be
replaced. I=(NB+1,NL+1,NP+1l) number of
such regions to be added (may be xero).

Card sequence 5 through 11 is needed for each bounded region and line with the

axception of Card 7 which is needsd only for lines. Card sequence 10, 11 is re-

peated for each tree type in each description.

5 NXY
6 Xp
Yp
w
7 WN
) NTYP
9 SHRINK
10 ITYP
LMP
11 FRCT
SMN
81G

Number of points used to describe this
boundary or line.

X and Y coordinates of a point;

displacement of line segment between that
point and the next., Two points per card,

for lines only, "thickness" or allowed
straggle of bases.

Number of tree types for this region,

Factor to be applied to tree box width to
determine mean spacing of trees in a cluster.

Trae identifier (11,21,31,41,51,61);
mean cluster size for this typey one type
por card.

Fraction of grid points covered by this
tree type;

mean height of this tree type; t actional
height variation for this tree type. One
type per card.




T RTINS AR 5. L haSaE et et e e et e e e s

.

Card sequence 12 through 15 is needed for each point set., Card 15 is repeated

for each tree in a point set with order of tree type given by card 13.

CARD NO CONTENTS COMMENT
12 NXY Number of trees in this set, number
NTYP of tree types.
13 ITYP Trae type identifier;
NUMR number of treeg of this type. Three
saets per card.
14 x’““} x-limits)
YMIN :
YMAX& y~-limits;
DS grid spacing
15 X X,y coordinates of tree
Y base;
SMN height of this tree;
THET polar angle of ztem (rad};
© PHI - azimuth of stem (rad).

A final note on input cards 5 and 6 for boundaries: the closing ims produced
by the code cn the assumption that the last point is not a repetition of the first
point. For both boundaries and linoc,_the quantitiea W(I) should be made some-
what greater than half the yidth of the road or stream bed since it is the base
of the tree which is confined to be within the boundary or within the "thickness"
of the line. Finally, the points ﬁofininq a boundary must be sequential and in
gounter-clockwise order, while those detininq a line must be described sequentially
in a direction such that the stream or road bed is on the right. The W values

are all positive.

Logical units:

TAPE1 t existing tree library for update only (ISUBST=1)
TAPE2 ] output tree library.
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3.5 The Outpat Tape

The output tape (logical unit 2) is organizui .w region type: bounded

regions, lines and point sets. Within each type the order is that determined

on input.
RECCRD NO. CONTENTS COMME>TS
1 NBT,NLT,NPT Numbers of boundaries, lines and point sets

Each region is represented by the following sequence of records.
P IDUM,NTYP, IDUM2 NTYP - number of tres types
(ITYDP (I) ,NUMR(I),I=1,NTYP) Type identifier, number for all types

XMIN,XMAX, YMIN, YMAX Rectangular limits of region

Each tree type in a region is represented by the following sequence of records:

3 (TT(1,J),I=1,12),J=1,200) Up to 200 tree boxes for first tree
type in each record.

Li=24{NUMR(1)/200+1} -

Each tree type starts a new record.
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q. THE TERKATIN PROGRAM

4.1 Introdugtion

The terrain model that was developed under a previous contract1 was a
modification of the camouflage net model2 that embodied softened contour lines
and a ;road" capability. It was, however, wedded to inflexible color pattern
boundaries, characteristic of the nats, and to the input mode of the net, waich
is quite inappropriate to » terrain model. The purpose of the effort reported
here was to remove these restrictions from the model, to separate the establish-
ment of the terrain library from the ray tracing process, and to provide fcr easy
retrieval of the data for ray tracing. The first two steps required the develop-
ment of the stand-alone program, PROGRAM INSTAL, and the replacement of a single
routine in the ray tracing module. The last step is a matter of positioning the
data base tape and reading the processed data into memory.

A further deficiency of the old mndel was an extremely slow trianglulation
method which, in the course of establishing the real terrain of nearby one
hundred points, became intolerable. Modification of the subroutine SEGNET was
necessary to overcome this problsa.

4.2 PROGR.M INSTAL

4.2.1 Design
This is a stand-alone program for reading and pfocenninq elevation data,

road data, color boundery data and region number anniqnments. The output is a
file which is to constitute the third library on the data bage tape. The file
consigts essentially of the commﬁﬁ‘blocks required by‘ﬁﬁa ray iracinq routines,
In the previous model, the terrain installation process took place in two
steps: 1) establishmeat of the flat "net" description in 2-space; 2) construct-
ion ¢f the installed "npet" in 3-space and calculation of parameters for mapping
a (strike) point on the installed net onto a point of the flat net for (struck)
region identification. PROGRAM INSTAL replaces the first step cntiialy and
modifies some portions of the seoond step so that simple elevation data are used

in the installation process.
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The "flat ne;" is essentially replaced by supplying a projected region
boundary, i.e., a sequence of points (x,y) in a horizontal plane defining a
closed boundary on the elevated terrain. Any terrain mot enclosed by such a
boundary is lumped under a single region assignment. In the ray tracing pro-
cedure, the "mapping"” problem is replaced by the problam of determining, for
given (x,y), the corresponding boundary number.

The treatment of roads has not been changed except that the road input
reading and processing is now part of PROGRAM INSTAL.

4.2.2 Description of Routines

Table 4.1 lists the routines of PROGRAM INSTAL and identifies them as new,

modified or unchanged. Only the first two categories will be described here,

PROGRAM INSTAL

This is the main program whose function is to call the specific input read-
ing and processing routines and to write the processed data (essentially the
common blocks) out onto TAPES,

a) Main program

b) Subroutines culled: INPROS, SEGNET, TRINET, PLIP, NETBCD,
ROADIN, INBOUN

SUBROUTINE INPROS

This routine reads elevation data (x,y,z) for LSUP interior points, and
locations (x‘,y) of NUM sesa level (#=0.0) points on an enclosing boundary., The
output in the HPT array containing, for up to 100 points, the five word grcup
X,Y,z,u,v where u=x and v=y. This redundancy, produced by replacing the flat
net description, does no harm and allows us to retain the other processing and

ray tracing routines irntact,
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Because elévation values (2) are usually provided in feet, while hori~
zontal locations and distances are given in meters, the code assumes this
mixed unit input and divides the elevations by 3.048 ft/meter.

a) Called from: INSTAL

b) 5.wroutines called: None

SUBROUTINE SEGNET

This routine receives the HPT array from INPROS and performs the triangu-
lation of the terrain. The wmethod is to form all possible segmernts between
pairs of interior p..,.s and to order the segments according to increasing
length for each point. The shortest segment is accepted as a triangle side
if it does not cross any previously accepted segment and is not parallel to
a previnusly'détermined side of the current triangle. The necessary improve-
ment introduced into this routine is a sort on segment length prior to the
point by point search for triangle sides.

a) Called from: INSTAL

b) Subroutines called: None
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TABLE 4.1 - The Routdwes of PROGRAM INSTAL

NAME
INSTAL
INFROS
SEGNET
TRINET
FLIP
NETBOD
ROADIN
INBOUN
CROSS
»J0RM
INIPOS

XYz2uv

-~

COMMENTS
Main program; new
Modified
Modified
ola

old

ola

oud

New

oid

old

old

old

=




_S_SlJ_B_R_Q_UTIRE INBOUN

This routine .reads and processse region boundary Jata and makes region
number assignments according to input. A sequence of NXY points, (x,y) counter- .
clockwise about a closed boundary (Sad point not repeated) is read for each of
NB boundaries. A pair of direction cosines isg computed and stcred for each line
segment. The rectangular limitec of the boundary are also stored to speed up the
gearch process which takes place in ray~tracing. A list of N+l color region
numbers is read and stored, the last corréspending to all uncovered terrain.

a) Called from: INSTAL

b) Subroutines called: None

4.2,3 1Input, Output and logicel Unit Assignments

Card (1) LSUP, NUM FORMAT (215)
LSUP - Number of interior points for elevation data
NUM - Number of bouncary points with 2z=0.0.

Read by INPROS.

Caxd (2) x,y,z FORMAT (3F10.0)

Elevation data for LSUP points, 1 point per card.
Read by INPROS. Scale difference between (x,y)
and z assumed: (x,y) in meters, z in feet.

Card (3) x,¥y FOURMAT (2F10.0)

Locatiors of NUM boundary points, 1 point per card,
Read by INPRCS. '

Car.is (4) through (&) Read by KOADIN - see (1) p. 43.

Card (7) NB FORMAT (15)

Number of region boundaries to be read,
Read by INBOUN. o \ :

Card sequence (8) and (9), read by INBOUN, repeated for NB boundaries.

Card (8) KXY FORMAT(IS)
Number of points ior this boundary

Card (9) Xv,YP FORMAT (2F10.0)

Coordinates of NXY points, 1 point per card.

Card (10) ICOLOR(I),I=1,NB+1 PORMAT(1415)

Ordered color numbers for NB bounded regions and
"rest of world®, 14 per card. Read by INBOUN.
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Logical unit assignment: TAPZ8 = oqtput tape.
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The output tape has nine reccrds, each of which contains the data rfor a

labeled common block or data for unlabeled common as used in the ray tracing

elements of the model, The records are as follows:

RECORD NO. CONTENTS
1 LSUP,LPEG, LINT, HPT (500)
2 LI1J(600)
3 NT, LETRIP (600)
4 TV, HBD (4000)
5 JIT,CTIT, LRN
) NUMROD , NHI'T,NCROAD
7 IPROAD (25) , IPNORM (25) ,NSEG2 (25)
WIDTH (25) ,WIDTHS (25) ,NCR(25),
_ LRUT(25) ,FRAC (25}, CRAC (25)
8 XP (1000) , YP (1000) ,wWXx (1000},
WY (1C20),NP(100) ,NB
9 XLIST(400), TCOLOR (100)
1w EOF .

4.3 Terrain Ray-Tracing

COMMON
LIMAGFE
HSEGNE
HTRINE

HTRXNE, unlabeled
common

ROADC1

ROADC2

POINT

ORGAN

The ray-tracing module of the new terrain model differs from that of the

old model, describaed in a and b, only in the replacement of the routine FIND

by a pair of routinas, TFIND and LOCAL (called by TFIND).

2
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SULICUTINE TFIND .

This routine is called from RAYTRF after a ray has struck tie terrain at
a point (x,y,z). Using the coordinate x and v, FIND examines the ractangular
limits of each of the bounded regions to detarmine whether that region may
contain the point. If a region is a candidate, FIND calls LOCAL to perform the
search with the real boundary. If a bounded region IR contains the point, the
assigned region number, ICOLOR(IR) is extracted and returned to KAYTRK. °*Cthere-
wise it is assumed that the strike point is in the "rest of the world" and
ICOLOR(NB+1) is returned.

a) Called from: RAYTRK

b) Subroutines called: LOCAL

SUBROUTINE LOCAL(IR,IFL)

This routine uses the ordered sequence of points, (X,P{I),YP(1),I=1,NXY),
that define the boundary of the region IR and the associated direction cosines,
(WX (1) ,WY(I)), to determine whether the point x,y is within the region. The
nunber of boundary points NXY is extracted from the array of pointers NP. If
the point is within the region the signal IFL is set to unity; otherwise a zero
is returned to FIND. )

a) Called from: FIND

b) Subroutines called: None.

4.4 Data Retrieval for Ray Tracing

[

The data retrieval for the terrsin model is under the control of the
executive of the ouverlay system and is discussed in Section 5. Since the pt6~
cessed terrain data file is the third data library on the 10B, retrieval con-
sista in porsitioning the IDR (SUBROUTIND TERRET) and reasing the nine records

into memory (SUBROUTINE INTER).
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5. THE IMAGE GENERATING SYS.EM

5.1 1Introduction
The components of the image generating system h- been listed in Section
1.6, but the list will be repeated here for ease of ru.erence:
a) For each of the four geometry models, the ray-tracing mcdule
which produces an unshadowed image of the subject geometry.
v) For each of the four geometry models, the ray-tracing module
wi.ich shadows, with the subject geometry, a previcusly gener-
ated block format image on the user designated tape unit IMFI,
c) A scene setting module corresponding to the old CAMERA module
and performing similar input reading and processing functions
for shadow runs as well as for image gensrating runs.
a) A data retrieval module whose components and functions have
been described in Section 2.
a) A moaule (PPOGRAM CONV) for converting a block format image to
a string. format image.
£f) A module (PROGRAM MERGE) for merging two block format images.
g) An executive whose function is to read option cards and, in
response to these option cards, to invoke the sequence of
selected runs, while providing through the data retrieval
moduie, the necessary input for each run. .
Of the thirteen components named above, only the data retrieval module
(a) and the executiva (g) are completely new, The vegetation ray tracing of
(a) and (b) are complete revieions of the old model as described in Section 1.2.
The terrain ray tracing of (a) and (b) contains relatively minor rovisions as
drgcribed in Cections 1.5 and 4.3, For all the modiles of (a) and (L), input
and output have been altered to read input data from the data base and to

output the block format image on a user designated logical unit IBFO,.
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A basic change in the modules of (a) allows block~by-block merging of
the image being generated with a previously generated block format image lo-
cated on the user designated logical unit IBFI, which, if set to zero, will
inhibit the merge. Thz camera-to-object distances for the points of a block
of the established image are used to initialize the maximum search distances
for the corresponding rays of the current image. Thﬁs, there is a dual ad~-
vantage in this procedure: increased efficiency of ray tracing as well as
reduced I/0 in the generation of a composite imayge.

All of the modules involved in the reading and writing of block format
images have been altered to conform with a change in format introduced to re-
duce I/0 time., The change in the format of the block format image file in-
volves the second of the two records which are written for each block of the
imaqel. Formerly this record contained, for each "non-sky® point, four words:
an identifier for location of the point in the block, and‘the product of the
camera-to-object distance with each of the components of the object normal at
the point struck., These last three words are now-packed into a single word,
thus substantially reducing the length of the file for a complex image. Changes
were thus required in the old PICTUR program cf the modules of (a) and in the
gld SHADOW program of the moiules of (b)., In addition PROGRAM CONV and PRO-
GRAM MERGE were modified.

The scene getting components of (c) are deriQed in part from the old
CAMERA module and in part from the old SHADOW program. One function is to
read, proecess and store those lnput data which are common to tha elements of

a acenes camera location and direction, focal length, image dimensions, grid
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characteristics o;. for shadow runs, source type, scurce direction and so on.
A second functica is to determine the ground plane limits for retrieving the
trees wrich appear in the scene. On the other hand the data which are pecu-
liar to the geometry model are read by the managing routines of that model:

picture number, location and scale factor for targecs ws :..ete. vagter limits

for image generation or shadowing.

The remainder of this section will be devoted tc a discussion of the execu-
tive (Section 5.2), a description of the overlay structure (Section 5.3), a
description of new subroutines of the system (Section 5.4), and finally, a

uger's guide with input description and logical unit assignments (Section 5.5).
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5.2 The Executive

The executive’can best be described in terms of the flow chart of

Figure 5.1 and a glossary of program variables which will be given here:

ipB the logical unit (set to 1) on which 'the data base
resides.
IPD the logical unit (user input) which is to be used to
- transfer selected data between the IDB and the data

organizing programs, (PREPAR) of the vegetation

modules.

This variable is also used ag a flag for

the scene setting elements: zero for image runs and

unity for shadow runs (ISAVE=l).

IA Hollerith data supplied by the user on the first

option card.

the following tabla:

Sets the value of ISAVE according to

1A ISAVE Path
- ICAM 1 set scene
IGEO 2 + generate an image
ISHA 3 shadow an image
ICON 4 convert an image
MERGE 5 merge two images
IEND 6 rewind tapes and STOP
1B Hollerith information, supplied by the user on the first

option card.

Sets the value of JSAVE which selects among

the four geometry models for a geometry run (ISAVE=2 or 3)

and may serve to warh the scens setting preogram (ISAVE=l)

that a vegetation run is contemplated.

1B
1CG

INDT
IVEG
ITER

JSAVE

& w N
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IBFI

IBFO

Isvl

181,182

JPIRST,JLAST

+

Generic name for an input tape, integer value supplied
by the user on the second opticn card. For an image
generating run, IBFI may be zero, or it may point to a
block format image with which the current image is to

be merged as it is generated. For a shadow run IBFI
desingates the unit of the image to be shadowed. For

a CONVERT run, IBFI designates the unit of the image

to be converted. ReaZ as IF(1).

Generic name for the output tape unit, uger supplied,

for any run; must be non~-zero for ISAVE=2,3,4, or 5.

Read as IF(2), except for ISAVE=5, wiiere it is read as
Ir{3).

Generic name for a "save” file, If I8V1 ¥0, the output
on IBFQ is copied to [3Vl, file number NFILE and a
printout identifie the image, the unit and the file,
Read as IF(6), if 15V is different from previous value,
NFILE is set to zero and advanced by unity just prior

to copy. For IA=IEND(ISAVE=6), IF(I) gives the sequence
of save files for rewinding.

Generic names for units of two bl?ck format images to be
merged (ISAVE=5), Read as IF(l), IF(2). 1IS1 may also.bc
used to identify a target or net by sequence number
{ISAVF=2,3; JSAVI=1,2). Then ISl is read as IF(4).

The first and last indices of tree models to be processed
for a vegetation run, image or shadow. Read as IF(4) and
IF{5). Default values (if either iw zero) are 1 and 12
respectively., The corresponding treo identifiers arae

given in Section 2.1.
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FIGURE 5.1.
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FLOW CHART OF THE SYSTEM EXECUTIVE

CALL CAMERA
(OVERLAY (1,0)

|

(OH— ;
rd
NPILE=0
IDB=1
READ IA, IB, IPD
Y
IA = IAOPT(ISAVE)
EXTRACT ISAVE
= >
ISAVE:1 READ IF(I),I=1,6
212 .
\ ISAVE: 6
5 N
IB: IPROG (JSAVE) ‘
i IBFI=IF(1) ITP=1F (1)#0
EXTRACT JSAVE IBFO=IF (2) REWIND ITP
IS1=1F (4) ISV1=IF (6)
] J
q < J (53]
> .
ISAVE:1l ISAVE:4
¥ (2 or 3) l/
-
: A IS1=IF(1)
JSAVE:3 P> G) A4 1s2=(F (2)
IBFO=1IF (3)
CONVERT MERGE IS1,IS2
IBFI TO ONTO IBFO
‘( f STRING
FORMAT ON
CALL DATRET 1BFQ

(QVERLAY (2,0))

\’,

CALL IMAGE CR
SHADM MANAGER TO
GENERATE I1IBFO

7
©
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FIGURE 5.1. Continued

A4

JFIRST=IF (4)
DEPAULT=1

JLAST=TIF (5)
DEFAULTw12

CALL INPIC

|

JTY=JFIRST

™~

7’
\

CALL DATRET
(OVERLAY (2,0))
CALL PREPAR
(OVERLAY (3,0) for

or images)

(OVERLAY (4,0) for

shadows)
Generate image shadow
NFILE=NPILE+1l

COPY IBFO to ISVl

y

JTY: JLAST

i)

K]
JTY=JTY+1
IBPISIBFO

- Check
7] IBFO vs IP(2) _7®

¢
v

* JTY assumes only even
values for shadows.

15V1ii0
l

0

Y

NPILE=KFILE+1
copy IBFO to ISVl
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Thus, on the first option card, the user selects a given type of run
{ISAVE) and, for geometry runs or a scene setting run, a specific geometry
(JSAVE). He must also select a value of TPD on this card for two cases:

a) A scene-getting run (ISAVE) for images requires IPD=0;

for shadows I1I¥D=i.,

b) A vegetation image or shadow run must have a non~zero value

of IPD.

On the secona option card, required for ISAVE>l, the user selects logical
units for input and output and (possibly) for a permansnt storage file. For a
geometry run for CG targets or nets, he also specifies a sejuence number for
the particular target or net. For a geometry run for vegetation.he may specify
a first and last index for tree models to be jrocessed.

Vegetation rung, image or shadow, are handled differently from . c.iir
geometries, Because of the different tree models which may occur in a given
scene the vegetation run is perfornna in a loop on tree model sequence number
(see Section 2,1 for correspondence of sequence numbers, tree type numbers and
model identification numbers). The user may leave control to the program by
leaving IF(4) and IF(5) blank. This will invoke a complete get of vegetation
runs, i.e., all sequence numbers found for this acono- will be run for images
and all g!gg sequence numbers (low resolution nodel)‘will be used in shadowing.
Or, the user may control the run in one of two ways: 1) he may, as mentioned
above, select a first and last sequence number for a single exhaustive run, or
2) he may opt for several runs with selected models. C(learly the decision will
be based on the user's knowledge of the forest library and the scene limits,

Tﬁe executive calls eleven érimaty overlays whose main programs are given
in the next sub-section. The subroutines called by the executive and.reaiding
with it in the main overlay are INFIC (for reading geometry depende:t lemera

dava) and COPYIT (for saving intermediate output on taps or disks).
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5.3 Description of the Overlay Structure

The overlay, structure for the system is depicted in the block diagram
ot Figure 5.2. Each overlay is represented by a labeled box which contains
a list of subroutines headed by the main program of the cverlay. The input
and output units are shown on the aliernate block diagram of Pigure 5.3.

A few words should ke 3aid about the sub-program names to aid in identi-
fying similar programs in different overlays, IBM overlay procedure will not
maintain identical names in differeat overlays. The action would be to
move the first such module to the next lower level and to eliminate succeed-
ing routines of that name. Hence the method adopted here was to rename in a
manner suggestive of the overlay function while retaining enough of the generic
name for easy identification. Thus the modules PICTUR, NTPICT, HPICTU, LPICTU
are almost identical but serve to generate, respectively, combinatorial
geometry images, net or terrain images, hign resolution vegetation images and
low resolution vegation images.

The main overlay (0,0) of the system containg the executive, PROGRAM
TRAFFIC, its subrcoutines INPIC and COPYIT, and several other subroutines which

are used in several brancher of the system., Card input is read by TRAFFIC and

INPIC. . :
Several branches of the program terminate with the primary overlay:

(1,0) the scene-setting overlay, main program CAMERA. Cards
are read by CAMERA.

(2,0) the data retrieval overlay, main program DATHET., The
data base is positioned for later reading or is accasged
for selection of data to be output on the IFD.

{3,0) the forest organizing overlay for images, main program
PREPAR. The 1PD is read by PHREPAR and the forest data
ordered by imaga block in records of 200 trees, output
on TAPE}. The output TAPE1O contains information to
order trses by distance from the camera. Scratch tapes

11, 12 and 13 are used,
42
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FIGURE 5.3. BLOCK DIAGRAM OF OVERIAY STRUCTURE SHOWING
INPUZ AND OUTPUT UNITS

(1,0)
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‘. (201 — D
g PROGRAM

é DATRET

(3,0)
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PROGRAM TRAFFIC

| (4,0)

PROGRAM . (IBFI
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(shadows) | @
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o
S (5,1)
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9 ’5,0) PROGRAM PICTAK
g PROGPAM CG FXEC (images) —@GFo D
s Routines conmn‘
to CC images (5,2) —
E and shadows - @
PROGRAM SHADOW @

(6, 1) -
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PROGRAM NTEXEC PROGRAM CAMNET _._.®
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to net and
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PROGRAM LANSCP

;
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FIGURE 5.3 Continued
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(4,0) the forest orjanizing overla; for shudows, main pro-
gram FREPR. The 1PD, contai.ing fcrest A.la and
local tarrain normals, and the IBFI (to he shadowed)
are read by PREPR to determine whaether the tree
shadow vclume intersects thae objact volume for a
giver. block. Output %apes 3 and 10 are similar to
those frcwm PREPAR, except that the distance array on
TAPE1C is replaced by distance limits of the shacdow
volume along the ray. Scratch tapes 11, 12 and 13
are used.

(11,0) the primary overlay for vegetation shadows, main
program MADOW. MADOW reads cree model data from the
IPD, and calls the routine VSHAD (equivalent to the
old SHADOW program) to generate shadows for the trees
represented on tapes 2 and 10. Only the low resoiu-~
tio# model ray tracing is implemeuted for shadows.

(12,0) the conversion over.ay, PROGRAM (ONV, reads IBFI and
writes orn. IRFO the string format versiua of the input
block format image.,

(13,0) the merge overiay, PROGRAM MERGE, reads and merges two
block format images on I8l and 162 and writaes the re~
sult on IMBFO,

The other branches of the program tarminate with one of two altecnative
pecondary overlays. In genaral the primary overlay corntaing a manager, for
discriminating between the two secondarias for satiafying a particular option,
and rnost of the routines that are common to the two options served. Each
secondary overlay contains the routinus peculiar to its nission and the main

program for that mission. The method of branching was chosen to maximize the
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number of ccmmon subroutines in the pri
repetition of programs.

run for one of the geomefry models. Each such branch reads some card data

-

mary overlay and hence to minimize
-

A complete branch is either an image run or a shadow

(transaction vector and scale for targets and nets, picture number, raster limits

and geometry data from the data base and may use an IBFI as an input tape.

put is a block format image on IBFO.

{5,0)

(5,1)

(5,2)

{6,0}

(6,1)

{6,2)

(7,0)

the primary overlay for Combinatorial Geometry
images and shadows, main program CGEXEC. CGEXEC

is the manager which discriminates between images
(5,1) and shadows (5,2) on the basis of the value
of ISAVE (2 for images, 3 for shadows).

the secondary overlay for CG images, main program
PICTAK.

the secondary overlay for CG shadows, main program
SHAIDXM .

thenptimary overlay for camoiiflage net aad terrain
imager, main program NTEXEC. NTEXzC is the manager
which determines whether to call for a nat image
(6,1) (JSAVE=2) or ?or terrain image (6,2) (JSAVE=4).
the secondary overlay for net images, main program
CAMNET,

the gecondary qverlny for a terrain image, main

proqgram LANSCP.

. the primary overlay for camouflage net and terrain

shatiows, mein program NTSHAL,  NTUHAD discpisanacangs
bLetween net shacows (10,1), LISAVES2), and tecrain

shadows (10,2), (J5AVE=4),
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\7,1) tiie secondary overlay for net shadows, main program
NGIAD (based on SHADOW) .

(7.,2) the secondary overlay for terrain shadows, main
program TSHAD.

{10,0) the primary overlay for vegetation images, main program
MAMACE. MAMAGE calls the apprcpriate seccndary overlay
for a high resolution model (10,1) or for a low resolu-
tion model (10,2).

(10,1) the gecondary overlay for high resolution tree images,
main program VFICT1 (old PICTUR).

(10,2) the secondary overlay for low resolution tree images,
main program VPICT2.

5.4 Descripticn of New Routines

This material will be organized more or less by overlay and program
branch. We start with the main overlay, referring the reader to Section 5.2
for the description of the executive.

Other new routines of the main ovarlay are:

BURROUTINE THPIC

This routine reads, processcs and stores qao-.try-dep.ndant camera data

for image generation: picture number, location and IC?IC of a target, raster

limits for image scanning.

e) Called from: TRAFPIC (for veqetaticn), PICTAK,
CAMNET, 1ANSCP,

b) Subroutinas called: None
SUBKOUTINE IHPV
This rout tne reads, procevises and ntores geometiy-dependent data for
vegqetration shadow qenaratiount picture number of shadowing geometry, location
arvd scale of whadowing geomatry, ravter limits for whadowing.,
a) Callad from: TRAFTIC

b) Subroutines celleds None
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SUBROUTINE COFYIT (TPl,TP2,ISIG)

For ISIG=0, COPYIT copies & block “ormat image on TP1 to TP2. For ISIG=I,

COPYIT copies a string format image from TPl to TP2.

a) Called frcm: TRAFFIC
b) Subroutines called: None
In OVERLAY (1,0) the following subroutines are new or revised:

PROGRAM CAMERA

This is a revised version of the old program, and is flow charted in
Figure 5.4. A "CAMERA run” is an option which must be invcked before a se-
quence of image runs and before a sequence of shadow runs. If a vegetation
run is contemplated in either seguence, the program parameter IB must be.set
to IYEG (see Section 5.,2). Then JSAVE will be set to 3 by the executive. JTY
{read as IPD on the first option card) is zero for image runs and unity for
shadow runs. For JSAVE=3 and any JTY, camera data (position, direction, focal
depth, focal plane dimensions, grid specifications) must be available and is
read and processéd by CAMERA before the ground planp limits for vegetation are
determined by SUBROUTINE COVER. For JSAVE¥} and JTY=0 the camera data are
read and processed, but nothing further is done For JSAVE#} and JTY=), no

camera data are needed, but sun data (source typc'parameter and dirxection of

a monodirectional source or position of a point source) are read.

a, Called from: executive, as SUBROUTINE CAMERA for
IBM and as OVERLAY(1,0) for CDC.

b)  Subroutines calied: ANGLES, COVER, SHALAT
SUBROUTINE COVER

This routine is called by CAMERA, if IB=IVEG, to find four corners of a

ground plane (sea leval) trapezoid which is to be the search arca for troes




FIGURE 5.4. CAMEKA: The Scene Setting
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for the current Ecene. COVER calls INDEX to find the direction cosines of
limiting rays and thus establishes corners as intersections of these rays with
the ground. A corner will be at infinity if its ray does not strike the ground,
If all four corners are on one side of the vertical plane through the camera
facing the scene, the near corners are moved to that plane along the sides of
the trapezoid. Some parameters are stocred for the search process.

a) Called from: CAMERA

b) Subroutines called: INDEX

SUBROUTINE SHADAT

Called from CAMERA if JTY=1, SHADAT reads sun data.

a) Called from: CAMERA

b) Subroutines called: None

The routines of OVERLAY(2,0) have been descriked in Section 2.#.

The routines of OVERLAY(3,0) and OVERLAY(4,0) have been described in
Section 2.3. -

In OVERIAY (5,0) only the manager is new. The input reading rdutines GENI
and GROX have been altered to read card images from the data base.

PROGRAM CGEXEC

This is the main program of OVERLAY(5,0), which contains the routines coummon
. to CG image generation and shadowing. CGﬁXEC receives the option flag ISAVE
(=2 for images, =3 for shadows) through common and calls the appropriate second-
ary overlay. ‘ - 7

a) Called from: executive ‘as OVERIAY(S5,0)

b) OVERLAYS called: (5,1) for images and (5,2) for shadows

OVERLAY (5,1) contains the routines speclfic to (G imaga generation, main
program PICTAK. PICTAK, the old CG image mnnnqét, has been alterad to call INPIC

and to read card images from the data base. The SUBROUTINE PICTUR has been al~
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tered to allow merging of the image as it is generated with the block format

image on a user designated ILFI,
OVERLAY(5,2) co:itains the routines specific to CG shadowing, main program
SHADOW.

PROGRAM SHADOW

This is a revision of 0ld PROGRAM SHADOWI to remove reading of universal
sun and camera data (now done by SHADAT and CAMERA) and to shadow the image on
IBFI and output, the shadowed image on IBFO. This SHADOW reads geometry de-
pendent card input: picture number, origin and scale of geometry, and raster
limits for shadowing.

a) Called from: OVERLAY({5,0)

b} Subroutines called: SETGM, SHATES, REED, WRIT, TESTI

In OVERLAY (6,0), which containg routines common to camouflage net and ter-
rain image generation, only the manager is new. The names of routines used in
other parts of the system have been changed to satisfy the IBM requirement of
unique naming. The old name is preceded by "NT® and the whole truncated to six
letters. (PICTUR replaced by NTRICT, etc.).

PROGRAM NTEXLC

This is the main program of OVERLAY(6,0). It.rocoivac the flag, JSAVE,
through common, and decides between camouflage notl (OVERLAY(6,1), JSAVE=2) and
terrain (OVERLAY(6,2), JSAVE=4),

a) Called from: executive

b) Overlays called: (6,1) for camouflage nets, (€,2) for terrain.

OVERLAY (6,1) contains the routines specific to camouflege net image gener-
ation, main program CAMNET. The old CAMNET has been altered to call INPIC and

10 accapt the input for restart option nuaber 5 from the duta bhage.



SUBROUTINE INSTAL

This routifie reads the previeusly processed net data from the positioned
data base (instead of the old restart tape} and then rewinds the data base file,

a) Called from: CAMNET

b) Subroutines called: None

OVERLAY {6,2) containg the routines specific to terrain image generation,
main program LANSCP. All routinei are new.

PROGRAM LANSCP

This is the manager program for terrain images which calls the various
.
subrbutines in sequence.
a) Called from: NTEXEC (as OVERIAY(6,2))
b) Subroutines called: INPIC, IKTER, NTPICT.

SUBRCUTINE IRTER

INTER reads the nine records of procassed terrain data from the data base
and revinds'tho data base.

a) Called-from: LANSCP

b) Subroutines called: None

SUBROUTINE TFIND

This is the terrain version of FIND which is described in Section 4.3.

SUBROUTINE LOCAL

.

This routine has been described in Section 4.3,

OVERLAY (7,0) contains all of the routines for camouflage net and terrain
shadows. NTSHAD is the main program and is identical to _tho PROGRAM SHADOW de-
scribed for OVERLAY(5,2). Only the data reading routine, SETGM(1l) has been

changed,
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SUBROUTINE NSETGM

.

This is the camourlage net version of SETGM. It reads processed data from
the positioned data base rile and ccmputag and stores some parameters for ray
tracind.

a) Called from: NTSHAD

b) Subroutines cslled: None

SUBRCUTINE TSETGM

Tiis routine differs from NSETGM only in the nature of the reads from the
positioned data base. For shadowing by torﬁin, ouly tha first fcur records
of processed data are needed.

a) Called from: NTSHAD

b) Subroutines called: Ncne

OVERIAY (10,0) containg all of the routines cowmon to high resolution and
low resolution vegetation {mage generation, with the exception of the old SUB-
ROUTINE PICTUR (see discussiocn of secondary overlays). The main program is
MAMAGE. Many of t;m ray-tracing rollises sis Do but have not yet bzen documented,

PROGRAM MAMAGE

This program reads the tree model data into memory from the IPD, idantifies
the model as high or low rosolutlén and calls the proper overlay for ray tracing.

a) Called from: executive, as OVERLA (10,0) °

b) Overlays called; (10,1), (10,2)

OVERLAY (i0,1) contains, as msain program, the revised and renamed subroutine
PICTUR, called here PROGRAM HPICT. The subroutines HRAYT2 and HRIGID are respect-
ively, the subroutines RA.Ym and RIGID for high resolution ray tracing.

OVERLAY(1N,2) containg, as msin program, the revizad and renamed subroutine
FITTUR, called here PROGEKAM LEICT. 1he aubroutines LRAYT2 and LRIGCID are, re-
spectively, the subroutines RAYTTR2 and RIGID for low resolution ray tracing,

OVERLAY (11,0) contains all of the rcutinea for shadowing by a low resolu-

tion model of a tree. The main program is MADOW,
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PROGRAM MADOW

This program Yeads the tree model data into memcry from the IPD and calls
the routine, VSHADO, which governs the scanning of the image being shadowed.
If it proves desirable, in the future, to introduce the hLigh resolution modsl
for shadowing, this is the appropriate routine to use as a manager to disting-
uish between high and low resolution ray tracing.

a) Called from: executive, as OVERIAY(11,0)

b) Subroutines called: VSHADO

OVERLAY (12,0) is the old PROGRAM MERCE, described in reference 1, and re-~

vised to read from the user designated filea IBFI and IS1 and write the output
on a user deeignated file IBFO.

OVERLAY (13,0) is the old PROGRAM CONV, described in reference 1, and re-
vised to read and convert the user designated file IBFI and output the result
on the user designated file 1BFO.

5.5 Input and Logical Unit Asgigmments for the

Image Generating System

The card input to the image generating system is of two kinds: 1) option
cards, two for each option that ‘s invoked, except for the camera option, which
requires only one, and 2) card input for scene setting, specific to each option,
Option cards are read by the executive and are used to select the program and
to designate logicai units for input, output and perl;amnt storage. The other
card input is read by some subroutine called by ths selected program.

The followlng logical unite are permanantly auii';néd to input SF o &
program and should not be used slsewhare except with great caution and knowledge

of the system:

TAPEL assigned to the data base; should never bs used elsewhere.
TAPE) used by the forest data organizing overlays, (3,0) and

TAFE1Q (4,0), these tapes should not be used elsewhere during a
TAPELL vegetation run,

TAPEL2

TAPR1)
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Any other units named in the program card of PROGRAM TRAFPIC are at the dis-

posal of the user, as described in Section 5.2 and in the input description

which follows:

OPTION CARD NO. CONTENTS FORMAT
1l IA, 1B, IPD (A4, 6X, A4, 6X, I10)
(see Section 5.2)
2 IF{1), I=1,6 (6110)
(see Section 5.2 and
below)
IA=ICAM

There are three posaibilities:
1) IPD=0, any I® - camera cards are required,
2) IPD=1, IP=IVEG - camera cards and sun cards are required,

3) IPD=1l, IBYIVEG -~ sun cards are required.

CAMERA CARD NO. CCNTENTS FORMAT
1 Cp, CD, IOPT, NO {6r10,5x,215)

- Cp!3) = rcamara position
CD(3) = camera direction
I0PT=0)
aiming point
(I0PT=1)

NO = initial ray
spacing in grid
points (default 8)

2 FD, LEPP, FPOrF (5710.0)
FD = focal length
LEFP(2) = vertical and
horisontal di-
mensions of focal
plane

3 MAX (215)

MAX (2) = mpaxinum nunbar
of raster points
vertically and
horixontally




SUN CARD NO.

IA=IGED

IF (1) 0

= IBFI

IF(2) IBFO

IF(6)

0
= ISV1
b) IB = ICG or INET

IF(4) = ISl

c) IB = IVEG

Ir{l) = 18r1

Ir(4),Ir(5)

irPD

1 IFLA, DS, WSS

{5%,1I5,4F10.0)

IFLA = gource type flag,
= 0, plane source
= 1, point source

D3 = clearance distance from
imrge {for IFLA=0)

WSS (3) = direction from image to

source (IfLa=0) or location
of point aource, IFLA=1,

a) Any geometry (any IB) will require the following:

no input image for merging
logical unit of input image
logical unit of ocutput image
don't save intermediate output

copy IBFO to 1SVl

ordinal number of target or net

in target or net file.

if IBFI was O-for first tree model
image, then iF(J) is the output file
for the cumulative image with the
sacond tree model, IBFI and IBFO wiil
alternate under program control.
JPIRST, JLAST, first and last tree
mdals to 2e run, see Section 5.2.

nust be specified.




d) All image generating runs require the following cards:

1AGE CAED NO. CUiITENTS PCRMAT
1 IPIX = picture number (I10)
2 CEN, SCF (4F10.0)

CEN(3) = locati~~ of geometry
origin in the real worid

SCF = gcale factor

3 blank card
4 ISTFT, IEND, JSTARY, JEND (415)

vertical and horizontal raster
linits for this image,

IA=TISHA
a) All shadow runs (any IB) require (see IA=IGEO, above)
IF (1) = IBPI
IF(2) = IBFO
IF(6) = 0 or ISVl

L} I8 = ICG cr ILET

IF (4) = ISl
c) IB = IVEG
IP(4), IP(S) JPIRST, JLAST
IPD must be specified.

d) Ali shadow runs (any IB) rxequire the same c;rds ag image runsg, except
for the blank card. It should be noted, however, that the raster limits here
should cover the expected shadow area on the image being shadowed and will, in
gensral, be different from the limits for the imajge generating run. 1PIX refers

to the whadowing geometry und is not used except for identification on printout.




IA=TCONV .

a) IB and IFD are irvelevant to conversion runs,
b} Conversion runs reqiire

IF(l) = IBFX

IF{2) = IBRFO

¢) The following additional cards ara required:

CCaVERSION CARD NO. CORTENTS FORMAT
1 NPICT, ICV, ALF, WS(3) (2110, 4F10.0)

KPICT = highest value of IPIX

ICV = £flxgs <0 printerx
display only

= O digplay +
tape output

>0 tape output
ALF = fraction of llght
from sun; remainder,

eky light

WS(3) = vector pointing toward
sun

Card 1 is followed by NPICT groups of cards:

CARD NUMBER CONTENTS . FORMAT
1 NRS . (110)

NrE « numbar of regions for
this picture number
(=0, for abseat picture)
2 NCOLOR(1), Is=l, NRS - {1015)

user supplied color number
versus region for this picture
numbaer,

L ]
Card 2 supplied only for non-zero NRS,
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T
L=t RG

ajl

c)
IA=TEND

a)

IB and IPD are irrelevant to merging

Merging requires:

IF(1}) = ISl logical unit of firat input image
IF{2) = i52 logical unit of second input image
IF(3) = IBFO logical unit of output image

No additicnal cards.

(IF(I),I~1,IMaX) are logical units being used to save output. The

named files ara rewound.
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6. DEMCNSTRATION OI° THE SYSTEM

-

All of the major options cf the system have been exercised successfully

in test problems devised by MAGI. In addition, a large scale demonstration
of the terrain and vegetation capabilities of the system, as specified by the
government, has been executed. The resultinq photograph is displayed in
Figure 6.1.

The production steps leading to this photograph include the eatablish-
ment and incorporation into the data base 2f the terrain library and the
forest library for a task site described by the government. These steps will
be discussed in Section 6,1 and 6.2, respectively, The data for image genera-
tion, shadowing and color determination will be discussed in Secticn 6.3.

The phitograph of Figure 6.1, at a resolution of 650 x 1300 raster points,
required three hours of computing time on the IBM 360/65 = well within the pre-
dicted times. The corresponding time for the CDC-66C0 is about one hour. At
this regolution, and seen in full color (which unforcunately is not éossible
in this report), tge photograph ia of gsurprisingly qgood quality and displays a
realism beyond our expectations,

It must be concluded thai the code system described in this report con-
tains all of the tecinology roqnit@d to produce, with reasonable manpower,
and in reasonable computing times, high quality realistic photograpts of large
scale tercestrial ascenes. The degree to which the data base and resulting
photographs will represent an actual rest site will bDe limited largely by
the input dencription of that utie.‘ |

6.1 Tarrain Descciption

A square area, 1400 kilomaters on a aida, was selected Ly the qovernment,

and & turrain desciiption was provided in the foliowing form
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Figure 6.1

| . =" . iy e ..

A Photograph of the Simulated Test Site




a) Elovation values, in feek, frﬁm an elevaticn map, for
92 poin;s. A few of these are plottad in Figqure 6.2,
for reference. The rest are given in Table 6.1.

b) A few country roads, produced from memory. These are
also plotted in Figure 6.2,

c) Several ground-to-ground photographs of the area, which

were to provide sowa feeling for color boundaries and
colors.

Ideally, the raad descriptions and color information shculd come from a
single overhead photograph, with known camera position and with a couple of
landmarks to tie the photograph to the elevation map.

Since such a photograph was not available, color boundaries were selected
by MAGI to provide a mix of sandy and grassy areas simi.ar to that of the
available ground-to-ground photographs. These boundaries are indicated in
Figure 6.2 by dashed lines. It was intended that these areas be more sandy
than the rest of tﬁe regiona) henﬂe saveral of them wera AdArawn from points
of high elevation doén to points of low elevation, i.e., to behave like "wash-
outs”, One of these reqgions, namely that marked 12, was represented as a
wide road, rather than as :n expltéit color‘ﬁoundary.

Theae data pressed the limits of the arrays and ‘the terrain installation
code and the terrain ray-tracing codes, However, the computer time -onsumed
by the installation (PROGRAM INSTAL) was less than thres minutes on the IEM
360/65, correu[xdvltng to 1&35 than a ninuti on‘the CD& 6600, |

6.2 Tree birtribution

The bourddarism of forrusted arecas, geveral lines of trees and several in-
dividual traes wera specified by tha government, as shown in Flqure 6.3 and
Table 6,2, Twno troe tyjoy werw desfignated the pine and the cak tree ~ and
the required means, variances and densities were provided by the government

ae desoribed in Section ) of this report,
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Table 6.} Terrain Elevatdon Table
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Table 6.2

Tree Data For Figure 6.3

REGION TYPE

Individual
Individual
Individual
Individual

Boundary

Line
Line
Boundary
Boundary

Line
Boundary
Boundary
Boundary
Line
Line

Line

Boundary

Boundary

Line

bBoundary

" poundary

bBoundary

TREE TYPE

21
21
21
21
11
21
11
11
11
11
21
11
11
11
il
11
11
11
21
i1
21
11
‘2
11
i1
11
11

67

NUMBER

e

260
210
113
32
82
21
los
205
24
109
421
42
13
40
35
39
9
17
12
29
14
40
52

“(mweters)
i7.1
14.8
13.1
16.4

2.5 - 7.5
9.6 ~14.4
2.8 - 5.2
0.5 - 1.5
0.5 - 1.5
2.0 ~ 6.0
2,5~ 17,5
6.3 - 7.7
1.3 - 1.7
6.3 -~ 7.7
7.2 - 8.8
7.2 - 8.8
6.3 - 7.7
1,2 - 4.5
1.6 - 6.0
1.0 - 1.9
1.5 - 2.5
1.6 - 2.4
2.0 ~ 3.0
6.4 - 9.6
7.0 ~13.0
4.0 - 6.0
2.8 - 5.2
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Again, an overhead photograph pould have served to provide these inputs
for the forest generator more reliably than is possible frce memory.

PROGRAM FURGEN produced sowmething more than 2000 tree boxes in about
a minute of computing time on the IBM 360/65. A printer plot (elongated) was
provided by the program PLOTFR and is shown in Pigure 6.4.

6.3 The Photograph

The camera position and direction were selected by the government and
are shown in Figure 6.1 as CP and 66, respectively., The pogition is near the
top of a sharp rise (x=450 m, y=1200 m, z=67.5 m) and the direction is slightly
below the horizontal (about 5°) and nearly coincident with the negative y
axis (CD = (+ 0.1, -0.99, -0.1)). The sun was placed behind the camcra with
rays at an angle of 45° with the vertical and along the y-axis.

The field of view was of half-angle 22.5° in the vertical direction ard
half-angle 45° in the horizontal direction. Since, the required resolution
(650 x 1300 raster points) exceeded the system limits of 1000 raster points
in vither <iixf.ac'.'i();'>, the field was dividad down the widdle, and two offsat
images (650 x 650) were generated, These were later combined by a photographic
laboratory.

Table 6.3 is a listing of tr; input required by the image generating
system to produce an image of the right hand field of view. Only one pair of
numbers need by changed (in this case only one nusber) to produce the lett
hand field of view: the offset pair (0,-0.%) must be replaced by the pair
(0.0, +0.5).

The total running-time fgr the shadowed picture has been mentioned already
ag thres hours on thae fIw 160/65. About half of this was neadnd for imaging
vegetation, uomewhzt lesa than a quartsr of it for imaging terrain and some-

what less than e quarter of the time was used in shadowing with the vegetation.
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Abcut ten minutes ?ere required for the eonverlion pass, No terrain shadows
were possible with the sun at a reascnable angle, but a terrain shadow pass
would have added abcut twenty minutes to the total.

In’detault of good information, colors were chosen to be pleasing and
"reasonable”, Use was made of the color-mixing technique4 to give texture to
the ground. All terrain regions and roads were given a reddish sand buck-
ground to whith varying amounts of green were added for the terrain regicns, and
a gmall amount of black was added for roads. The machine tiae required for a
cnlor pass is s few minutes on the IBM 360/65.

Finally, we call attention to the fact that the trees of region B
(Figure 6.3) are not seen in the photograph. These fifty old pine trees
ranged in height from 0.5 meter to 1.5 meters and thus, at the distance of two
hundred to four hundred -ateri, an individual could cover no more thau two or
three raster points. The initial coarse grid on which rays were fired had a
spacing of eight raster points and it was tharefore inevitabla that most or
all orf these umnll,.videly spaced, spocimens should be sissed. Althouyh, ia
this case, most of the trees were too small t0 be seen even if struck, a border~
line cace can be treated in the following way:t the vertical and horizontal
rastor limits of the region 1nvolv;d should be determined and the camera option
of the executive should be invoked with an initial grid spacing of 4, 2 or 1
raster points, followed by the vegetation image option with the above raster
limits., This can be followed by another “camera" run with the coarsar grid

before going on with the othus elements of the picture,
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APPENDIX A - VEGETATION ROUTINES

INTRODUCTION

In addition to the vegetation ray tracing routines in the picturs making
system, there are two stand-alona programs which are used to genarate the
tree data set for the data base, The two stand-alone programs are:

a. A Tree Construction Program which generates a high resolution

data set from card input.

b, A Low Rescluticn Constructicn program which converts the

high rescluticn data set into a low resolution data 3zet,
These two prngrams and the vegetation rdy tracing routines will be described
here, There are many routines in the present ray tracing routines and con-
Qtruction programs that are identical to those routinss in the previous multi-
stage vegetation model, Details concerning these routines can be found in ra-

ferences 1 and 4.
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TIIE TREE (C2*STRUCTICN PROCEAM

The congtruction program is written in six cverlays. Ite primary purpose
is to generate a two-stage data set for an individual vecetation body. 1ha
program requires the same input as the criginal multi-stage model with the
exception of one additional option cazd.. When used in the coanstruction mode,

the program generates a data filie containing:

a, The location and dimengions of all the bodies (cones and leaf
cloud boxes) of the trese in its own coordinate syastem.
b. Thiee dimensional sort of these bodies into a 15 x 15 x 25 cell

structure.

c. The packed arrays specifying the intcrhn] structure of the

lead clouds.

d. Miacellaneocus ray trace data, These data are usad by the high

resolution ray trace programs.

e

[ ]
tor details concerning ianput, sse documentation for the multj-stagys
model,




OVERLAY AOLTINES FUNCTION OF OVERLAY
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{0,0) i Overlay is primarily responsible for calling
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in overlay {(5,0)
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F (0, 1) UNDPACK Jze8 data cenerated Lv overlay (13,0} to
t REDUCE create arrays containing the location and
; poaition of all the bedias in tres. Rou~
Z tines use tle multi-stage data and produce
' the required (wo stage data (TRC data and
leaf c¢loud box dataj
{2,0) ST OUP 2 Uises data generated by overlay (1,0) to jgen-

WEEPAUR
PACEER
THCIAS
YN ARl

BEIONG

N

arate three dimansicnal cell structure, Call
structure data specifies which of the many
bodies are nontasned in each of the celis
covaring the troe : :
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OYERLAY STHUCTURE AND FUNCTICN

OVERLAY ROUTINES FUNCTION GF (VERIAY
(3, TREE deads data describing tree, Genarates ori-
BEDY DAT ginal multi-stage trece data., Data reguired
CorY is ldentical to orisinal multi-stage data
REGT and is read from input
(4,0) WHRITER Prints out all two stags data generated by
overlay (1,0} and ovexriay {(2,0)
(5,0) 1CTUR Contains all the routines necessary for
JLAOUD multi-stage ray tracing. Uses data from
A overlay (3,0) and overlay (0,0) to produce
s block format image tape.
L TEC
(L
GheoM
HOTNOR
GZEAT
LJINT
MiIKK
FINE
KATTRK
RIGID .
1IFILL
INDEX
(6, UATSET Usas data from overlay (G,() overlay (1,0)
and overlay (4,0} to output coaplete two
stage cell structured binary data sat,
m o - vem— o i e —— el
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%(}E!-RCING OF KOUTINES AND DATA FLOW

The labcled diagrams illustrate tha calling saguence for overlays (0,0},
(1,0}, {2,0), (4,0) and (5,0) and the files used by thae program. Owverlay (3,0}
consists oniy of routines responsible for the cgnstruction of the multi-stage

tree, The linkage and data are unchanged and will not be diagrammed, Similar~

1y overlay (5,0) contains only multi~ztage ray trace rcutines and will not be

diagrameed., Further details concsrning the lirkage can be fourd in eariier
documentation,

Note that in the diagrams scue of the data ia deacribed ss data (a}, (b),

{c), or (8). These refer to the two stage cCita as follows:
(a) location and dimensions of all bodies
(b) cell atructqro arrays
(c) internal struct' re of leaf clouds

(d) miscellaneous ray tracs data

DESCRIPTION AND FUNCTIONS OF WEW ROUTINES

loutines marked with an asterisk in overlay (0,0} ag well ag all routines
in cverlay (3,0) and (5%,0) are taken from the original muiti-stage model, THey

are unchanged ant will not be described. ?Plow charts are provided for sslected

routines.

PIOAHAM THLFIVE

TRELRIVE {s main driver program. 1lte only functions are reading the option
card, opaning the films, calling the starting routines, and writing cut some

ntatistics,

17
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SULRGUTINE WrITE2

WHITE2 writes a binary file on tape ] containing contsats of common blocks,
FG, COLR, KD, KLOUD and RAYTR. Thede blocks contain ray tracing information
which are necessary for both the original multi-stage ray trace and new two-

stage high resolution RAYTRACE,

SUBRGUTINES TT (IN) AND TT2 (IN, IM)

These routines simply compute processcor time between various program stens
arnd print out the time with an indicating message.
VARIABLES

IN = Alphanumeric message to be printed

IM - Numeric information in message

SUBROUTINE EQUTV2 (V, H, G, KB, PT)

Computes Ludy Jdaca for smallest KP2 which would coapleteiy contain a Jiven

cone,
VARIADIES
V()) - cone vertex vector
H(3}) - cone height vector ¢
G(2,3) - RI'P data
RB < cone bage radius

RT = cone top radius

:;ltmmtrrmﬁ _/lv T
VAT ba e onent fally anchanged, however, it dee rall varioos cwvorlays for

cell structure constiuction hased upina input option parameters.

8
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PROCEAM UNPAL

-

UHPACK is the main program of overlay (1,0). Data describing the traee is
stored in commann blocks GEOM2, DTREZE, and GEQM4 which were ganerated by ovar-
lay {3,0). The data is stored in the multi-stage format, UNFACK changes the
data intn a tvo stage format.,

In the multi-stage format there are three types of bodieass cones, RPPs,
(lezf cloud), and noxes {containing tha entirety of a lower stage)., UNPACK
corputes the rotation matrix (K;, tranalation vector (\7). &nd ecale factor (D)
that would transform body data for a lower stage pody into the proper "real
world" body data {complete tree reference frame).

Thie transforwation data is computed from the stored "copy"™ data in the
multi-stage arrays. The resultant two stage data which ia produced congists
of the boedy data for each individual cone or box (leaf cloud container) exs
pressed in this single completes tree raferance frams. The internal structure
of the leaf cioud RPP im unchanged. The sntire tree is enclosed in an RPP
with vhe vertsr loceted abl tha coordlnata origin with thae rvsmainder of tha ReP

situated entirely in the positive octant.

Ses flowchart #l

SUBKOUTINE REDUCE (SIZE, NIR) .

' In UNPACK, data for each body is computed relative to a complete traee re-
ferance frame which is in reality stage 51 af the multi-stage ﬂdcl. However,

due to the construction of Lozes over sach 4th u&qc body (done in ovezlay (],0)):,
the covering RPP is larger then is necessary., REDUCE considers all of the boliee
in thw two ataqoe descytption z;nd canpates parameters of the waalloat kP which
woild completeiy contaln all of the bodies, A t,mnuu:lon' of coordinates g

rade w0 that the RPP covering the bodies will still maintain the property of

having one vertex located at ths ccordinets origin.
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VAR{&?LMS
SIZE (3) = SIZE (1) and SIZE (2) are x and y dimensiong of the RPP divided
by 15. SIZE (3) is z dimension of RPP divided by 25,

NIR - 1otal number of bodies in two stage description.

PrOLEAM SETUT 2

SETUP 2 is tre main program of overlay (2,0). The RPP covering the tree
iz subdivided into three dimensional cells so that the entire RPP is covered by
a 15 x 15 x 25 matrix, The body data for each individual cone or box is read
from an intermediate file (TAPE 4) one by one. Thia routine (through its sub—
routines) deteruines which cells of the matrix contain any portion of the ex-
ternal surface of a given body. It thereby generatas an array specifying
which bodies are contained within each cell of the covering matrix, Note: if
any cell is completely containod within a given body, the cell is deemed not
to contain the body (i.m., only external body surfaces are cohsidered). The

routine also packs the cell content information into the words of the cell

structure array.

Rue flowchart #2

80
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SUBRCUTINE BELONG C (YL, IR, V, H, R3, RT, CELL)

BELONG C computes which cellis of the covering cell matrix con;ain any
portion of the external surface of a given truncated right cone (TRC). First,
the sm.allesf RFP which would completely inclose the TRC ia constructed. From
this KPP, one determines the maximum and minimum cell indices for cells which
could have a common volume with the TRC. Cell boundaries are represented by
planes of constant x; y, or z. The intersection of tha cones with each of
the possible cell wall planes is then computad., Tha locus of these intersections
will either be an ellipse or scme portion of a conic secticn connected by

straight lines as shown below:

CEL. WALL PLANES

] Cenic
ellipse ' Section

\, ; —— & Segment
3 & 7 oy (Sides)
. el
\4 , ] \. Base

== B o S e B

\

cell - Intaersection with Intersection with TRC .
boundaries TRC aridm side and Base or Top

Confc Jection
Tasegmonts (Sides)

B MG e amtsmmnnd

Intersection with THC
Hldes, Baas, and Top

1
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within these cell wall planes, there are further interzections with the two
diawnsional cell bouandary lattice and the TS loci as shown onf the previous
d.ajram. All cells whose boundary containa ona cf trhese puint interpections
deemed to contain the TRC,

The routine also packs the words for the appropriats entries in the cell
structure array to reflect that the particular cell contains the given TRC

(exdy number JR).

/AP TABLES
XL (3) - dimensions of cell
IR = body number
V(3) - vertex vector for TRC
H(3) - height vector for TRC
KB - radius of TRC base
4T ~ radius of TRC top

CELL (15, 15, 25) - cell structure array

SUBROUTINE INCLUU (GM, GL)

Routine is called by BEIONG C, Variables GM and GL correspond to values
for a point intersection between a TRC and two dimensional cell boundary lattice
on a given cell wall plane, INCLUD computes the indices of the cells whoae

boundary contains tha point intersaction,

SUBRATTING BTINT (.n%, BB, CB, A, B, CK, K. L, M, GIL, GLI, GMD, GMT)

koutine {4 culled by BELONG C. 1Its function is to determine whether the
TrRC bame or TRC top intersect with a given cell wail plane, 1f either the
basan or tiop doan Sntersect, BTINT alen computaa thg endpointes of the line of

intarsection,
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VARIABLES
IBT - laogical variables which is true when intsrsection occurs.

RB ~ radius of TRC top or bsse (whichever is being considered)

CB =~ gquals either 0 or 1.0 0 -+ base 1.0 + wop
A(3,3) - alements of & matrix satisfying i Aijxixj = R(t} C<t<l
which represents outer sur®ace of g
cone sides. Note t = ¢ * base t =10+ top

B(3) - coefficienta describing base or top plans,

GK, K, L, M - set of parameters descriking cell wall plane.

Kwl, L=2, M= 3 constant x plane at x = GK
K= 2, L=3 Me ] constant y plane at y = GK
K= 3, L=]l, M= 2 " oonstant z plane at z = GK

(GLO, GMO); (GLI, GMI) -~ two end points of intersecting line

SUBROUTTHS BELNG B ¥, Hl, H2, H), CELL, WCTLL, TBRS, NI, X¥I)

BELONG B computes which cells of the covering cell matrix contain wny
portion of the external surface of a given box (lsaf cloud container). Again

the boundaries of cells are rcptehmtod by planes of constant x, y, or =z, The

intersection of any box face with thess planes are lins segments, The routine

comput.es these line segments (irciuding their end points) for each of tha
possible cell wall planes. Point intersections of the Cemaining cell wa.l
boundaries (the wwo dimensional lattice of cell boMtiu i;nwuoh cell vr\u’
plane) with the box plane line segments are then computed. Any call whose

boundary contains therae point intergections are Jdewned to ocontain the Lux in

quant fon,

83




guBe~rrin L8 (x, Y, 2, TIX, JI3, CELL, XL)

Routine is called from BELONG B. Variables (x, y, 2z) correspond to
values for a pcint intersection between a box face and the two dimensional
cell houndary lattice on a given csll wall plane. INCIUB computes the in-

dices of the ceil whose boundary contains the point intersection.

SUBEDUTINE PACYER (K, I, J, IR)

1f more than 4 bodies are contained in any cell, it will require more
ttan one word to list the body numbers. PACKER temporarily stores theide body
nuberg on randcm mass storage (RMS) disk,
VARTABLES

K - cell number 1<K<5625

I - present contents of cell array

J - number of bodies in cell

IR~ body number

SUBROUTINE REFACK

Por all cella containing more than 4 bodiu, body number is stored on
RMS. After all bodies have bean considered, subroutina BRERPACK recalls the
data and packs the words of the coll arrasy (Cell (15,15,23)) and packs the

ovarflow data in an addition arrav (Cell 2).

PIOGIAM [ATSET
Routine reads information from thres files (TAPE], TAPESL, and TAPR?7),

Themne fi.us all contain Aifferent portions of the tctal tree lata set, [ATSET

then writes the entire data set on one file TAPF).

64

e U A G2 Kt A e o 2 S A N ittt A, s crvisinsr b, . A M




vt

s bk MR AL Sl & ik, v i o " G il o A i i I P

REECULRED IWPUT

Program reduires the same input &s original vegatation construction

program with the exception of tha first card {(option card}.
Option Card (ISELEC(I), iIwl,3)

Format {(3(12, IX))

Where
ISELEC (1) » -1 No cell structured data set

1 Create cell structured data set

3 No printout of cell structured data
ISELEC (2) = O No ray trace

1 Ray trace with multi-stage data sat
ISELFC (3) = 1 No ray trace and no printout of multi-

stage data set
0 Printout multi-stage data set

FORMAT OF DOTR GET

The autpurn flie (TAPE3) contains two filas each of ons record and all

in binary format,

File 1

There is & total of 216)]1 worde on file 1 in the following arrays:

MA (3000) Contzins integer body data for body number I
MR (2*1-1) Containe body type (5~TRC; T~BOX)
MA (2*1) Contains pointer to location in ¥PD array containing

] real body data
MA (3001-I)  Contains regyion number
FPD_ (7500) Contains real body data

¥or TRC = 8 words (3 for vertax vector) } for height vector;

page radiuny and top radiug)

Yor Box - 12 worde () for vertax vacters and ) for ecach »f the

3 haijht vectors
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CELL {1%,15 :5) = Contains body numbers for those bodiza in given ele-
ment of the three dimensicnal lattice. All words are
packad intagers, This is called tha cell structure

array.

If there are 1 or 2 bodies in the given cell, word is packed as follows:

216‘(2nd bady #) + 26'(1"': body #) + (# of bodiea in cell)

If there are greater than 2 bodies in given cell, word is similarly paicked
except that the second body # is replaced by poi.ter to location in CELLZ2
array where remainder of body nusbers can be found,

CELL2 (3000) = Contains packed integers with body numbers for those
cells containing more than two bodies. There are 3 additicnal body numbers
in eact word. Additional body numbers for the given cell are found as

necessary in succeeding words of the airay.

30 . (1-1)
Integer word is £ (Body #) 10624
i=1
X1LEAFP - X dimensics. of lst stage leaf cloud RPP
NTHC - lcecation of Body data for lst stage cons

in RPD array
Dimensions of & unit cell
NLEAY - location of RPP data for lat stags leaf cloud

XL(3)

in FPD array.

File 2

This file ham 1671 words and contains the contenta of the following

common blocks:
JVOS o fUr LB/ g /ey JYiaun/ o oand /UAYTR/
Theus couennn blocks contain mizcallanests data vsed by ‘he ray tiace irvutinea,

The structucw and contents of theme cosmon hHlo ks are jdertical 'to those in

the original rmalti-stage ax<lel,
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FLOWCHART *| - UNPACK

compute ttonsforrmtl to toke 4ih stuge bodies to comple-

te free reference frame

'

Loop on 4th stage bodles _l"

bedy real 7
{le cone)

Transform body data
to compiete ftree

reference frame

[ Go to next lowsr stage l

Computs transformation
from next lower stage %

compiste tree referonce
- frame

Go to next

highar ﬂ

——— e ——— e M et e W 4y = =
— —y— —— -

RPP LEAF CLOUD

Transform leaf clor.d RPP Transform cone data in
data to box data In iree fres reference frame
refarence freme
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N FLOWCHART * | UNPACK  (Cont)
Compute data on properts
' ~igs of leaf cloud RPP
‘ CALL REDUCE
y

X Wirite out all bucy data

: on TAPE3 (binary)

{

]
Virite out on TAPE4 all
body data, however with
each set of data for
each body cs seperate
__regord

| END | ~"---
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L FLOWCHART ®2 - SETUP2

START

i . Read from TAPE4 the osd structure size and
' number of bodies

1 t

u.oop over each body _]

| Read body type |

[ Read Box DcnoJ

Compute smalisst RPP
covering box

R

Compute cell indices covering
RPP

) _CALL REPACK | | CALL BELONGB |

[ .
b & -

t Write out celi siruct- Pack body number Into appr-|

ure on TLPE4 opricte words of cell struct-
ure arroy. If cell structure

[ab word contains more than

4 bodles —

ey o

CALL PACKER
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LOW RESGLUTION COMSTRUCTION PROGRAM

The low resolution construction program is a stand-alone prograw which
converts a high resélution data set into a low regolution data set, This
data set has the following information:

a. The location and dimensions of .1 large TRCs making up the trunk
ihd major branch structure of the tree.l

b. Three dimensional cell structure description (consists of sort of
large TRCs and mean free path information for the 15 x 15 x 25 cell structure).

C. Miscellaneous ray tracing data

The program reads the high resolution data set and determines which of the
TRCs are to be retained as real bodies (basically all TRCs are retained except
the lat atage TRCs from the old multi-stage mocel corresponding to secondary
branches),

The projram reduces the size of the body data arrays since box data for
leaf cloud containers and lst stage TRCs are no longer stored.

A new cell structure is computed. This array contains body numbers for
all of the remaining TRCs, In addition, this array contains mean tree path in-
formation for rays traversing the cells. This information is computed by con-
sidering how many TRCs or leaf cloud boxes nave common volumes with the coil

in question.
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VEGETATION RAY TRACING

High Resolution

The high resolution ray tracing produces a block format image tapa iden~
tical to the image tape produced by the multi-stage model. The following

routines are responsible for the high resolution ray tracing:

PICTUR** RAYTR2 MURK*
INDEX** RIGID PINB*
RAYTRK NEWGG CLOUD*
RAYTRL FOG*

The routines marked with an asterisk are unchanged from the original multi-
stage model, Those marked with a double asterisk are cosmon to oth;r types of
ray tracing (i.e., conventional geometry, terrain geometry, or camouflage net
geometry). These routines will not be deucribed.

SUBROUTINE RAYTRX (CP, CD, NC)

This routine is responsible for assuring that the proper trees are in memory
for the ray tracing, Due to ths large number of trees possible in the scena, it
was necessary to have pre-sorted which trees could be struck by rays froms a
given block on the block format image tiupe. This sorted information is on a
disk file (TAPE 10). In addition geometry information (box data) for only a
limited number of trees can be in mamory at any qivcfl time. Hence, the box data
for the trees must be read intc memory in groups of 200, This box data is“
stored on disk file TAPE 3, RAYTRK reals tha file TAPE 10 and determines to
which of the 200 resident trees ray tracing should be attempted on the basis of

ths block indices for the current ray. PRAYTRK will also read in another group

of 200 trees from TAPE ) as required.

Called Zroms PICTUR

variables: CP (3) Camera position coordinates
CD (3) Ray 4irection
NC Ragion strike number

Routines calleds RAYTR1
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SURROUTINE RAYTRl {CP, CD, NC)

RAYTRL is responsible for ray tracing to the boxes containing trees. If
a tree box is struck, the ray is tciansformed into the reference frame of the
tree and internal ray tracing is perforumed by RAYTR2, If an internal ray
strike is made, RAYTRl transforms the normals back into the real world re-
farence Zrane.

Called from: RAYTRK

Variables: CP (3) Camera position coordinates
CD (3) Ray direction '
NC Region strike number

Routines called: RAYTR2, NEWGG

SUBROUTINE RAYTR2 (DIS, CP, CD, NC, IMISS)

This routine is responsible for ray tracing inside a treu box. A trans-
formed ray is followed through the cell structurae. Tracing is done to the geo-
metric solids which comprise the tree. The trunk and limb structure is composed
of Truncated Right Cones (TRC) and the leaf and twig structure is contained in
boxas. If a ray strikes a cone, & normal is computud and ray tracing ends for
the ray., If a leaf cloud box is struck, the ray is again transformed into the
reference frame of the leaf cloud containers and internal leaf cloud tracing is
done by the subroutines FOG, CLOUD, MURK, and PINE. Dus to the great number of
bodies (TRC, and leaf cloud boxes) comprising the tree, there is a covering
three dimensional cell matrix over thn entire tree. The path of the ray in-
tersects only a few of tha cells of the matrix and tracing is done only for
those bodies along the path of the ray.

Called froms  RAYTRl ’

Variablest DIS - disrance to ray strike from tres box turface
CP (3) = coordinates on tree box surface where ray enters
CD (3) ~ ray direction in tree box frame
NC = ragion strike number
INISS = logical variable which is trus of ray misses
all internal tree bodies
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Subroutines called: RIGID, NEWGG, FOG

SUBROUTINE RIGID (IBOX, EXIT, START, CLAST, CD, NN)

Subroutine RIGID uses the cell structure array to determine which bodies
are contained within any given cell of the covering three dimensional matrix.
The body numbers are returned to RAYTR2 for ray tracing.

Called from: RAYTRZ

Variables: IBOX (64) - array containing body numbers of those
solids (TRCs or leaf cloud boxes) to
be traced toward

EXIT - logical variable which is true if ray
has exited the tree box

START - distance ray has traveled point of entry
into tree box

CLAST (3) - coordinates on tree surface where
ray enters

. €D (3) - ray direction in tree box frame
NN - number of body numbers in array IBOX

Subroutines called: None

SUBRGUTINE NEWGG (ISIDE, DIS, BOX, ITYPE, CD, CP, IMISS)

This routine computes the stiike distance for intersections of rays with

the three dimensional solids (TRCs or boxes).
Called from: RAYTR., RAYTR2

" Variables: 15IDE integer specifying which surface strike occurs

{(i.e., flat surfacu or cone side)
DIS . distance from ray origin to strike point

BOX (12) array containing body data {i.e., box height
vectors or TRC data)

ITYPE integer specifying body type (TRC or box)
cD (3) ray direction

cp (3) coordinates of ray origin
IN1S8 logical variable which is tiue of ray missas body
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Routines called: None

Low Resolution

In the high resolution model, all ray strikes are computed as intersec-
tions with three dimensional solids or as strikas with leavea or twigs inside
leaf cloud containers. In the low resolution model, ray strikes are deter-
mined probabilistically for leaf clouds and the smaller cones represaenting
small limbs, For the trunk and major branch structure, the ray tracing is
done as it is in the high resolution model. In the cell structure array (the
three dimensional matrix covering the tree), mean free paths for rays tra-
versing the cell are stored instead of body numbers for leaf cloud boxes or
small cones. The body numbers for the trunk and major branch structure are
also gstored in the cell structure array.

The routines which are changed in the low resolution model are RAYTR2 and
RIGID, 1In addiﬁion, the routines FOG, MURK, PINE, and CLOUD are no longer used

since there is no‘ray tracing internal to the ieaf cloud containers.

SUBROUTINE RAYTR2 (DIS, CP, CD, NC, IMISS)

The routine arguments and definition of these arguments are the same as
for the high resolution RAYTR2. The low resclution RAYTR2 traces only to those
TRCs compriging the trunk and major branch atructuré. Leaf strikes and small
twig strikes are computed probabilistically. As the ray is traversing the
three dimensional cell structure, the path length of the ray in each of the
intersected cells is computed. Stored in the cell structure array are mean
fres paths (A) for rays in that given cell. A random number ig drawn (P) be-
tween 0. and ). then a distance R~ « 3 in (1-P} i@ computed. This is the

distance a ray would travel in a medium of mean free path ) with a probability P.
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If this distance is less than the path length of the ray in the given cell,
then a ray strike is determined to be made at distance R. Otherwise the ray
is determined not to have struck any leaves and continues on to the rext ceoll
provided no TRC hits are made. There is never any ray tracing either to
leaf cloud boxes or internal to these boxes.

Called from: RAYTR1

Variables: Same as for high regolution RAVTR2

Poutines called: RIGID, NEWGG

SUBROUTINE RIGID (IBOX, EXIT, START, CLAST, CD, NN)

This routine extracts both the mean free paths and body numbers for the
large TRCa from the cell structure array for each of the cells along the path
Aof the ray. This information is returned to RAYTR2 for processing.

Called from: RAYTR2

veriables: - Same as for high resclution RIGID

Routines called: None
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