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This work represents the culmination of efforts supported by Ballistic

\ Research Laboratories and Mobility Equipment Research and Development Command

to developha 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 a 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.
K
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1. INTRODUCTION AND OVERVIEW OF THE SYSTEM

1.1 Backgrodnd

The computer system described in this report represents the successful

culmination of efforts of Mathematical Applications Group, Incorporated, sup-

pmLted by Ballistic Pesearch Laboratories and Mobility Equipment Research

and Development Command and others, to develop a practical tool for realistic

computer simulation of large scale terrestrial scenes.

The previous effort3 have produced independent models for solid targets

2 .3 3,4camouflage nets , terrain and vegetation ground cover4. Although independent,

these models were mutually consistent in that they produced images in the same

format (block format image) and could, therefore, be merged into a composite

scene. Associated with these models were a group of utilities for merging, mag-

nifying and shifting 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. Specifically:

a) The ray tracing elements of the vegetation model 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., locations, sizes and orientations

of the trees of a scene, was performed by hand and this placed a literally im-

possible burden on the user.

c) The terrain model was a modification of the camouflage net which tied

the color and texture boundaries to the resident net patterns. This gave little

flexibility in the description of terrain. Furthermore, the input was precisely

the input for a camouflage net, and thus did not proceed 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 ca 12ndar time

for generation of such a photograph might be many days.

All of these problems have been addressed successfully and hhe solutions

are described in detail in subsequent section" of this report. In this section,

we will outline the improvements and guide the reader to the more detailed

descriptions.

1.2 More Efficient Ray Tracing for the Vegetation Model

A feature 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. In 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 the elimination of some

of the multi-staging in the ray tracing. The construction of the tree proceeds

as before (from the same input data), but only the digitized leaf and twig

structure is represented by copies o: BOXes in the system of the tree. All

woody structure - secondary branch base, primary branch framework, and stem -

is represented by truncated right cones in the tree system. A three dimensional

lattice covering the containing box of the tree permits analytic, ordered se-

lection of bodies for investigation along the ray. This reduction of the role

of multi-staging has resulted in a computer time saving of a factor of four

or five.



The two new models that implement the n.ew ray tracing are referred to as

the high resolution model and the low resolution model. That high resolution

model is geometrically identical with tha old model. The low resolution model

diffels from the high resolution model in that the BOXes containing leaf and

twig structure are probed "statistically", i.e., penetration 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 rouqhly

twice as fast as fcr the high resolution model. The statistical data for this

model is derived from ray tracing "experiments" on the high resolution model.

These two models were implemented by the government and re;plied to 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 collection

of high and ]ow resolution models for each of the tree tyIpes of the region and

2) the forest library. Other libraries are the terrain library, the Combina-

torial Geome.try target library and the camouflage net library.

Since a prime objective of this 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 routines,

i.e., routines which are aware of scene limits without unnecessary user prompt-

ing. The degrec of processing in the stored data was determined for each model

individually. For new models (vegetatl2-. and terrain) the stored data are the

fuliy processed contents of arrays and combon blocka, 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 targ.t data are, however, stored as



req'iirpd by these working models: cqrd images for the CG and a aix of card

images and unformatted restart data for tCe nets.

T'1P jormat of this tape and the several retriaval methods is discusbed

in detail iii Section 2. Data selection from the forest library and data or-

ganizing for the vegetation ray tracing will also be discussed thero.

1.4 The Forest Generator

A stand-alone program for the generation of the forest 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 Dr along given contours. Amon'l the properties

selectes from distribition functions are location, orientation, height and

cluster" sie.

"This program is fully described in Section 3, which alzo containLs a user'a

guide aid input dca&ription.

1,5 The Terrain Model

Modifications of the terrain model have proceeded by separating the "in-

stallation" procedure from the ray tracing procedure, and building a stand-

alone program to produce the processed data icequired for the data base. This

stand-alone program requirv~s elev&tion data, arbitrary color boundaiies in a

horizontal plane and associated region number assignments. Road data, as in

the old model, are also required. Only minor modifications were required in

the ray-tracing to iuentify tho color boundary within which a strike occurs.

The i-nq'tllation program and the modifications in the ray tracing are fully

described in Section 4. That section also contains a user's guide and input

descriotion for the installation program.

4



1.6 The Image Generating System

The 4mage generating elements and shadow generating elements of the four

Lasic geoi-tery models have been integrated into a system which, operating from

the data bavý;, .. an produce all or any part of a scene as a block format image

ifor furt •e. processing) or as a string format image, ready for the color pass

of the Mi'-). SYNTHAVISION process. The other components of the system are the

"#$scene s .ting" :omponents, 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-

ie trieval option, for which the executive takes the responsibility. The user also

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

scale data for the targets and nets, raster limits for each geometry and shadow

run, and color assignment cards for the conversion run. For a typical whole

scene sequence with one target and one net, there will be four geometry runs,

four shadow runs, two data runs and one conversion run. Apart from the color

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

i5



Because of the size and complexity of the system, it has been 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 3ystem was debugged on a data base consisting 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. In

that section we also give execution times for the data-producing codes as well

as the image generating system, and make recommendations for the manner in

which test-site descriptions should be provided in the future for good simu-

lation.

6



2. THE DATA BASE.

2.1 Description of the Data Base

The data base for the system resides on a tape or disk file and contains

all of the 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 site.

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 Geometry 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

ter:rain library is fully discussed in S3ction 4.2.3.

The forest library is divorced from the terrain library in the sense that

the vertical location of the tree 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 ruis, the normal to the terrain is also computed

at this time.

Each Combinatorial Geometry target is represented 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 except the last,

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



Each camouflage r~t requires three data sets: 1) a variable number of

card images, 2) 7 records of processed binary data (the output of CAMZET on

TAPEB, 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, the data base, -' 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 statistical, 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 resolution model

with the digitized leaf and twig structure replaced by a statistical leaf cloud.

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

of this report.

The identification of a model is based on its tree type, I(<6), and its

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

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

while that for the low re3olution model of the same tree type is

LTYP(2*I) - 10*I + 2 .

This identifier is the first record of a tree model. The second record of

the model carries the contents of the labelled common TREE of the vegetation

code and consists of construction data. A third record carries some statistical

data (meaningful only for the low resolution model), namely the arrays STTM(4),

AVE(3) and DAVE(2), and the contents of the common blocks FG, KD,KLOUD, RAYTR

and COLR of that model. Ahere are 21631 words of data in the second record

and 1680 words in the third record.

8



There are currently four tree types represented on the data base: a

coniferous tree (LTYP(l)-Il, LTYP(2)-12), two deciduous trees with leaves, the

pin oak. (LTIP(3)-21, LTYP(4)=22) and the cottonwood (LTYP(7)-41, LTYP(8)=42),

and, finally, a deciduous tree without leaves (LTYP(5)-31, LTYP(6)-32). Room

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



TAbLE 2.1 - FORMAT OF THE DATA BASE

DATA UNIT RECORD NOS. CONTENTS CCIME2NTS

1 1,N FOREST LIBRARY Output of FORGEN
N+I 78130 Flag

2 TREE LIBRARY 3 records for each
of N models. W<12

1 LTYP (1) Tree ID
2 MA,FPD,....
3 STTT,AVE...
4 LWYP (2)

3*N-2 LTYP(N) Tree ID
3*N-1 MAFPD,..
3*N STTT,AVE..
3N+1 15626 Flag

3 1-9 TERRAIN LIBRARY Output of INSTAL
10 31252 Flag

4 CG TARGET LIBRARY NMAX targets
1,NI Card imaqes of

standard input HOLLERITH (20A4)
N1+1 12X,FINIS Separator

(NI+2),(Nl+N2+2) Card images
N1+N2+3 12X,FINIS Separator

WAX
E(N 2+1) 12X,STOP Flag

2-1

5 NET LIBRARY LMAX nets
1,Ll Li card imags HOLLERITH (20A4)

for restart option #5

LI+1 12X,SWCH Flag, switch to
un foruatted data

LI+2,LI+8 Processed data 7 binary records
from CAMNET restart tape)

LI+9,L÷+10 2 card imnges Final cards for restart

Repeat above for each net.

sOm End data bass.

10



2.2 Data Retrieval Methods aae! Routines

The data retrieval methods 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 by the executive when-

ever an image generating or 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, TERRZT searches the data

base for the integer flag 15626 and leaves the tape

positioned for reading by input elements of the

terrain modulesi

2) vegetation data processing, TZRRET finds the terrain

library and reads into memory the first four records

(see use under FORRET).

a) Called from: DATRET

b) Subroutines called: None

SUB3ROUTINE TARGET (NM)

Called from DATRET for either CG targets (M-l) or camouflage ntes (M-2),

TARGET searches the data base for the appropriate flag and positions the file at

the Nth target of either type. The data are later read by the input routines

of the appropriate model. The ordinal number N is supplied by the user as de-

scribed in Section 5.

a) Called froms DATRET

b) Subroutines called, None



SUBROUTINE FORRET

This subroutine is called from DATRET to retrieve data for a particular

model of a particular tree type. If the model in 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 calculate the range and to comuplete

the tree description, the vertical position of its base is extracted from the

terrain library by 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 -* written on the IPD as a

single record.

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

subtend 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 mile 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 routine 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 also

find the local normal to the terrain. For these calculations, ZANDW calls

routines of the terrain ray tracing module.

a) Called froms FORRET

b) Subroutines 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 rectanagle is within the scene limits. The flag JFL is returned as

non-zero if the answer is positive.

a) Called from: FORRET

b) Subzouti:.os called: None

2.3 Forest D~ta Organiwing Progr&ms

Because of the very large memory requirements for a tree model (over 23000

words), it has been necesaary to design the vegetation runs around a single model

and to limit the number of trees in memory at one time to two 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-flyp process is described in Section 5.1. The loop extends from

JFIRST (input or default, 1, to JLAST, input or default, 12).

The limit on the number of trees concurrently in memory is observed by

organizing the trees of the scene by bloick number of the image scan (line by

line, left to right within a line). This function is performed by the PROGRAM

PREPAR for image generation and by the PROGRAM PREPR for shadowing by the forest.

Vt



The organized treeh are written on TAPE3 ia 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, TAPE10, 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 program4 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



3. THE FOREST GENERATOR: PROGRAM FORGEN

3.1 Introduction

The purpose of this stand-alone program is to create the data file which

contains the type, size, location and orientation for every tree in the area

of interest. FORGEN performz 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 _DesiMn

The design of the program was guided by observations on the kinds of tree

distributions that might be of interest and by practical 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 configurations is the "cluster" and is based on the fact 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-

termined from an input mean and a resident distribution function. The three

configurations are:

15



1. A uniform distributicn of clusters of each of several types of

trees within a clbsed boundary. The user definus the boundary and the types

of trees 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 rang,.

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 inmediate neighbornood of a target, since a very special local con-

figuration may be selected for camouflage purposes.

ln what follows, we will distinguish these configurations by their geometric

peculiarities and refer to them as "boundaries", "lines", and "point sets", re-

spectively. The entire organizatioxi of the program - input, program action and

output, as well as the replacement and ad.ition of data - is based on this three-

part description. The order of input, treatment and output is always: boundaries,

lines, point sets.

Because 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 must be de-

scribed such that the directed segment from point N to point N+l ia displaced

to its left. Those ideas are illustrated in Figure 3.1.



A restriction on the closed boundary should be mentioned here, namely

that a line X - constant should cut the boundary in two arnd only two points.

If a bounded region does not satisfy thi3 restriction, it should be sectioned

into two or more boumded regions.

The distribution of trees within a boundary proceeds by determining the

smallest contatning rectangle with sides parallel to the x-y axes and covering

this area with a square grid. The grid size ;a 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 location will be chosen somewhere within the cell.

Once the grid has been established, an array is set up which establishes,

for each value of the x index, I, the iijsits 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 grid points through 1-1 is recorded.

These pointers refer to the "IQ" array, whici 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 tree type. The cluster density is sampled for

a grid point which will act as an "anchor" pcint for location of a cluster.

The cluster size is then determined from the cluster mean and a highly peaked

-distribution function which covers a range from unity to twice the mean5. A

square array of grid points is then investigated for wioccupied sites and the

members of the cluster are assigned to these with probability that decreases

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. The dimension of the square array is de-

termined from the expression

LENGTH-SQRT(2* (KL+2))



FIGURE 3.1 - Boundaries and "Thick" Lines
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(a) A closed boundary: points 1 through 5 lie along a
road bed. Non-zero values of W(l) through W(4)
give the appropriate displacements.
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(b) A line: points 1 through 5 lie along the same road bed
an in (a). By describing theme segments in reverse, the
dimplacement is forced in the oppomite direction.



where KL is the clpster 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 applied to each segment of a "thick" line, with

the exception that the members of a cluster occupy successive grid sites along

the line, each site selected from a stack which is perpendicular to the line

and gives the lines its "thickness". Thus the thickness 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 hounded region it ii the fraction of grid sites that will be

occupied by this type, for the line it is the fractional number of stacks which

is occupied by trees of this type, and one a 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 aboul 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 in 0.1 radian. Both ti.e azimuth cf the

trunk and the axial rotation about the trunk are chosen from uniform distributions

between 0.0 and 2w. 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 trunk. This latter parameter i 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 angles is necessary for this. If

these entries are left blank the trees 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 technique 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 j the program is a single card giving the rectangular

limits of the plot aid a grid size. PLOTFR operates on the output tape of FORGEN

to provide an integrated view of the specified region.

The identification of a tree on the output tape of FORGEN dow j 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. However, t .) criterion for

switching from one model to the other may properly be influenced by the tre-

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, FORGE:N tags

such treqs by attaching a minus sign to an intrinsically positive quantity,

namely, the vertical component of the height of the bontainin-, box. The basis

of this assignment is that the tree must be a non-boundary tree of a bounded

region for which the fractional area occupied by trees is greater -nan 0.2.

3.3 Description of Routines

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

is given in Figure 3.2.
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Pi PJJ• AM FORGEN

FORGEN governs the generation of the forest library and performs many of

the required calculations. In particular, it distinguishes betwedn the gener-

ation of a new library and the updating of an old library, and reflects the organ-

ization of the calculation according to boundaries, lines and points.

a) Main program

b) Subroutines called: DISPL, INPROC, GRID, ASSIGN,
TCAL, BOXXT, POSIT, PLOT1

SUBROUTINE ASSIGN

ASSIGN is called from the main program for boundaries and thick line seg-

ments after the grid has been established. It's 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 number of clusters required to provide the cal-

culated cluster density. Because the number of necessary sites are not always

available in the cluster, ASSIGN finds individual sites to complete the assign-

ment. Since the aesigiinent process is 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 froms FORGEN

b) Subroutines called: CLSTR

SJBROUTINE BOXIT

This subroutine calculates the box parameters, i.e., the vertex vector and

three edge vectors, for an individual tree, assuming an elevation of z-O.0 for

the base. It selects an axial rotation angle and accepts from the calling

routine a horizontal base position, a polar angle, an azimuth and a magnification

of the containing box for that tree type.

a) Call.3d froms FORGEN, TCAL

b) Subr utinew 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 from: ASSIGN

b) Subroutines called: None

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(l,I) is the

lowest index (Jl) 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-Jl+l) through 1-1 and thus constitutes a pointer to

an array carrying the grid site assignments. The process is so trivial for

thick line segments and for point sets that it is performed in FORGEN.

a) Called froms FORGEN

b) Subroutines calleds None

SUBROUTINE I NPROC

This subroutine is called from FORGEN to read the data for all the trees

of a bounded region or a line, i.e., number of types; type identifier, mean cluster

size, fractinnal density, mean height of containing box, relative range of heights

for this rcgion, and the shrink factor. it than calculates the cluster prcb-

abilities mean magnifications (ratio of input height to resident box height for

that tree type) and the yrid size.

a) Called froms FORCEN

b) Subroutines called: None
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SUBROUTINE PLOT1

PLTI is used to display on the printer the grid site assignments for

each region. The position in a printer line corresponds exactly to the x-index

I, while the line itself corresponds 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(K) contains a zero for an unoccupied site and an identifying integer from

1 to 6 for an occupied site. LIST(3,I) is 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: FORGEN

b) Subroutines called: None

SUBROUTINE POSIT

This routine is called by FORGEN when the code is being operated 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 the old tape to tne new tapG ard position the old tape past unacceptable

elements.

a) Called from: FORGEN

b) Subroutines called: None.

SUBROUTINE TCAL

TCAL governs the calculation of tree box parameters for boundaries and

lines. 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 is then called to

complete the calculation for one tree. "MAL also writes out on tape (TAPE2) the

12-word tree descriptions in records of 200 trees. The calculation is ordered on
7

tree types.

a) Called from: FORGEN

b) Subroutines calleds BOXIT
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/ 3.4 Input and Legical Unit Asuic-iments

All input data are read from c4rds on one of two formats:

.,,teger data: FORMAT(6IO)

Floating Point data: format(,El2.4)

CARD NO. CONTENTS COMMENT

ISUBST Mode option parameter equal to 0 or 1.
O0 create new library from scratch;
1: update existing library.

NBI Number of (boundaries, lines, point sets)
to be processed for ISUBST-0 number to
be replaced for ISUBST-I.

Cards 2,3 and 4 are included only for ISUBST-1.

2 IDB(I),I-I,NB+l I<(NB,NL,NP), ordinal r. nber
3 IDL(I),I-1,NL+l of (boundary, line, point set) to be
4 IDP(I),I-I,NP+l replaced. I-(NB+l,NL+1,NP+l) number of

such regions to be added (may be zero).

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

exception of Card 7 which is needed only for lines. Card sequence 10, 11 is re-

peated for each tree type in each description.

5 NXY Number of points used to describe this
boundary or line.

6V X and Y coordinates of a point;

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

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

a NTYP Number of tree types for this region.

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

10 ITYP Tree identifier (11,21,31,41,51,61)1
,ULNP mean cluster size for this typel one type

per card.

11 FRCT Fraction of grid points covered by this
tree type:

SMN mean height of this tree type t' actional
BIG height variation for this tree type. one

type per card.

24



Card sequence 12 through 15 is neede* 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 Tree type identifier;
NUMR number of trees of this type. Three

sets per card.

14 X4IN x-limits,

Y MIN• y-limitsgYMAX)

DS grid spacing

15 .X x,y coordinates of tree
Y' basel

SMN height of this tree;

THET polar angle ot zrem (rad!;

PHI azimuth of stem (rad).

A final note on input cards 5 and 6 for boundaries: the closing is produced

by the code an the assumption that the last point is not a repetition of the first

point. For both boundaries and lines, the quantities W(I) should be made some-

what greater than half the width 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 lint. Finally, the pointo defining a boundary nuvt be sequential ard in

counter-clockwise order, while those defining 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 unites

TAPEl t existing tree library for update only (ISUmSTl)
TAPE2 i output tree library.



3.5 The Outptt Tape

The output tape (logical unit 2) is organiv1 .iy region typer bounded

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

on input.

RECORD NO. CONTENTS CO•E.TS

1 NBT,NLT,NPT Numbers of Doundaries, lines and point sets

Each region is represented by the following sequence of records.

2 IDUM,NTYP,ID042 NTYP - nuier of tree types

(ITYP(I),NUMR(I),I-l,NTYP) Type identifier, number for all types

XMIN,XMAX,YJ4IN,YMAX Rectangular limits of region

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

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

Ll-2m+{(NMR(1)/2001) ft

Each tree type starts a new record.
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4. THE TEJrRAIN PROGRAM

4.1 Introduption

The terrain model that was developed under a previous contract was a

modification of the camouflage net model2 that embodied softened contour lines

and a "road" capability. It was, however, wadded to inflexible color pattern

boundaries, characteristic of the nets, and to the input mode of the net, which

is quite inappropriate to a 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 for 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 model 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 problim.

4.2 PROGRJ4 INSTAL

4.2.1 Design

This is a stand-alone program for reading and processing elevation data,

road data, color boundary data and region number assignments. The output is a

file which is to constitute the third library on the data base tape. The file

consists essentially of the comon blocks required by tha ray tracing routines.

In the previous model, the terrain installation process took place in two

steps, 1) establishment of the flat "net" description in 2-upacel 2) construct-

ion of the installed "net" 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 entirely and

modifies sam portions of the second step so that simple elevation data are used

in the installation process.
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The "flat net" 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 not 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 problem of determining, for

given (x,y), the corresponding boiundary 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 Dl3cription 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.

PRO(GRAM INSTAL

This is the main program whose function is to call the specific input read-

ing and processing routines and to write the processed 4ata (essentially the

common blocks) out onto TAPE8.

a) Main program

b) Subroutines calledt INPROS, SEGNET, TRINET, FLIP, NETBOD,
ROADIN, INOUN

SUBROUTINE INPROS

This routine reads elevation data (x,y,z) for LSUP interior points, and

locations (x,y) of NON sea level (ms0.0) points on an enclosing boundary. The

output in the HPT array containing, for up to 100 points, the five word group

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 proce9sing and

ray tracing routinev intact.
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Because elevation values (z) are usually provided in feet, while hori-

zontal locations and distances are given in meters, the code assures this

mixed unit inp't and divides the elevations by 3.048 ft/meter.

a) Called from: INSTAL

b) 5.Lroutines called: None

SUBROUTINE SEGNET

This routine receives the HPT array from INPROS and performs the triangu-

lation of the terrain. The method is to form all possible segments between

pairs of interior p:.,i _; 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 previ-,usly determined 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 calledt None
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TALEZ 4.1 -The ROuttaee of PROGRAM INSTAL

NAME CONMENTS

INSTAL Main programF now

INPROS Modif ied

SEGNET Modified

TRINET Old

FLIP old

NETI3OD Old

ROAD IN Old

INBOUN .

CROSS Old

.:ORM Old

INIPOS Old

xyz2uv Old



SUBROUTINE INBOUN

This routine reads and processes region boundary data and makes region

number assignments according to input. A sequence of NXY points, (x,y) counter-

clockwise about a closed boundary (bad point not repeated) is read for each of

NB boundaries. A pair of direction cosines is computed and stored for each line

segment. The rectangular limitc of the boundary are also stored to speed up the

search process which takes place in ray-tracing. A list of Nd+l color region

numbers is read and stored, the last corresponding to all uncovered terrain.

a) Called from: INSTAL

b) Subroutines called: None

4.2.3 Input, Output and Logical Unit Assignments

Card (1) LSTJP, NUM FORMAT(215)

LSUP - Number of interior points for elevation data

NUM - Number of boundary points with z=0.0.
Read by INPROS.

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

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

Card (3) x,y FORMAT(2FlO.0)

Locations of NUM boundary points, 1 point per card.
Read by IRPROS.

Carýs (4) through (6) Read by MOADIN - see (1) p. 43.

Card (0) NB FORZMAT(t5)

Number of region boundaries to be read.
Read by INBOUN.

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

Card (8) NXY FORMAT(15)

Number of points for this boundary

Card (9) XP,YP FORMAT(2FM00)

Coordinates of NXY points, 1 point per card.

Card (10) ICOILOR(I),-I',NB+l FORMAT(1415)

Ordered color numbers for NB bounded regions and
"rest of world%. 14 per card. Read by INBOD1.
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Logical unit assiqrzient: TAPEB oUtput tape.

The output tape has nine records, each of which contains the data for 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 COMMON

1 LSUP,LPEG,LINT,HP1I(500) LIMAGE .

2 LIJ (600) HSEGNE

3 NT, LETRIP (600) HTRINE

4 fV,HBD(4000) HTuO=NE, unlabeled

common

5 JIT,CJ11T, R4N COMRM

6 NUMROD,UHIT,NCROAD IOADCI

7 IPROAD(25),IPNORM(25),?]SEG2(25) ROADC2

WIDTH(25) ,WIDTHS(25) ,NCR(25),

LRFIT(25), FRAC(25),CRAC(25)

XPP(l000),YP(l000),WX(l000), POINT

WY(IC090) ,NP(l00) ,NB

9 XLIST(400),ICOLOR(l00) ORGAN

lI) EOF

4.3 Terrain Ray-Tracing

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

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

by a pair of routines, TFIND and LOCAL (called by TFIND).
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SUB1!?ý [/il4NE TFIND

This routine is called from RAYTI-Y aft, r a xay has struck t:.e terrain at

a point (x,y,z). Using the coordinate x and y, FIND exaziner the rectangular

limits of each of the bounded regions to determine whether that region may

contain the point. If a region is a candidate, FIND calls IOCAL 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 RAYTRK. 6Otlaer-

wise it is assumed that the strike point is in the "rest of the world" and

ICOLOR(NB+I) is returned.

a) Called from: RAYTRK

b) Subroutines called: LOCAL

SUBROUTINE LODCAL(IRIFL)

This routine uses the ordered sequence of points, (X,P(I),YP(I),I=l,NXY),

that define the boundary of the region IR and the associated direction cosines,

(WX(1),WY(I)), to Oetermine whether the point x,y is within the region. The

number 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.

"44.4 Data Retrieval for RX Tracing[

The data retri~val for the terrain model is under the control of the

executive of the overlay system and is discussed in Section 5. Since the pro-

cessed terrain data file is the third data library on the 108. retrieval con-

nis:ts in poritioning the IDH (SUDROLMI'4 TERRET) and rea-iAg the nine records

into meiory (SUBROUTINE INTER).
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5. THE IMAGE GENERATING SYS&fM

5.1 Introduction

The compone±nts of tr.e image genterating system h,- been listed in 5,ztlon

1.6, but the list will be repeated here for ease of rtz.erence:

a) For each of the four geometry models, the ray-tracing module

which produces an unshadowed image of the subject geometry.

i) For each of the four geometry models, the ray-tracing module

w-,ich shadows, with the subject geometry, a previously gener-

ated block format image on the user designated tape unit IMFI.

c) A scene setting module corresponding to the old CAMERA module

and pfrforming similar input reading and processing functions

for sradow runs as well as for image generating runs.

d) A data retrieval module whose components and functions have

been described in Section 2.

e) A mooule (PPf)GPAM 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 wnose function is to read iption cards and, in

response to these option cards, to invoke the sequence of

selected runs, while providing through the data retrieval

nmodule, the necessary input for each run.

Of the thirteen components named above, only the data retrieval module

(a) and the executive (g) are completel) now. The vegetation r&y tracing of

(a) and (b) are complete revisions of the old model as described in Section 1.2.

The terrain ray tracing of (a) and (b) contains relatively minor rovisions as

described in Sections 1.5 and 4.3. For all the modiles of (a) anid (b), fi,put

and output have been altered to read input data from the data base and to

output the block Lormat image on a user designated logical unit IHFO.
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A basic change in the modules of (a) allows block-by-block merging of

the inmage 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. Th3 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. Thus, there is a dual ad-

vantage in this procedure: increased efficiency of ray tracing as well as

reduced I/O in the generation of a composite image.

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/O 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
1

image . 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

old SHADOW program of the moiules of (b). In addition PROGRAM CONV and PRO-

GRAM MERGE were modified.

The scene setting components of (c) are derived in part from the old

CAMFRA module and in part from the old SHADOW program. One function is to

read, prccc•is and !,tore those input data which are conmwn to the elements of

a scenet camera location and direction, focal length, image dimensions, grid



characteristics or, for shadow runs, source type, source direction and so on.

A second functio.a is to determine the ground plane limits for retrieving the

trees wk'ich 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 targe" ; z.t-Aster limits

for image generation or shadowing.

The remainder of this section will be devoted to a discussion of the execu-

tive (Section 5.2), a description of the overlay structuie (Section 5.3), a

description of new subroutines of the system (Section 5.4), and finally, a

user'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:

IDB 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 as a flag for

the scene setting elements: zero for image runs and

unity for shadow runs (ISAVE=I).

IA Hollerith data supplied by the user on the first

option card. Sets the value of ISAVE according to

the following table:

IA 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

IB 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 servo to warn the scene setting program (ISAVE-I)

that a vegetation run is contemplated.

IB JSAVE Model

ICG I COG target
I 2 camouflage net
IVEG 3 vegetation
ITER 4 terrain
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IBFI Generic name for an input tape, integer value supplied

"by the user on the second option 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 in generated. For a shadow run IBFI

desingates the unit of the image to be shadowed. For

a CONVERT run, IBEI designates the unit of the image

to be converted. Rea&, as IF(l).

IBFO Generic name for the output tape unit, user supplied,

for any rune must be non-zero for ISAVE-2,3,4, or 5.

Read as IF(2), except for ISAVE-5, where it is read as

IF(3).

ISVl Generic name for a "save* file. If XSVl 100, the output

on IBFO is copied to 13V1, file number NFILE and a

printout identifie tbe image, the unit and the file.

-Read as IF(6), it ISV.. is different from previous value,

NFILF 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.

ISl,IS2 Generic names for units of two block format images to be

merged (ISAVE-5). Read as IF(1), IF(2). IS1 may also be

used to identify a target or net by sequence number

(ISAVF^-2,31 JSAV2-1,2). Then ISI is read as IF(4).

JFIRST,JLAST The first and last indices of tree models to be processed

for a vegetation run, image or shadow. Read as IF(4) and

IF(S). Defau]t valuels (if either is zero) are 1 and 12

respectively. The correspondinq tree identifiers ars

given in Section 2.1.
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FIGURE~ 5. 1. FLOW CHART OF THE SYSTEM4 EXECUITIVE
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FIGURE 5.1. Continued
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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 7PD on this card for two cases:

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

for shadows IPD'u.

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

of IPD.

On the second option card, required for ISAVE>l, the user selects logical

units for input and output and (possibly) for a permanent storage file. For a

geometry run for CG targets or nets, he also specifies a sequence 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 processed.

Vegetation runs, image or shadow, are handled differently from -

geometries. Because of the different tree models which may occur in a given

scene the vegetation run is performed 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 vomplete set of vegetation

runs, i.e., all sequence numbers found for this scene will be run for images

and all even sequence numbers (low resolution model) 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. Clearly the decision will

be based on the user's knowledge of the forest library and the scene limits.

The executive calls eleven primary overlays whose main programs are given

in the next sub-section. The subroutines called by the executive and residing

with it in the main overlay are INPIC (for reading geometry dependent camara

da%.) and COPYIT (for saving intermediate output on tape 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

of Figure 5.2. Each overlay is represented by a labeled box which contains

a list of subroutines headed by the main program of the overlay. The input

and output units are shown on the alternate block diagram of Figure 5.3.

A few words should be aaid about the sub-program names to aid in identi-

fying similar programs in different overlays. IBM overlay procedure will not

maintain identical namnes in differe.at 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 contains the executive, PROGRAM

TRAFFIC, its subroutines 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 prog'ram CAMERA. Cards

are read by CAMERA.

(2,0) the data retrieval overlay, main program DATRET. The

data base is positioned for later reading or is accessed

for selection of data to be output on the IPD.

(3,0) the forest organizing overlay for images, main program

PPEPAR. The 1iD is read by PHEPAR and the forest data

ordersd by image block in records of 200 trecs, output

on TAPE3. The output TAPE10 contains information to

order trees by distance from the camera. Scratch tapes

11, 12 and 13 are used.
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FIGURE 5.3. BLOCK DIAGRAM OF OVERLAY STRUCTURE SHCVING
INPJX AND OUTPUT U`6ITS
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FIGURE 5.3 Continued
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(4,0) the for6.;t organizinq overla; for sh4dows, main pro-

grain PPEPR. The IPD, contai.ing forest a.t aund

local terrain normals, and the IBFI (to he shadzwed)

are read by PREPR to determine whether the tree

shadow volume intersects the objact volume for a

given block. Output tapes 3 and 10 are similar to

those frcn PREPAR, excýept that the distance array on

TAPE10 is replaced by distance limits of the shadow

volwune along the ray. Scratch tapes 11, 12 and 13

are used.

(1i,0) tne primary overlay for vegetation shadowe, main

program MADOW. MADOW reads ,ree model data from the

IPD, and calls the routine VSHAD (eqcivalent to the

oli SHADOW program) to generate shadows for the trees

represented on tapes 3 and 10. Only the low refoiu-

tioh. model ray tracing is implemented for shadows.

(12,0) the conversion overlay, PROGRAN CONV, rtads IBFI and

writes or. IBFO the string format versico of the input

block format image.

(13,6) the merge overlay, PROGRAM MERGE, read& and merges two

block format images on Is1 ani 162 and writes the re-

bult on Ih1i',

The other branches of the program terminate with one of two alternative

cecondary overlays. In general the primary overlay cor.tains a manager, for

diucriminatinq between th" two secondaries for satisfying a particular option,

and aiwst of the routine" that are common to the two options served. Each

secondary overlay contains the routinos peculiar to its tmission and the main

progrm for that miission. The method of branching wab chosen to maximize the
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number of ccmnon subroutines in the primary overlay and hence to minimize

repetition of programs. A complete branch is either an image run or a shadow

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

(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. Out-

put is a block format image on IBFO.

(5,0) the primary overlay for Combinatorial Geometry

images and shadows, main program CGECEC. 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).

(5,1) the secondary overlay for CG images, main program

PICTAK.

.(5,2) the secondary overlay for CG shadows, main program

S fMrV.

(6,O0 the primary overlay for caire)uflage net aud terrain

imager, main program NTEXEC. NTEXXC is the manager

which determines whether to call for a nat image

(6,1) (JSAVE-2) or for terrain image (6,2) (JSAVES4).

(6,1) the secondary overlay for net image., 'main program

CAMNET.

(6,2) the secondary overlay for a terrain imaqe, main

proqram LANSCP.

(7,0) the primary overlay for camouflage net and torraii

Ie ktween net Ojha~ow.; (10, 1), 1,1 (AVE-2) a ndi Ip vn

S(10,7), (AVE-4).
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(7,1) th~e secondary overlay for net stadows, main program

N5;HAD (base:d on SHADOW).

(7,2) the seconiary overlay for terrain shadows, main

program TSHADo

(10,0) the primary overlay for vegetation images, main program

MAMAGE. MAMAGE calls the appropriate secondary overlay

for a high resolution model (10,1) or for a low resolu-

tion m>del (10,2),

(10,1) the secc,ndary overlay for high resolution tree images,

main program VPICTI (old PICTUR).

(10,2) the secondary overlay for low resolutiocn tree images,

main program VPICT2.

5.4 Description of New Routines

This material will be organized more or less by overlay and program

branch. We start with the main overlay, referrinq th. reador to Section 5,.2

for the description of the executive.

Other new routines of the main overlay are#

This routine reads, processeu and stores geometry-dependent camera data

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

limits for image scanning.

.) Called froms TPAYFIC (for vegetation), PICTAK,

CAMME, IA4SCIP,

b) Subroujtines called. None

SUF3PrAJOT I NE INIl'V;

TIis rout ine r'5,ad]a, proc'isps and ltMOzLe gewmketuy-dependent data for

vsqetatlon shadow g-rniratiunt picture imatloor of shadowing qeometry, lcxation

anrv scale of ahad, iwnir fgwxtry, rauter limits for ahadowing.

a) Called froms TPAJ IC

b) Subroutines called, None
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SUBROUTINE COPYIT (TPI,TP2,ISIG)

For ISIG-0, COPYIT copies a block tormat image on TPi to TP2. For ISIG=i,

COPYIT copies a string format image froo TP1 to TP2.

a) Called from: TRAFFIC

b) Subroutines called: None

In O•VERLAY (i,0) the following subroutines are new or revised:

PROGRAM CAMERA

This is a revisel version of the old program, and is flow charted in

Figure 5.4. A "CAMERA run" is an option which must be invoked before a se-

quence of image runs and before a sequence of shadow runs. If a vegetation

run is contemplated in either sequence, 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 processed by CAMERA before the ground plans limits for vegetation are

determined by SUBROUTINE COVER. For JSAVE33 and JTY-0 the camera data are

read and processed, but nothing further is done For JSAVE#3 and JTY-l, no

camera data are needed, but sun data (source type parameter and direction 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) Subroktines calledt ANGLES, COVER, SHAIAT

SUJBRO(YTTNE '(An:R

This routine is called by CAMERA, if IB-tVFG, to find four corners of a

grounnd plane (sea level) trapezoid which is to be the search area for trees
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FIGURE 5.4. CAMERA: The Scene Setting Overlay
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for the current hcene. 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 stored for the search process.

a) Called from: CAMERA

b) Subroutines called: INDEX

SUBRO)UTINE SHADAT

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

a) Called from: CAMERA

b) Subroutines called: None

The routines of OVERLAY(2,O) have been described in Section 2.2.

The routines of OVERLAY(3,0) and OVERIAY(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 comon

to CG image generationi and shadowing. CGEXEC receives the option flag ISAVE

(-2 for images, -3 for shadows) through common and calls the appropriate second-

ary overlay.

a) CAlled fromt executive 'as OVERIAY(5,O)

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

O d.A..Y(5_� containn the routines specific to CG imaqa generation, main

program PIC'TAK. PICTAK, the old CG image manager, has been altered to call INPIC

and to read card images from the data base. The SUPROUTINE 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 I5FI.

OVERLAY(5,2) cc• ains the routines specific to CG shadowing, main program

SHADOW.

PROGRAM SHADOW

This is a revision of old PROGRAM SHADOW to reve 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 froms OVERLAY(5,O)

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

In OVERLAY(6,0), which contains routines comon 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 n.uminq. The old name is preceded by "NT* and the whole truncated to six

letters. (PICTUR replaced by NTPICT, etc.).

PROGHRAM 4_TEXLC

This is the main program of OVERLAY(6,0). It receives the flag, JSAVE,

through coosson, and decides between camoaflage nets (OFVkRLAY(6,1), JSAVE-2) and

terrain (OVERLAY(6,2), JSAVE-4).

a) Called from: executive

b) Overlays calledi (6,1) for camouflage nets, (6,2) for terrain.

OVERLAY (6,_) contains the routines specific to camouflage net image gener-

ation, m•in program CAMNET. The old CAMNET has been altered to call INPIC and

to accept the input for restart option nw.ber 5 from the d.ata base.
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SUBROUTINE INSTAL

This routfite reads the previously 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) contains the routines specific to terrain image generation,

main program LANSCP. All routine6 are new.

PROGRAM LANSCP

This is the manager program for terrain images which calls the various

subroutines in sequence.

a) Called from: NTEXEC (as OVERLAY(6,2))

b) Subroutines called: INPIC, INTER, NTPICT.

SUBROUTINE INTER

INTER reads the nine records of procassed terrain data from the data base

and rewinds the 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 the PROGRAM SMADOW de-

scribed for OVKRLAY(5,2). Only the data reading routine, S(TGM(l) has been

changed.
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SUBROUTINE NSETC"E4

This is the camouflage net version of SETGM. It reads processed data from

the positioned data baso rile and t.canput'e and stores som parameters for ray

tracing.

a) Called from: NTS3HAD

b) Subroutines called: None

S1JBkY1T INE TSETGM

Vis routine differs from NSE7M only in the nature of the reads from the

positioned data base. For shadowing by terrain, only the first four records

of processed data are needed.

a) Called from: NTSHAD

b) Subroutines called: None

OVERIAY(10,0) contains all of the routines con to high resolution and

low resolution vegetation image generation, with the exception of the old SUB-

ROUTINE PICTUR (see discussion of secondary overlays). The main program is

K1AMAE. Many of the ray-txacinq :i; . n U Lit have Onot yct beer doc'hented.

PROGRAM XMAGE

This program reads the tree model data into smory from the IPD, identifies

the model an high or low resolution and calls the proper overlay for ray tracing.

a) Called from: executive, as O7VERIA'(10,0)

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

OVExjRY £0•jL contains, as main program, the revised a renamed subroutine

PICTUR, called here PROGRAM HPICT. The subroutines KRAYT2 and HRIGID are respect-

Avely, the suhroutines RAYTR2 and RIMID for high resolution ray tracing.

o'IipAYQ(,1L2) rconfli!n:j, as ial-ii prrvjzaA, the revi, md and rena~med subroutine

P1i2TUR, called here ;rw ,,. L-lCT. 11;u aubroutines LRAYT2 and L4IrGID are, re-

spoctivoly, the subroutines IPAYTP2 ard RIGID for low resolution ray tracing.

OVERLAY(11,0) contains all of the routines foc shadoving by a low resolu-

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

This program reads the tree model data into memory from the IPD and calls

the routine, VSHADO, which governs the scanning of the image being shadowed.

If it ppoves desirable, in the future, to introduce the Uigh resolution model

for shadowing, this is the appropriate routine to use as a manager to disting-

uish between high and low resolution ray txacing.

a) Called fromt executive, as OVERLAY(1,0)

b) Subroutines called: VSKADO

OVERLAY(12,O) is the old PROGRAM MEROE, described in reference 1, and re-

vised to read from the user designated files 121I and IS1 and write the output

on a user designated file IFO.

OVERLAY(13,0) is the old PROGMAM COW, described in reference 1, and re-

vised to reed and convert the user designated file IMI and output the result

on the user designated file BIS0.

5.5 Input and Logical Unit Assiqnments 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 logical units for input, output and permanent storage. The other

card input is read by some subroutine called by the selected program.

The following logical unit& are permanently astigned to input or to a

program and should not be used elsewhere except with great caution and knowledge

of the systomt

TAPEI assigned to the data basel should never be used elsewhere.

TAPE3 used by the forest data organising overlays, (3,0) and
'rAPE1O (4,0), these tapes should not be used elsewhere during a
TAUElI Y"setatioa rum.

TAPEI2
TAF13J
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Any other units named in the program card of PROGRAM TRAFFIC are at the dis-

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

which follows:

OPTION'CARD NO. COADU TS FORMAT

1 IA, IB, IPD (A4, 6X, A4, 6X, 110)
(see Section 5.2)

2 IF(I), 1-1,6 (6110)
(see Section 5.2 and

below)

lAm I CAM

There are three possibilities:

1) IPD-0, any I? - camera cards are required.

2) IPD-I, IB-IVEG - camera cards and sua cards are required.

3) IPD-I, IBOIVRO - sun cards are required.

CAMERA CARD NO. CONTENTS FORMAT

1 CP, CD, IOPT, NO (6F10,5X,215)

CP(. 3) - camera position
CD(3) - camera direction

IOPT-0)
aiming point

(IoP'-1)

NO - initial ray
spacinq in grid
points (default 8)

2 FD, LEP, FPOFF (F10.0)

FD - focal length
LEFP(2) - vertical and

horizontal di-
"sonlions of focal
plane

3 MAX (215)

HJX(2) - maximum nuo/b'r
of : aý.. ar points
vertitaiiy and
horizontally



SUN CARD NO.

IFLA, DS, WSS (5X,I5,4FI0.0)

IFLA - source type flag,
- 0, plane source

- 1, point source

DS - clearance distance from
imx'ge (for IFLA-0)

WSS(3) - direction from image to
source (I;LA-0) or location
of pioint iource, IFLA=I.

IA=IGEO

a) Any geometry (any IB) will require the followingi

IF(l) - 0 no input image for merging

- IBFI logical unit of input image

IF(2) - IBiO logical unit of output image

IF(6) - 0 don't save intermediate output

- ISVI copy IBFO to ISVl

b) IB - ICG or INET

17(4) - ISi ordinal number of target or net

in target or net file.

c) IB IVEG

IF(3) M IBI if IBFI was 0 for first tree model

image, then IF(3) is the output file

for the cumulative iumage with the

socond tree model. IBFI and IHFO will

alternate under program control.

IF(4),IF(5) JPIRST, JLAST, first and last tree

na4dels to >e run, see Section 5.2.

IPD must be specified.



d) All image generating runs require the following cards:

IF.2',E CAILD NO. C(,VTENTS FG?•MAT

I IPIX - picture number (I10)

2 CEN,SCF (4W10.0)

CEN(3) - locati- of geometry
origin in the real world

SCF - scale factor

3 blank card

4 ISTFI, I-ND, JSTARM , JEND (415)

vertical and horizontal raster
li-mits for this image.

IA-ISILA

a) All shadow runs (any IB) require (see IA-IGO, above)

IF(1) - IBFI

IF(2) - IBFO

IF(6) - 0 or ISVL

W' IB - ICG or 1NET

IF(4) - IS1

C) Is " IVEG

IF(4), IF(S)' JFIRST, JLAST
IPD uat be specified.

d) All shadow runs (any IB) require the same cards as image runs, except

for the blank card. It should be noted, however, that the raster limits here

should cover tre expected shAdow area on the image being shadowed and will, in

general, be different from the limits for the image generating rut,. IPIX refers

to the shadowing geometry and is not used except for identification on printoat.
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IA= ! ONVo

a) 1B a:.d IFD Are irrelevant to conversion runs.

b) Conversion runs require

IF(l) - IBFI

IF(2) - IBFO

c) The following additional cards are requiredt

CCi,VBRSION CARD NO. COWtMiTS FORAT

1 NPICT, ICV, ALF, WS(3) (M1O0, 4V10.0)

NPICT - highest value of IPIX

ICV - flag: <0 printer
display only

- 0 display +

tape output

>0 tap4, output

ALF - fraction of lIght
from sun; remainder,
sky light

WS(3) - vector pointing toward
sun

Card I is followed by NPICT groups of cards:

CARD NUMBER CONTENTS FORMAT

1 NS (U10)

Nxi nAbr of regions for
this picture number

(-0, for absent picture)

2 kCOLOR(l), 1-1, NRS (1015)

user supplied color number
versus region for this picture
number.

a
Card 2 supplied only tor nrn-zero NRS.
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a) IB and IPD are irrelevant to n'erging

b) Merging requirest

IF(,) - IS1 logical unit of first input imzwge

IF(2) - !S2 logical unit of second input image

IF(3) - IBFO logical unit of output image

c) No additional cards.

IA-IEND

a) (IF(I),I•I,I.l8•X) are logical units being used to save output. The

named files are rewound.
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6. DUIONSTPATION O1 ThE SYSTE.M

All of the major optionj of 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 specif .ed by the

government, has been executed. The resulting photograph is displayed in

Figure 6.1.

The production steps leading to this photograph include the establish-

ment and incorporation into the data base af the terrain library and the

forest library for a task site described by the government. These steps will

be discussed in Section 6.1 ano 6.2, respectively. The data for image genera-

tion, shadowing and color determination will be discussed in Section 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-

dizted times. The corresponding time for the CDC-6600 is about one hour. At

this resolution, and seen in full color (which unfortunately is not possible

in this refp)rt), the photograph is of surprisingly good quality and displays a

realism beyond our expectations.V
It must be concluded that the code system described in this report con-

tains all of the technology required to produce, with reasonable manpower,

and in reasonable computing timem, high quality realistic photographs of large

scale terrestrial scenes. The degree to which the data base and resulting

photographs will represent an actual teat site will be limited largely by

the input description of that site.

6.1 Ti'r.itin 1DecAption

A i•|qiare aros, 1400 kiltcmters on a slde, was relected by the (overreint.

and a turrain d.escl ition was providod Jn the ftulitmiog forme
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rigure 6.1 A Photogrsph of the Simulated Test Site
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a) Elcvation value3, in feet, from an elevation map, for

92 points. A few of these are plottkd in Figure 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 somA feelinq for color boundaries and

colors.

Ideally, the riad descriptions and color information should 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 photcgrsph was not available, color boundaries were selected

by MAGI to provide a mix of sandy and grassy areas simiar 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 the reqions; hence several of them were drawn from points

of high elevation down to points of low elevation, i.e., to behave like "wash-

outs". One of these regions, namely that marked 12, was represented as a

wide road, rather than as Ln explicit color boundary.

These data pressed the ,iiitj of the arrays and -the terrain installation

code and the terrain tay-tracing codes. Wmever, the compýuter time -onvumed

by the installation (M)GRAM INSTAL) was lese than three minutes on the IBM

lfi0/65, corresix)ndinj to lp.s than a minute (in the CTC 6J600.

6.2 Treo D) ýt r Ibut ion

7T1it bourn!:arl, of foro•~ted ar,.ý,oo, several linon of trovs and iswevr~l in-

'liv Iiuhm1 t rin~ w.e r rjm(A1d Iy tt M ov.rnmrntt an 0-own in V fqirn 6. 3 )wii

T.ablo ,.2. %N, i ro e typ.'in wero drtsi(natod the pine and the oak tree - and

the required moans, variances and densities were provided by the government

as described in Section 3 of this reyort.
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Table 6.1 Terrain ElevatoAn Table

z0 w 1000 feet

x (meters) y (meters) a - :t0 (feet) x (meters) y (meters) - z- (feet)

21-.0 100.0 6 2o. o01Pr. "

70.0) 9 rl 60.0 540.( 75u.f 80.N
1 ( .. o 620.0n 780.0 10,.0

100.0 IOn.,, 100.0 510.0 b l,0.11 100.0
30. () 1-.1 540.0 f,--. ri 12? .0
1. O. n ,0. 14C.O 55J0.0 100.0 100.0

Ilo.0 76rfn lnO.O 510.0 1%1`.0 100.0

1•. o n 100.0 510.,) 123 .n 100.0

51n.'. .11. . 770.o 0lr.n 10np.0

100~.0, 121 .0q. 190. 0 800.0 1c8o.6, 2J

30720.0 ,n1.

'. n nn . no 100. 60.0 7(.)0 120.0
25n. . n 12o.n 650.0 ,)i0.0 10 0j. 0

?70.0) *2•'.0 120•.0 670).0 197'.n 7Iol.f
£;on •"•q 60.0 ¶?L. 17.o•t i'&0.0

ruln I i,%* o0.l.I14 810C.70 100.n47.ýM n ( o, 720 0 f. A•( . 52 4 P0
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Table 6.2 Tree Data For Fiqute 6.3

REk" ION REGION TYPE TREE TYPE NUMBER HEIGHT RANGE
(meters)

1 Individual 21 1 17.1

2 Individual 21 1 14.8

3 Individual 21 1 13.1

4 Individual 21 1 16.4

A Boundary 11 !60 2.5 - 7.5

21 210 9.6 -14.4

A Line 11 113 2.8 - 5.2

A Line 11 32 0.5 - 1.5

B Boundary 11 82 0.5 - 1.5

Boudary 11 21 2.0 - 6.0

21 108 2.5 - 7.5

L Line 11 205 6.3 - 7.7

V Boundary 11 24 1.3 - 1.7

Boundary 11 109 6.3 - 7.7

,-Emurdary 11 421 7.2 - 8.8

Line 11 42 7.2 - 8.8

Line 11 13 6.3 - 7.7

K Line 11 40 1.2 - 4.5

21 35 1.6 - 6.0

Boundary 11 , 39 1.0- 1.9

21 39 1.5 - 2.5

SBoundary 11 17 1.6 - 2.4

21 12 2.0 - 3.0

N Line 11 29 6.4 - 9.6

0 BWundlary 11 14 7.0 -13.0

P Lwburndary 11 40 4.0 - 6.0

Q loundAry 11 52 2.8 - 5
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Again, an overhead photograph yould have served to provide these inputs

for the forest generator more reliably than is possible from m ry.

PWI.RXAM F, RGEN produced something more than 2000 tree boxes in about

a mintite of computing time on the IBM 360/65. A printer plot (elongated) was

provided by the program PIXOTR and is shown in Figure 6.4.

6.3 The Photograph

The camera position and direction were selected by the goverrment and

are shown in Figure 6.1 as CP and CD, respectively. The position is near the

top of a sharp tise (x=450 a, y-1200 s, z-67.5 a) and the direction is slightly

below the horizontal (about 50) and nearly coincident with the negative y

axis (CD - (+ 0.1, -0.99, -0.1)). The sun was placed behind the camera with

rays at an angle of 45' with the vertical and along the y-axis.

The field of view was of half-angle 22.50 in the vertical direction arad

half-angle 45" in the horizontal direction. Since, the required resolution

(650 x 1300 raster peints) exceeded the system limits of 1000 raster points

Ia ý-ither diilction, the field wi d•, did down the sidile, aid tux off.iet

images (650 x 650) were generated. These were later combined by a photographic

laboratory.

Table 6.3 is a listing of the input required bythe image generating

system to produce an image of the right hand field of view. Only one pair of

numers need by changed (in this case only one number) to produce the lett

hand field of views the offset pair (0,-0.5) most be replaced by the pair

(0.0, +0.5).

The total running-time for the shadowed picture has been mentioned already

an klhrse hornru on the HIAN 360/65. Akxout half of this was needfid for imarging

vegetation, uomewhgt lexx than a quartzr of it for imaginq terrain and some-

what loes than a quarter of the time was used in shadowing with the vegetation.
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Table 6.3 S ampe Zzput to tk Image Gdooratig •Oystm

ICAM IVF3G 0
'50.0 12(00, 67.5 0.0995 -0,99 -001 0 0

101.0 1. so.Go -0,5

650 n50
IGCO IVES 14

0 9 2 14
3

1 650 1 650

9

1 650 1 650
ICAM 1.

450.0 1200.0 67.5 010995 -0,99 -0.1 0 0
1.0 1.0 1o0 0.0 .0o5
650 65n

0 1.0 £+03 0.s 1.0 1.0
ISHA IVES 14

2 9 1 4
3

65n 1 650
ICON

9
4 0 0.5 0o 1. 1.

i1 1 1 t 11 11 11 11 11 ,1

55 A 4 31% 36 37

1- 13 13 11 14 14 14 15 126 1b
1f 1 17 17 17 1P 12 12 12 13 13
10 1) 1;) 2? 12 13 15 J3

3 44 7 0 9 iO 11 12
13 14 1 14 17 18 19 26 21 •2
v 3 2't 2!) 26 27 24 29 30 31 52

3 5 & 7
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About ten minutes were required for the conversion pass. No terrain shadows

were possible with the sun at a reasonable angle, but a terrain shadow pass

would have added &Icut 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 groutd. All terrain regions and roads were given a reddish sand back-

ground to whi-.h varying amounts of green were added for the terrain regions, and

a small amount of black was added for roads. The machine time required for a

cnlor pass is a few minutes on the IBM 360/65.

Finally, we call attention to the fact tlat the trees of region B

(Figure 6.3) are not seen in the photograph. These fifty oi.d pine trees

ranged in height from 0.5 meter to 1.5 meters and thus, at the distance of two

hundred to four hundred meters, an individual could cover no more thai. two or

three raster points. The initial coarse grid on which rays were fired had a

spacing of eight raster points and it was therefore inevitable that most or

all oi these small, widely spaced, specimens should be missmod. Although, in

this case, most of the trees were too small to be seen even if struck, a border-

line case can be treated in the following ways the vertical and horizontal

raster limits of the region involved should be determined and the camera option

of th* executive should be invoked with an initial grid spacing of 4, 2 or I

raster points, followed by the vegetation image option with the above raster

limits. This can be fotlowed by another "camerag run with the coarser grid

before going on with the oth;" elements of the picture.
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APPENDIX A - VEGETATION ROUTINES

INTRODUCTION

In addition to the vegetation ray tracing routines in the picture making

system, there are two stand-alone programs which are used to generate the

tree aata 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 Resolution Construction program which convert# the

high resolution data *et into a low resolution data act.

These two prnram and the vegetation ray tracing routines will be described

here. There are many routines in the present ray tracing routines and con-

struction programs that are identical to those routines in the previous multi-

stage vegetation model. Details concerning these routines can be found in re-

ferences I and 4.
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TI1E TPEF C,.STRUC713N PRC)%A.XM

The construction program is written in six overlays. Its primary purposfj

is to generate a two-stage data set for an individual vegetation body. 2he

program requires the same input as the original multi-stage model with the

*

exception of one additional option card . When used in the construction mode,

the program generates a data file containingi

a. The location and dimaensi:'r•s of all the bodies (cones and leaf

cloud boxes) of tie tree in its own coordLate systam.

b. Thi.ee dimensional sort of these bodies into a 15 x 15 x 25 cell

struc turk.

c. The packed arrays opec fying the internal structure of the

lead clouds.

d. Miscellaneous ray trace data. These data are used by the high

resolution ray trace program.

kor dotaile fencerning input, ooe documentation for the multi-stais
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OVE.PLY R."J" IIIE OF OViEiLAY

(0,) R DRIVE I Ovcrlay is primarily r-esportaible, for calling
otý-her cxv:rlayl. Cuta,.aý routine a 'iei by

W'-113TE 2 ora than one oý.'erlpy. Covrlay alu qci--n
S U4" UI~ p atas data (in SZtLGVlzvivl for nmiltiple
1%- 2 trees to be uBCed L-. mi t.1-st~age ray tr&Anqr.

in Overlay (5,0)

VE GI 2T

ANGLE S*

WRIT*
BE L014G*

(0,l U:41 , r (I)c ýýoa;i~a gnorteAim verlay (3,0) t
M),UCEciaste arrays containing the location and

Vie reqiiýrsd two~ stage data (ThC data and
leaf cloud box da&ta)

(2 )UP 2 Usov data qansra~tod hy overlay (1,0) to gon-
IJIdPA'* erate three dimenvicn~al call structure. C*I I

PACYYRstructure data #pvoclfied which of the Ivany
UI NO sbois r oontainod in~ each ofthe calls

A~~I caveriar the tro



OiERLAY . AND FUCTI¢IN

OVLAIAY KA.T1INES FUNCTION CT CfvFR!AY

(3,0) TREE ,leads data describi'ng tree. Generates orl-
bDY DAT g.tnal multi-stage tr.e data. DatA reqAiod
COlY is identical to oriqiral multi-etaga data
FEGTRA and is read from input

(4,0) WHITER Prints out all two stage data generated byj
overlay (1,0) and overlay (2,0)

(5,0) 1'71 .UR Contains all the routines necessary for
.WUL) multi-stage ray tcacing. Uses data from
L-' A; overlay (3,0) and overlay (0,0) to produce

block format image tape.
C,' ,ITC

P INE

kAY'['"
RIGID

it ILL

(6,' ] UATrET Uses •AtA frog. overlay (0,(') overlay (1,0)
and overlay (2,0) to output complete two

-- tage cell structured binary data met.
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!:FI(F,2CNGOF VULTINYS FND DATA K4.W

The lai>ed diagrama illustrate the calling saqtence for overlays (0,0),

(1,0), (2,0), (4,0) and (6,0) and the files used by the program. Overlay (3,0)

consists onA.y of routines responsibie for the corwstruction of the multi-stage

tree. The linkage and data are unchanged and will not be diagramed. Simllar-

.y overl&y (5,0) contains only muiti-targe ray trace routines and will not be

diag-aaumed. Fu.rther de:tails concerning the linkage can be fou'rd in earlier

documentat iun.

Note that in the diagrams scw& of the data is deacribed as data (a), (b),

(c), or (d). Theae refer to the two stage data as followas

(a) location and dimensions of all bodi•s

(M) cell structure arrays

(c) intrrna! struct re of leaf clouds

(d) miscellaneoux ray trac. dita

i)E'CPIPTION A14D F ONS 07 KEW ruIbS

loutinse marked with an asterisk in overlay (0,0) as welil as all routines

in overlay (3,0) and (5,0) are taken from tie original multi-stage model. They

tre uncha••Ied a&W will not be described. Flow chart's are provided for selected

routines.

'rPM4IViv it main dilver program. its only functions are reading the option

c, avl onpnirnt the film*, call'ing the starting routines, and writing out sotno

;I t'A t' j3 t c4
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S:L•[c IrE WklTE2

WRITE2 writes a binary file on tape 7 containing contents of common blocks,

FG, COLR, KD, KIDUt A-nd RAYTR. Theas blocks contain ray tracinq information

which are necessary for both the original miulti-stage ray trace &ad new two-

stage high risolution NAYTRACE,

SCL•A INES TT (1N) AND .- 72 (IN, I4M)

These routines simply compute processor time between various program steys

and print out the time with an inric36ting message.

VARIABLES

IN - Alphanumeric message to be printed

IN - Numeric information in mwssage

Sý'.-40"N__ EýUT2_V,- ( _Hj G, RB, P'T)

(conyutes Zody ddia tot amalloit iPý which wuld cccArILeiy contAin a g~ivel

con*.

VAPIABILIS

V()) - oons vertex vector

H(3) - cone huiqht vector

)(H w cone haso radius

RT - (one top radius

V ! 1..1T 1., , .,,' I •! I.; ,n 1 ,ij ., onoIt& 'er , it ý'1` 0 'Al" :, . ,, v',rl ays I',

Cqll structure conitiuct ion based up'n inpiut option parameters.



PRP.rCAM UNPACK

MPACK is the main program of overlay (1,0). Data describing the tree is

stored in coamen blocks GEKX2, ITPE, and GEOH4 which wera generated by over-

lay (3,0). The data is stored in the multi-stage format. UNPACK changes the

data intn a two stage for-at.

In the multi-stage format there are three types of bodies: cones, RPPs,

(leaf cloud), and boxes (containing the entirety of a lower stage). UNPACK

ccwputes the rotation matrix (W), tranalation vector (V), ard scale factor (D)

that would transform body data for a lower stage rody into the proper "real

world" )xdy data (complete tree reference frame).

This transformation data is computed from the stored *oopyn" data in the

multi-stage arrays. The resultant two stage data which is producod consist#

of the body data for each individual cone or box (leaf cloud container) ex-

pressed in this single complete tree reference frame. The internal structure

of the leaf cloud RPP is unchanged. The entire tree is enclosed in an RPP

situated entirely in the positive octant.

See flowchart 0I

StIBFOUTINF. MEAX-C (S1ýý 1ZNjq

In ('NPAC'K, data for each body is cofmputed relative to a cotplete tree re-

ference frame which is in reality stAge 5 of the ulati-stage mdeol. However*

due to the corintruction of h•xes over each 4th stage body (one in overlay (3,0)),

the covering R1'P iS larger then is neceesary. FDTirtx consid.rs all of the holier

ir, thý$ tWO F%!'A(inO and ct-aqn),ites p*.-amoetro of Ilia timailost W111 whi':h

w-i:II coCw1IJeoly rcontatin all of the ix.lta. A trana.ation of rrordinatoes t.

r,•d#, eo that the IU1P .•)v-rlinq the bodies will s1till waintain the property of

having one vertex located at the coordinate origin.
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VA~RIABle•S

SIZE (3) - SIZE (1) ar•d SIZE (2) are x and y dimensiona of the RPP divided

by 15. SIZE (3) is z dimension oO RPP divided by 25.

NIR - lotal number of bodie4 in two stage description.

11; f, AM S -ET I1P 2

Sr.T1UP 2 is t, main program of overlay (2,0). The RPP covering the tree

ia 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. This routine (through its sub-

routines) deteruines which cells of the matrix contain any portion of the ex-

ternal surf,.ce of a given body. it thereby generates an array specifying

which bodies are contained within each cell of the covering matrix. Noteg if

any cell is completely containod within a given body, the cell is deemed not

to contain the body (i.m., only extornal body surfaces are & .ooiderad). The

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

stsucture array.

See flowchart 02
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SUBF UTTNE BELONGC C MXL, IR, V, HL RB3 RT, CELL)

BLLONG C computes which cells af the covering cell matrix contain any

portion of the external surface of a given truncated right cone (TlC). First,

the smallest RFP which would completely inclose the TRC is constructed. From

this RPP, one determines the maximum and minimum call 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 intarsection of the cone& with each of

the possible cell wall planes is then computed. The locus of these intersections

will either be an ellipse or some portion of a conic section connected by

straight lines as shown belowt

CEL. WALL PLANES

• ' ... ... Ccnic

ellipse1 J S,.fction
- Ar-,se-;1ent

"-'-or Top

cell Intersection with Intersection with TRC
boundaries TRC sidoe side and Base or Top

TOP

M a
A ~ C(Xn•i Ic: 2t•, :t ionf

Interasotioa with TUC
"1<100 Balee, am Top



Wiznin these cell wall planes, there are further inter3ectiona with the two

•A:.;•n~i~a1 ceil -oiniary lattice a&nd the TWC loci as shown the ar vi us

d.,arram. All cells who3e bournaLry contains one of these puint intersections

d=ti•ed to contain the TRC.

The routine also packs the words for th appropriate entries in the call

structure array to reflect that the particular cell contains the given THC

(hod'y number XR).

VAP 1AMI.ES

XL (3) - dimensiona of cell

It- body nuva.)er

V(3) - vertex vector for TRC

H(3) - height Vector for TRC

k3 - radius of TRC base

RT - radius of TRC top

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

c (;,iWRUT rNE IWIM'U _(( _GL

Routine is called by bEtLNG C. Variables Gk and GL correspond to values

for a po-r.t Intersoction between a TWC and n dimensional cell boundary lattice

on a given cell wall plane. INCIJJD computes the indices of the cells whosp

boundary contains the point intersection.

Y111;f( _Iuu, YrWbT-24T .(',i A LA4 A k, 94T (;

kautine !a culled by H-LOG C. Its function is to determine whether the

TiV" LtIe or r'WC top interseac, with a gjiven cell Well plane. If either the

i oam (prt bee lo4Anfoor,,..t, ItTUI;T also roputras tho oki~pointe of the linle of

Il~titrm@ct ion,

jkji



VAR TABLES

IBT - Logical variables which is true when intersectiorn occurs.

RB - radius of TIC top or base (whichever is being considared)

CD - equals either 0 or 1.0 0 - base 1.0 + top

A(3,3) - elements of a matrix ratisfying Z A XiX- R(t) 0<t<l
ij

which represents outer surface of

cone sides. Note t - 0 - base t W 1.0 ÷ top

BM3) - coefficients describing base or top plane.

GK, K, L, M - set of parameters describing cell wall plans.

K - 1 L - 2, M - 3 constant x ,1lane at x - GX

K- 2, L - 3, M - 1 constant y plane at y - GK

K - 3, L - I K - 2 oonstant z plane at s - GK

(GLO, GCOj) (GLI, GMI) - two an points of intersecting line

BL'L4*G I c-a-putes which cells of the covering cell matrix contain any

portion of the external surface of a given box (leaf cloud container). Again

the boundaries of cells are represented by planeo of constant x, y, or zz. The

intersection of any box face with these plans. are line segments. The routine

coisputes these line segments (including their end points) for eanh of tha

pomaible cell wall planoq. Point intersections of the ýsmainmng cell w'

boundariec (the two dimensional lattice of cell boundaries in each cell wUlI

plane) with the box plane line segments are then coaputed. Any cell whose

boun, iary (oftAi toa U IXn11t int'rezctioGs are ft deW4 to cMnt.i* the Lb) ip

qktut ion.
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W.jutine is cillizd from BZL., B. Variables (x, y, z) correspond to

values for a pý.int intersection between a box face and the two dizenional

cell boundary lattice on a given cell wall plane. D•IC-UB computes the in-

dices of the cell whose boundary contains the point intersection.

STijfj [I-1:E PArT:9 (K, I, J, I•,)

If aAre tan 4 bodies are contained in any cell, it will require more

than one word to list the body numbere. PACIMR temporarily store" these body

nunlkrs on rajdc;m macs storage (RAS) diak,

VARIABLES

K - cell number 1<K<5625

I - present contents of cell array

J - nuber of bodies in cell

IR- body number

SITBFl¢'•1hIN ? RPIACK

For all cells containing more than 4 bodies, body nu.mber is stored on

RPM. After all bodies have been considered, subroutine =ACK recalls the

data and packs the words of the coil array (Cell (l5,l5, and packs the

overflow data in an addition arra, (cell 2).

Pv-utine roads information from throe files (TAPE], TOP34, an TAPX7).

i'ems* t)s.m all contin different putlons of the tWtal tr" data set. LATS'.r

then 'en ým tbe antize dati =oet on one file TAPFI.
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Fr-:k,,nix re~uires the aiae inp;ot as original vegetation c-rstruction

pro•rzxm with the exception of the first card (option card).

Option Card (ISELEC(I), X-1,3)

Furmat (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) - 0 No ray trace

I Ray trace with multi-stage data sft

ISELRC (3) - 1 No ray trace and no printout of multi-

stage data $et

0 Printout multi-stage data set

FOR•MJT OF D&ITA . T

*Ihf t *e (TAPF3) cont-ins tw) filas each of one record and all

in binaýýy format.

File 1

There is a total of 21631 words on file I in the following arrayss

MA (3010)_ Contains integer body data for body niber I

MA (21-1) Cuntr.Ins body type (5-TRC, I-BOX)

MA (2*1) Contains pointer to location in FPD array containing

real body 4ata

HA (3001-I) Contains region number

-, Contains real body data

Yor TRC - 8 words (3 for vertex veoatorl 3 for height vector,

•, r4t~iiusg a14d lop tadius)

For ,X - 12 V^),.dA (3 for vltrtax Voctcro And I for earh ,)f the

3 h.41]ht vectors

65)



CEL•L (1S•, l£5) - Contains body numbers for those bodies in given ele-

ment of the three dimensional lattice. A-l wirds Are

packed integers. This is called the cell structure

array.

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

2 1 *(2nd body 0) + 26"(1st body #) + (0 of bodies in cell)

If there are greater than 2 bodies in given cell, word is similarly p-.cked

except that the second body I is replaced by poi.itar to location in CELL2

array where remainrer of body numbers can be fourm.

CIELL2 (C003) - Contains packed integers with body numbers for tlio&a

cells containing more than two bodiei. There axe 3 additionwl body nembers

in eacY word. Additional body numbers for the given cell are found as

necessary in succeeding words of the eLray.

30 U-1)
Integer word is E (Body #) 1024

i-I

XIJ•AF - X dimensiot. of lot stage leaf cloud WP

t - Location of Body data for lot stage oone

in RPD array

XL(3) - Dimensions of a unit cell

NLEAF - Location of RPP data for let stage leaf cloud

in lPD array.

Fil 2

Mis file hAc 1671 words arn contAins the contente of the follovinrg

conion blocks.

, / /1 0 ,'/ j iAID/ : . ndi / PAY Ti/

'fl0.its cfa CdEwm b l. ckv c~ontai af i sý.,llanw)!v &s tat stod by ;he ray t i. cc iu~tinres.

The atri w- t kievi ('f, ci T o S of t ha C(0fl • i1 , ,ko are Marttca I w thos)N i n

il.v oCti i iaL ri ndt -s ta'jM Gol.1.
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OVERLAY (0,0)

A T OTi

A WFE-RLAY(3,G

1 OVERLAY (1, 0)

*OVERLAY (2 )



OVERLAY (1,0) Oo ERLAY (4,0)

1,;PACK WRTE

""A • r.DATA
Q(A)A

EEQUIVZ P STNG

•Fb &WY DATA

( VRA (A,',

CATA
(A)

A TA

WRIT 
DAT)

DATA

"- PPN7ER LITiNG

* 

DATA

6(A)

* 0~~VER~LAY(C0

OA SET



OVERLAY (2,0)

SET

PP
DATA
(A~

DATA

R•EED. '" -

N B --- EQUIV21

INNCLUS

CRcOZ]
PACERDATA RMS

Do•
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FLOYCHART I UNPACK

Compute tronsformations to take 4th Wage bodies to complo-

tree reference frame

r Loop on 4th stage bodies

I a this
th stage

body real 7
Is come Transform body data

to complete tree
NO reference frame

ext lower s

More YESCompute kwsformation 4th stage
from next lower stags to bodies
complete tree reference
frame NO

End looo

st
body In the YES

stage 7

Go to next
NO higher

Is
Is this 'the NO

COPY the next C stage ?
body a cons

RPP, or a
c opy YES

RPP LEAF CLOUD

Transfoirm loaf c1oA RPP ITronsform, cons data In
data to box data In tree, tree retwWwo frame
rsfww.ce frame.
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FLOWCHART 'I UNPACK (Cont)

CALL REDUCE-

Write out all b..dy data
Son TAPE3 (bknay)

Write out an TAPE4 all
body data. howeve with
eaCh I*t Of dote for

each body aes spercts

* ENaD



FLOWCHART 2 - SETUP2

V----T
Red from "CE4 the *I "tom sl aRdnu•mber of bodhIe._ s•bdT_.__

F*OOovove each bod

FRead body type

I. cL .E~l. ! , ov o
CoReaCe cell Daa oovxrD

RPP

l C NO
C ALL REPACK CL EOG

. Writs out c"h kwt- Pack 6ody rnw Into

ure an TAPE4 opriate words of cell struct-
_,e a•ray. If *al svrctur

word contains aore thaA

4 b•d:es -

CALL PACKER

More
di"
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LOW RESOLUTION CONSTRUCTION PROGRAM

The low resolution construztion program is a stand-alone prograz. which

converts a high resolution data set into a low resolution data set. This

data set has the following information:

a. The location and dimensions of a.'! large TRCs making up the trunk

and major branch structure of the tree.

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 l1t stage TRCs from the old multi-stage model corresponding to secondary

branches).

The program reduces the size of the body data arrays since box data for

leaf cloud containers and let 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 volwes with the cell

in question.
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MWRY "O" "pop I WWPO IP W. ý1

VEGETATION RAY TRACING

High Resolution *

The high resolution ray tracing produces a block format image tape iden-

tical to the image tape produced by the multi-stage model. The following

routines are re3ponsible for the high resolution ray tracing:

PICTUR** RAYTR2 MU"

:tDEX** RIGID PINE*

RAfTRK NEWGG CL=*

RAYTRL FOG*

The routines marked with an asaerisk are unchanged from the original multi-

stage model. Those marked with a double asterisk are comon to other types of

ray tracing (i.e., conventional geometry, terrain geometry, or camouflage net

geometry). These routines will not be dejcribed.

SUBROUTINE RAYTRK (CP, CD, NC)

This routine is responsible for assuring that the proper trees are in memory

far the ray tracizig. Due to tkz largo number of trecs possible in the scene, it

was necessary to have pro-sorted which trees could be struck by rays from a

given block on the block format image t"pe. 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 memory at any given time. Hence, the box data

for the trees must be read into memory in groups of 200. This box data is

stored on disk file TAPE 3. RAYTRX reads the file TAPE 10 and determines to

which of the 200 resident trees ray tracing should be attapted on the basis of

thq block indices for the current ray. RAYTRK will also read in another group

of 200 trees from TAPE 3 as required.

Called from, PICTUR

Variablest CP (3) Camera position coordinates
CD (3) Ray direction

NC Region strike number

Routines called# RAY'TR

94



SUPROUTINE RAYTRI (CPA CD, NC)

RAYTRI is retponsible for ray tracing to the boxes containing trees. If

a tree box is struck, the ray is tcansformed into the reference frame of the

tree and internal ray tracing is performed by RAYTR2. If an internal ray

strike is made, RAYTRI transforms the normals back into the real world re-

ference frame.

Called front RAYTRK

Variablest 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 trew box. A trans-

formed ray is followed through the cell structure. Tracing is done to the ejeo-

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

boxes. If a ray strikes a cone, a normal is computed 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, CIWU, MURK, and PINE. Due to the great number of

bodies (TRC, and leaf cloud boxes) comprising the tree. there is a covering

three dimensional cell matrix over thm entire tree. The path of the ray in-

tersects only a few of the cells of the matrix and tracing is done only for

those bodies along the path of the ray.

Called from: RAYTRI

Variables, DIS - distAnce to ray strike from troo tnx a-arface

CP (3) - coordinates on tree box surface where ray enters

CD (3) - ray direction in tree box frame

NC - region strike number

XMIS8 - logical variable which is true of ray misses

all internal tree bodies
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Subroutines .called: RIGID, NEVhG, FOG

SUBR&OUTINE RIGID (IBOX, EXIT, START, CLAST, CD, NN)

Subroutine RIGID uses the call structure array to determine which bodies

are contained within any given cell of the covering t hree dimensioni.l matrix.

The body numbers are returned to RAYTR2 for ray tracing.

Called from: RAYTR2

Variables: IBOX (64) - array containing body numbers of those

solids (TRCs or leaf cloud boxes) to

be traced toward

EXIT - logical variable which ij 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

CD (3) - ray direction in tree box frame

NN - number of body mnumbers in array IBOX

Fubroutines called: None

SUBW.!YCTINK ,NWGG (ISIDE, DIS, BOX, ITYPE, CD, CP, tKISS

This routine computes the strike distance for intersections of rays with

the three dimensional solids (TRCs or boxes).

Called fromt RAYTRI, RAYTR2

Variabless ISIDE integer specifyinq which surface strike -=curs

(i.e., flat surfact or cone side)

DIS distanoe from ray origin to strike point

BOX (12) array contAining body data (i.e., box height

vectors or THC data)

ITYPE integer specifying body type (TRC or box)

CD (3) ray direction

CP (3) coordinates of ray origin

INIS8 logical variable which Is taLu of ray missas body



Routines called: None

Low Resolution

In the high resolution model, all ray strikes are computed as intersec-

tions with three dimensional solids or as strikes with leaves or twigs inside

leaf cloud containers. In the low resolution model, ray strikes are d6ter-

mined probabilistically for leaf clouds and the smaller cones representing

small limbs. For" the trunk and major branch structure, the ray tracing is

done as it is in the high resolution model. In the call 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 stracture are

also stored in the cell structure array.

The routines which are changed in the low resolution model are RAYTR2 and

RIGID. In addition, the routines FOG, MURK, PINE, and CLOUD are no longer used

since there is no ray tracing internal to the leaf cloud c-ontainers.

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

The routine arguments and definition of these arguments are the same as

for the high resolution RAYTR2. Tht low resolution RAYTR2 traces only to those

TRCs comprising the trunk and major branch structure. Leaf strikes and small

twig strikes are cnmputed 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

free paths (A) for rays in that given cell. A random number is drawn (P) be-

tween 0. and 1. then a distance R - A in (l-P) is 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 next call

provided no TRC hits are made. There is never any ray tracing either to

leaf cloud boxes or internal to these boxes.

Called from: RAYTRl

Variables: Same as for high resolution RAvTR2

Routines called: RIGID, NKWGG

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

This routine extracts both the mean free paths and body numbers for the

large TRCs from the cell structure array for each of the cell* along the path

of the ray. This information is returned to RAYTR2 for processing.

Called feom: RAYTR2

Variables: - Samwe as for high resolution RIGID

Routines called t Non*


