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1.0  INTRODUCTION

The Articulated Total Body Model (ATBM) computer program simulates gross
human body motion in responée to internally or externally applied forces.

Program VIEW was written to provide visual computer-aided data analysis for
users of the ATBM program. It plots a pictorial representation of simula-
tion-generated body position data at any constant time step. These plots,
since they are projected views as seen by'a camera, tan be directly com-
pared with pictures taken from tests using dummies or human subjects. The
plots from the VIEW program provide an efficient method for preparing and
checking initial position data used for input to the ATBM program. Still
pictufes of the initial position of the pilot and cockpit configuration can
be overlaid with plots from program VIEW that represent body position data
at time step zero. The input data can then be adjusted until the desired
positions of the body segment contact ellipsoids are obtained.

Plots from program VIEW approximate pictures taken with a camera because of
the projection technique used by the program. Three-dimensional objects
are projected through a point onto a projection plane. This is similar to
3D objects being projected through a lens onto a film plane. The viewpoint
~used by program VIEW must be placed at the corresponding position and
orientation of the camera lens to reproduce the same aspect. Then, by
selecting the correct scale factor, plots from the program VIEW can be
overlaid with pictures from the camera. This provides a convenient means
for pictorally comparing simulated and photographic experimental data.

The basic graphics elements used in program VIEW are ellipsoids and
polygons. These basic elements correspond to the ellipsoids and contact
planes used in the ATBM program. The VIEW program has the capability to
plot convex polygons with up to four sides which allows the plotting of
realistic figures. The graphic elements for VIEW are defined by data
stored on logical unit number (LUN) 1 which is a data file generated by the
ATBM simulation program. VIEW reads the ATBM input file to obtain linear
position and orientation data for the elements at any requested constant
time step.



Each element is represented by a set of contour lines that are projected to
form an image on the projection plane. Each contour line consists of a set
of connected vectors in three-space that projects to a set of connected
vectors on the projection plane. ALY

The first step in generating the 3D ellipsoid images is to define contour
lines for ellipsoids. This is done by setting up a grid mesh in the local
X-Y plane of the ellipsoid. The Z values fqr the contour vectors are cal-
culated using a constant X value and changing Y by constant increments.
This results in ellipsoidal contour lines that are concentric about the
local X axis of the ellipsoid. Since these contour lines are fixed to the
lTocal coordinate system of the ellipsoid, any rotation of the ellipsoid
will be seen as rotation of the brojected contour lines. Polygon contour
lines are defined by a set of vectors in the global reference frames, each
of which represents a side of the polygon. These vectors are projected in
the same manner as ellipsoidal vectors. The result is a plot of the pro-
jected contour of the polygon.

Hidden line routines are included in the VIEW program. These routines
eliminate sections of contour lines that are hidden from a viewer posi-
tioned at the viewpoint. Some lines are hidden because they are on the
surface of an ellipsoid that faces away from the viewer. Other lines are
hidden because another element blocks that contour line from the viewer.
The routines that check for hidden lines are formulated to handle elements
that are imbedded in other elements. For example, an ellipsoid can be
imbedded in another ellipsoid. The contour lines will be drawn only up to
the intersection of the surfaces.



2.0 INSTALLING THE VIEW PROGRAM

The VIEW program source code contains 1717 lines of FORTRAN code,
consisting of a mainline and 36 subroutines and functions.  The subroutines
and functions are in alphabetical order. VIEW was originally developed on

a CDC 6600 and has since been implemented on a Perkin-Elmer 3242 computer

and an IBM 370 computer. The version used for development of this document

was the Perkin-Elmer version. A1l Calcomp plotting calls are standard
except the call to the initialization subroutine PLOTS which will be dis-
cussed later. A1l other subroutines and functions are either contained
within the program or are standard intrinsic FORTRAN functions (SQRT, COS,

etc.).

2.1  POSSIBLE PROGRAM MODIFICATIONS

Although the VIEW program source code may compile and execute properly on
the target system, slight modifications may be necessary due to compiler
differences. They include the following:

In certain FORTRAN compilers, seven character subroutine names
are allowed. VIEW has incorporated this feature. If the
FORTRAN compiler on the target system does not allow this,
subroutines BUILDIE, CONVREC, LSEGINT, OVERLAP, and all refer-

ences to these subroutines must be trimmed to six characters or
less.

This version of VIEW was implemented on a 32 bit machine. The
character packing per word factor was set to 4 (A4). If the
target computer is other than a 32 bit machine, the character
packing factor will have to be changed (16 bit to A2, 60 bit to
A7, etc.). This is done by altering the format with statement
label 200 in the mainline and the format with statement label
200 in subroutine TITLE. Allow for 8 bits per character.



Hollerith strings in this version of VIEW are enclosed by single
quotes ('. . .'). On other target systems, new delimiter

characters may be needed (e.g., *. . .*, ". . .," etc.).

In READ statements, the END = feature was used to check for end-
of-file on the input files. If this feature is not in the
target system FORTRAN compiler, an alternative means of checking
for end-of-file will have to be used (e.g., EOF function on CDC
systems).

The call to the Calcomp subroutine PLOTS in the mainline is for
a Perkin-Elmer system [call PLOTS(0, 0, LUPLOT) where LUPLOT is
the logical unit number of the plotting device]. Consult your
system operator for the protocol used on the target system call
to PLOTS. '

The subroutine NFRAME is designed for a Grinnell color graphics
subsystem on a Perkin-Elmer 3240. If this option is chosen for
the VIEW program, consult your system operator for the protocol
needed to interface to your graphics system.



3.0 VIEW PROGRAM MAINLINE DESCRIPTION

The general. functions of the VIEW program are listed in the numbered blocks
in the flow chart of the main routine (Section 5.1). A general description
of each block will be given. For further information on a particular
block, see the subroutine descriptions later in this report.

Block No. 1 calls subroutine INPUT to read data from the input control file
and the ATBM input file. The input control file defines parameters for
selecting what data are to be plotted. The ATBM input file contains data
generated from the ATBM program on unit 1 that defines object sizes, orien-
tations, and positions.

Block No. 2 calls subroutine CONVREC to convert rectangles used as contact
planes in the ATBM program to polygons used in the VIEW program and to
transfer planar coordinates for all polygons to the inertial reference
system. See the discussion of CONVREC (Section 4.4) for further informa-
tion.

Block Nos. 3, 4, and 6 are used to decrease the computation time of the
hidden Tine subroutines. Without these three blocks, the hidden line sub-
routines would have to check out every point or 'vector head' against all
objects to determine if that point was hidden or not hidden. The subrou-
tines contained within these three blocks project all objects onto the
projection plane and generate perimeters for all the shadows of the
projected objects.

In Block No. 3, subroutine PRJPLY projects the ATBM and input polygons onto
the projected plane. This is the form needed by the analysis performed by
subroutine BUILDIE in Block No. 6.

In Block No. 4, subroutine PRJELR performs the projection of the
ellipsoids. Ellipsoids, in general, project as complex, nonelliptical
shadows. If the viewpoint coordinate system points directly at the center
of the ellipsoid, the ellipsoid projects to an elliptical shadow. The
subroutine assumes that this is the case. PRJELR projects all ellipsoids

10



as elliptical shadows circumscribed with rectangles to conform with the
format of subroutine BUILDIE,

In Block No. 5, subroutine POLYD is called to generate the directional
cosine matrices for all polygons. See the description of POLYD
(Section 4.22) for further information.

In Block No. 6, subroutine BUILDIE takes the polygons formed by the third
and fourth blocks to build an array that defines object overlap. RUILDIE
starts with the first object and records the object numbers of all polygons
that overlap with the first object.. Then the second object is selected and
so forth until all objects and their overlapping objects are stored in the
array IE.

Blocks No. 7 and No. 8 call subroutines PSE and PLPLN to check each vector
against all the blocking objects recorded in the array IE with the hidden
line subroutines. If the vector is not hfdden, it is projected through a
point onto the projection plane. The resultant vector is plotted. Note
that while projections performed by PRJPLY and PRJELR are only on the
perimeter of the shadow of each object, in PSE and PLPLN, the projections
are of vectors that make up the contours of the objects. The program
returns to Block No. 1 to get the next data set.

11



4.0  VIEW PROGRAM SUBPROGRAM DESCRIPTIONS =

No. Name Type
1 -MAIN S Main Program
2 BUILDIE Subroutine
3 CLIP : Subroutine
4 CONVREC Subroutine
5 CROSS Subroutine
6 DET Real Function
7 DOT Subroutine
8 DOTT Subroutine
9 DRCYPR Subroutine -
10 ELIPSN Subroutine
11 EXTEND Subroutine
12 GENDCM Subroutine
13 HIDE Subroutine
14 HYDE Subroutine
15 INPUT Subroutine
16 LSEGINT Subroutine
17 MAT Subroutine
18 NFRAME Subroutine
19 OVERLAP Subroutine
20 PLPLN Subroutine
21 PNTPLT Subroutine
22 POLYD Subroutine
23 PREPLT Subroutine
24 PRJELR Subroutine
25 PRJPLY Subroutine
26 PSE Subroutine
27 ROT Subroutine
28 SOLVA Subroutine
29 SOLVR Subroutine
30 TITLE Subroutine
31 TPOINT Subroutine
32 TRANS1 Subroutine
33 XINTCP Real Function

12



4.1

34 XYZ Subroutine

35 YINTCP Real Function
36 XYZ Subroutine
37 4 Subroutine

MAIN PROGRAM

a'

Purpose

Main program for the VIEW plotting package providing graphical
representation of the ATB model output. Controls the initiali-
zation, data input, data processing, and plotting output func-
tions of the program.

Subroutines Required

BUILDIE, CONVREC, DOT, ELIPSN, INPUT, MAT, NEWPEN, NFRAME,
NUMBER, PLOT, PLOTS, PLPLN, POLYD, PRJELR, PRJPLY, PSE, SYMBOL,
TITLE

Labéied Common Blocks Used

ATB, DBUG, ELLIPSE, INTERS, PLTT, POLYGON, VIEWP

Input or Argument Parameters

Input cards 1.0, 3.0, and 4.0

Optional Output

IDEBUG (1)
IDEBUG (2)

1, print NIE array

2, print IE array

13



f.

Procedure

1. Read input cards 1.0, 3.0, and 4.0, Call subroutine INPUT
to get ATB data.

2. Call subroutine CONVREC to convert ATB rectangles to VIEW
polygon and to transform all polygon data from the segment

coordinate system to the inertial coordinate system.

3. Call subroutine PRJPLY to project polygons onto the
projected plane.

4, Call subroutine PRJELR to circumscribe ellipsoids with
rectangles and project them to the projected plane.

5. Call subroutine POLYD to generate directional cosine
matrices.

6. Call subroutine BUILDIE to define object overlap.

7. Call subroutines PSE and PLPLN to plot ellipsoids and
polygons, then go get next data set.

4.2 SUBROUTINE BUILDIE

ad.

Purpose

The BUILDIE subroutine is called by the main routine to build
the IE and NIE arrays. These arrays are used by the hidden line
routines to determine if any objects block the point being
plotted. This subroutine uses the data stored in the CONVEC
array. See Figure 4.1 for a pictorial example of the data used
by BUILDIE routine. The rectangles represent the projected
ellipsoids of the ATB program. The ellipses are circumscribed
with rectangles because algorithms dealing with polygon overlap
require less memory and computation time than with algorithms

14



e.

that look for ellipse overlap. The rectangles shown in

Figure 4.1 are sufficient to assure that no object overlap

will be missed. The area inside the rectangles is larger than
the area inside the circumscribed ellipse. While there is a
chance that the BUILDIE routine would find two objects to over-
lap that really just missed, such a result will not make the
plot incorrect; it just increases the computation time of the
hidden line routines.

Subroutines Called

OVERLAP

Labeled Common Blocks Used

ELLIPSE, INTERS, POLYGON, REMOVE

Input or Argument Parameters

None

Optional Output

None

Procedure

The flow of BUILDIE starts with initializing the NIE and IE
arrays. If the number of segments is equal to zero, the routine
goes on and examines the polygons. If there are segments, the
first one is selected, and immediately its own segment number is
inserted in the IE array to indicate that it can hide portions
of itself. Next, any other segment that is found to overlap
with the first segment is recorded in the IE array. The fact of

the overlap is recorded two places, once in the portion of the
array for segment No. 1, and once in the portion of the array
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Figure 4.1 Example of Data Used by BUILDIE
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that represents the other segment. In this way all segmenté are checked

against each other until all segment-segment overiaps are recorded in the

IE array.

After the segment-segment overlaps are recorded, they are

recorded in the IE array. Segment numbers are always less than 31, and

polygon numbers are always greater than 30.

4.3 SUBROUTINE CLIP

a.

Purpose

The purpose of this subroutine is to correctly execute the first
draw that crosses a boundary (X or Y) of the valid plotting
region. What is meant by "correctly execute" is that the
intended draw extends to the boundary, but not beyond it. All
further plotting after this draw is "clipped," i.e., not drawn,
until the pen returns to the valid plotting region. The valid
plotting region is described by the variables XMIN, XMAX, YMIN,
and YMAX. CLIP also takes care of the special circumstance that
the point being clipped is the first point in a line segment.

Subroutines Called

PLOT, XiNTCﬁ, YINTCP
Labeled Common Blocks Used
None

Input or Argument Parameters

X -- X Coordinate of Point to be Plotted

Y -- Y Coordinate of Point to be Plotted

XSAV -- X Coordinate of Last Point Plotted

YSAV -- Y Coordinate of Last Point Plotted

XMIN -- X Coordinate of Left: Side of Plotting Region
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XMAX -

X Coordinate of Right Side of Plotting Region

YMIN -- Y Coordinate of Bottom of Plotting Region
YMAX -- Y Coordinate of Top of Plotting Region
IPEN -- Calcomp Pen Control Variable

IPLOT -- Flag that Tells CLIP if Last Pen Move

Was Clipped (IPLOT=@) or Not Clipped (IPLOT=1)
Optional Output
None
Procedure

The first function of CLIP is to handle the special circumstance
that the point being clipped is the origin of a line. The
reason this merits special treatment is that there is no pre-
vious point in the line from which a new point can be inter-
polated. The subroutine must wait until the next call to do
this. So, the first step in the subroutine is to check the last
call flag and see if it is set (LCALL =1). If it is set, it
means that on the previous call, a clip was performed on the
origin of a line segment. What CLIP does is determine the X and
Y coordinates to move the pen. The X coordinate is either the X
intercept if the Y coordinate was off the plotter or the X
boundary value if the Y was on the plotter. The Y coordinate is
either the Y intercept value if the X coordinate was off the
plotter or the Y boundary value if the X coordinate was on the
plotter. CLIP moves the pen (up, IPEN = 3) to the point denoted
by the X and Y coordinates, resets the previous X and Y coordi-
nate variables (XSAV and YSAV), and clears the last call flag
(LCALL = 0). If LCALL was not set at the beginning of the
subroutine, CLIP skips this portion of the code.

The second step of this first function is to check if the

current point being clipped is the origin of a line. If this is
true (IPLOT = 1 and IPEN = 3), the coordinates of the point are
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saved in XLSAV and YLSAV, and the last call flag is set to one
(LCALL = 1). 1If this second step was executed, the subroutine
exits here. If not, it continues.

The second function of CLIP starts here. The subroutine
determines if the clip flag has been set (IPLOT = 1). This is
the flag that enables only the valid portion of the first seg-
ment clipped to be plotted. IPLOT is cleared after plotting and
is kept clear until the pen returns to a valid X or Y coordi-
nate. It is then reset by a draw in the valid plotting

region. The X and Y coordinates are calculated by looking at
the XOFF and YOFF flags and using either XINTCP and YINTCP func-
tions or the X and Y boundaries. A line is drawn to that

point. The clip flag IPLOT is cleared and the subroutine

exits.

4.4  SUBROUTINE CONVREC

de.

Purpose

The purpose of subroutine CONVREC is as follows. The ATB
simulation program outputs plane information in the form of
three plane equations that define boundary planes that bound the
rectangle. The coordinate system used for defining these planes
can be any one of the following three.

1. A rectangle defined in the inertial reference frame.
2. A rectangle defined in the vehicle reference frame.
3. A rectangle_defined in the segment reference frame.
The VIEW plotting package works with polygons in an inertial
reference frame. Therefore, each of the three possibilities

described above must be converted to the format used internally
in the VIEW plotting package.
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Subroutine CONVREC converts rectangles in the ATB simulation
format to polygons in the VIEW plotting format. It then trans-
forms the vectors to the vertices of all the polygons from the

coordinate system of the segment they are tied to the jnertial

reference system.

Subroutines Called

DET, DOT

Labeled Common Blocks Used

ATB, CONECT, DBUG, ELLIPSE, POLYGON
Input or Argument Parameters

None

Optional Output

IDEBUG(4) = 1; print reference segment number (ISG), plane
number, and plane vectors in inertial reference.

Procedure

The equations that represent the rectangle in the ATB output are
as follows:

1. AOX + BOY + COZ = DO
2. AlX + BlY + C1Z = D1
3. A2X + B2Y + C2Z = D2

Solving these equations simultaneously gives a point of
intersection of all three planes (see Figure 4.2).
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4.5

This point is the point Pl used by the VIEW program for defining
polygons. The VIEW program defines polygons by specifying the
position of all corners. F is the normal to plane number 3, and
?3 is the normal to the plane number 2. The length of Fz and

'?3 are obtained from the output of the ATB simulation program.

Each corner of the polygon is found by adding the contour vec-
tors of the rectangle in succession. This is done for all poly-
gons read from the ATB input file.

REFERENCE FRAME

Figure 4.2 Point of Intersection for all Three Planes in CONVREC

SUBROUTINE CROSS

a.

Purpose

Computes vector cross product ¢ =k x8&.
Subroutines Required

None

Labeled Common Blocks Used

None
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d. Input or Argument Parameters
A, B, C: Arrays, each consisting of three elements; that
represent vectors where the cross product is defined by
¢ =R xB.
e. Optional Output
None

f. Procedure

Computes each element of ] by

C1 = asb3 - asbs
co = agby - ajbs
c3 = aiba - azb;

FUNCTION DET

a. Purpose

DET finds the determinant of the 3 x 3 square array passed to
.it.

b. Subroutines Called

None

C. Labeled Common Blocks Used

None
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d. Input or Argument Parameters:
All --
Al2 --
Al3 -
A21 --
A22 -
A23 - |
A3l -
A32 --
A33 -

~ -Values Representing Square, 3 x 3 Array

e. Optional Output
None
f. Procedure

The determinant is calculated in the following manner:

DET = Al1*(A22*A33-A23*A32) - Al2*(A21*A33-A23*A31) +
A13*(A21*A32-A22*A31)

SUBROUTINE DOT

a. DOT performs matrix multiplication C = A'B. If K and B are
vectors, C is the dot product R . 8.

b.  Subroutines Required
None
C. Labeled Common Blocks Used

None

23



4.8

Input or Argument parameters

A - Matrix of Size (L,N)

B - Matrix of Size (L,M)

C - Product Matrix of Size (N,M)
N,M,L - Sizes of Matrices A,B,C

Optional Output

None

Procedure

Each element C(I,J) of the product matrix C is computed by:

L

C(1,d) = £ A(K,I) *B(K,d) for I = 1,N and J = 1,M
=1

SUBROUTINE DOTT

de.

C.

Purpose

DOTT performs the matrix multiply C = AB'
Subroutine Called

None

Labeled Common Blocks Used

None
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4.9

Input or Argument Parameters -. - -~

Matrix of Size (N,L)

A -
B - Matrix of Size (M,L) -
C - Matrix of Size .(N,M)
N,M,L - Sizes of Matrices A,B,C

Optional Output
None

Procedure

" Each element C(I,J) of the product matrix C is computed as:

c(I1,d) = & A(I,K) *B(J,K) for I =1,N-andJ = 1,M
=1

SUBROUTINE DRCYPR

Purpose

Sets up direction cosine matrix D for rotation angles A given in
degrees about local the x, y, or z axis of the segment in ques-
tion as indicated by I1, 12, or I3.

Subroutines Required

MAT, ROT

Labeled Common Blocks Used.

None
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Input or Argument Parameters

D -- 3 x 3 direction cosine matrix to be computed.
A -- 3 rotation angles given in degrees.
ID -- 3 integers (I1, 12, and I3) that indicate axis of

rotation for each of the three angles in A (1, 2, or 3
indicates x, y, or z axis, respectively).

Optional Output
None
Procedure

Computes as a matrix product

D= Dp30y,0p,

where each Dy is one of the following

1 0 0
Dy = 0 cos o sin a
- sin a cos o

cos o 0 - sin a

Dy = 0 0
sin a 0 Cos a

/’ cos a sin a 0

D3 = i- sin a cos a 0

depending as Il1, I2, and I3 have values of 1, 2, or 3.

26



Note:

(1) For the normal sequence of yaw (Y¥), pitch (6), and roll
(¢), let ID = 3, 2, 1 to obtain

D =D, DDy =D1Dz05

(2) For the reverse sequence as required by Subroutine INITIAL
prior to Version 18 of the ATB program, let ID = 1, 2, 3
to obtain

D =D, Dy D

Dy Dg Dy = D3 D2 Dy

(3) For Euler angles, precession (¢), nutations (8), and spin
(v), let ID = 3, 1, -3 to obtain

D =Dy D D, = D3 D1 D3

4,10 SUBROUTINE ELIPSN

de.

Pdrpose

Subroutine ELIPSN generates the X1 array of contour vectors for
a quarter of the ellipsoid. These contours are used by sub-
routine PSE to generate complete contours for the entire ellip-
soid.

Subroutines Called

SQRT

Labeled Common Blocks Used

ELLIPSE
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Input of Argument Parameters

INDEX -- Number of Steps Plus One

X1 -- Array Containing a Quarter of the E1lipsoid
IN -- Array Containing Number of Points in each

- Contour Array .
Optional Output
None

Procedure

ELIPSN is called once for each ellipsoid. For each step for
ellipsoid, calculate X and Y coordinates. Calculate test
variable [TEST = (1-X2*SIMP1) - YZ*SIMP2]. If result is nega-
tive, it means point is not on the ellipsoid. In this case, Y
coordinate is calculated as

\/1-x2 * SIMP1
STHP?

and Z is set to zero. The results are stored in X1. If TEST
was positive, Z is calculated and the results are stored in
X1.

4,11 SUBROUTINE EXTEND

de.

Purpose

EXTEND is a subroutine used in conjunction with the hidden 1ine
routines. This routine removes large gaps that could exist
around boundaries where contour lines are hidden and not hid-
den. The gaps are caused by dividing up contour lines into a
set of vectors. Once it is determined that a particular vector
crosses a boundary, only a portion of the vector must be
plotted. If the entire vector were left unplotted, a gap would
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C.

€.

exist around these boundaries. The size of the gaps would then
cover the range from very small to the size of the vector. The
EXTEND subroutine is called whenever a vector passes through one
of these boundaries. EXTEND finds the portion of the vector not
hidden and returns this information to the plotting subrou-
tine. '

Subroutines Called

 HIDE, HYDE

Labeled Common Blocks Used
ELLIPSE, INTERS, PLTT
Input'or Argument Parameters

P -- Contains X, Y, and Z coordinates ofvthe two end
points of the line.
-- Points to unhidden point location in P array.
J -- Points to hidden point location in P array.

Optional Output

None

Procedure

EXTEND starts by finding the midpoint for a line between the X,
Y, and Z coordinates found in array P. This midpoint is passed
to either subroutine HYDE (ellipsoids) or HIDE (polygons) to
check if contour line is hidden. If it is hidden, the midpoint

coordinates are loaded into row J of array P. If it is not
hidden, the midpoint:is loaded into row I of array P.
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4,12 SUBROUTINE GENDCM

Purpose‘

The néme of GENDCM stands for generate direction cosine

matrix. This subroutine creates a direction cosine matrix from
information that is readily available to the user of program
VIEW. GENDCM requires two position vectors to define the view-
point position and orientation. Vector VP defines the position
of the viewpoint in the reference frame of the segment to which
the viewpoint is attached. Vector R defines a point where the
viewpoint coordinate system is aimed. The aiming of the view-
point coordinate system is determined by the direction of the

positive Z axis. The viewpoint always looks down the positive

axis.

Subroutines Called

SQRT

Labeled Common Blocks Used

None

Input or Argument Parameters

CAMERA -- Position vector for the viewpoint in the -
reference frame of the segment to which the
viewpoint is attached (X, Y, Z coordinates).

FOCUS ~ --  Position vector for point which viewpoint Z axis

is aimed (X, Y, Z coordinates in the reference
frame of the segment to which the viewpoint is
attached). '

D ’ -- Direction cosine matrix for viewpoint
(transformed from the inertial coordinate system
to the viewpoint coordinate system).
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Optional Output

None

Procedure

GENDCM assumes the i axis of the viewpoint coordinate system
remains para11e1 to the X-Y plane of the 1nert1a1 reference

frame. Also, X axis must be normal to the Z axis in the X-Y
plane of the inertial reference frame. Z in the X-Y plane is

given by
Zy Zy
Hh
and
Zo A
IR]

must be (22, - 21, 0). Now both the f and i vectors of the
viewpoint coordinate system are determined. The ? is obtained
by crossing 2 into i. The direction cosine matrix has the
following form.

Z(2)/XNORM -Z(1)/XNORM 0.0
Z(1)*Z(3)/XNORM Z(2)*Z(3)/XNORM -XNORM
Z(1) Z(2) Z(3) i

where XNORM is |ﬁ|, the length of N.
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4,13 SUBROUTINE HIDE

Purpose

The purpose of HIDE is to determine if a point is being hidden
by another polygon. The subroutine corresponds with subroutine

" HYDE (HYDE checks ellipsoids).

Subroutines Called

DOT, MAT, TPOINT, TRANS1

Labeled Common Blocks Used

ELLIPSE, POLYGON

Input or Argument Parameters

KK --  Polygon number to check blocking.
~P3 -- Contains position vector of point to check.
IFLAG -- Flag passed back to caller indicating hidden

(IFLAG=1) or not hidden. (IFLAG=2).
Optional Output
None
Procedure

The subroutine first determines if the projected point and the
projected polygon overlap. If the projected point is outside of
the projected polygon, the point cannot be hidden by the polygon
being examined. If the projected point does lie within the
projected polygon, it must be determined which is closer to the
viewpoint. If the point is closer than the polygon, that point
is not hidden by the polygon being examined. Appendix C,
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"Intersection of a Three Space Vector and Plane," describes in
detail how to determine whether the plane or point is closer to
the viewpoint.
The overlap on the projection plane of a projected point and a
projected polygon is determined by subroutine TPOINT. TPOINT
returns a flag called IFLAG that indicates overlap or no over-
lap.
4,14 SUBROUTINE HYDE

a. Purpose
The purpose of HYDE is to determine if a point is hidden by an
ellipsoid. If the point is hidden, variable IFLAG is returned
as one; if not hidden, IFLAG is set to two.

b. Subroutines Called
ABS, SQRT, DOT, DOTT, MAT, XYZ, YZ, Z

c. Labeled Common Blocks Used

ELLIPSE

d. Input or Argument Parameters

N --  Possible hiding ellipsoid number (I)
R --  Vector to plotting point (I)
IFLAG -- Flag indicating hidden (IFLAG=1) or not

(IFLAG=2) (0)

e. Optional Output

None
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Procedure

The equations used by subroutine HYDE (and accompanying
subroutines XYZ, YZ, and Z) can be found in Appendix A, "Hidden
Line'Prob]em Between Two Ellipsoids.” Refer to this appendix
for further information on HYDE.

4,15 SUBROUTINE INPUT

Purpose

INPUT has two separate functions. The first is to read initial
data from the input control file, read polygon data from the ATB
input file, and to initialize variables. This is all done on
the first call. The second function, performed on all sub-
sequent calls, is to read ellipsoid data from the ATB input
file.

Subroutines Called
DOT, DRCYPR, GENDCM
Labeled Common Blocks Used

ATB, CONECT, DBUG, ELLIPSE, INTERS, PLTT, POLYGON, REMOVE,
VIEWP

Input or Argument -Parameters
CTIME --  Current time of program passed from main.

Input Cards -- 6.0, 6.1, 7.0, 7.1, 7.2, 8,0, 9.0 10.0,
11.0, 12.0, 13.0, 14.0, 15.0, 15.1
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Optional Output

IDEBUG(3) = 1; print viewpoint position vector, viewpoint
direction cosine matrix, NSTEPS from cards 7.0
and 8.0, segment inertial position vector,
segment inertial direction cosine matrix, NSEG,
NPL, SFACTR, OFSETX, and OFSETY.

Procedure

During the first call, cards 6.0, 6.1, 7.0, 7.1, 7.2, 8.0, 9.0,
10.0, 11.0; 12.0, 13.0, 14.0, 15.0, and 15.1 are read from the
input control file. Polygon data are read from the ATB input
file. The direction cosine matrix is initialized in three
different ways, depending on the input flag ICODE. When ICODE
equals zero, the roll, pitch, and yaw angles are found in the RA
array (card 15.0); and subroutine DRCYPR calculates the direc-
tion cosine matrix. When ICODE equals one, the direction cosine
matrix is supplied as input'(card 15.1). When ICODE is equal to
two, subroutine GENDCM generates the direction cosine matrix.
The subroutine exits.

On all subsequent calls, INPUT starts at FORTRAN statement

#600. Segment data are read from the ATB input file. This
reading is continued until the time of the data is greater than
or equal to the current time of the program (CTIME). When this
time is reached, the current location of the contact ellipsoid
is calculated. If the time interval of the ATBM simulation data
is greater than the DT of the view run, variable IFLAG is set to
ten. This is done to signal the program to continue incre-
menting CTIME without making plots until CTIME reaches the next
available time point in the simulation data. The subroutine
then exits.
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4,16 SUBROUTINE LSEGINT

ad.

c.

e.

Purpose

LSEGINT is called by subroutine OVERLAP to check for two lines
intersecting.- The Tline segments are represented by two end
points for each line. '

Subroutines Called

None

Labeled Common Blocks Used

None

Input or Argument Parameters

-P1 -- X and Y coordinates for line No. 1, end point
No. 1

P2 -- X and Y coordinates for line No. 1, end point
No. 2

R1 -~ X and Y coordinates for line No. 2, end point
No. 1

R2 - -- X and Y coordinates for line No. 2, end point
No. 2 '

IFLag -- .Flag passed back to OVERLAP to show intersection

(IFLAG=1) or no intersection (IFLAG=0)
Optional Output

None
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f. Procedure

LSEGINT checks for six separate cases:

Case 1 -~ Regular configuration

Case 2 --  One Tine is vertical

Case 3 -- Both lines are vertical

Case 4 -- Both lines are horizontal

Case 5 -- Both lines have the same nonzero slope
Case 6 -- 'One line is vertical, the other is horizontal

It first checks for Cases 3 and 4. If either of these cases are
true, the subroutine returns. For Cases 1, 2, 5, and 6, refer
to Appendix D, "Intersection of Line Segments in a Plane." The
code of subroutine LSEGINT follows the equations and text found
in the appendix.

4.17 SUBROUTINE MAT
a. Purpose
Performs the matrix multiple C = AB.
b.  Subroutines Called
None
c. Labeled Common Blocks Used
ﬂone
d. Input or Argument Parameters
-- Matrix of Size (LL,MM)

-- Matrix of Size (MM,NN)
--  Product Matrix of Size (LL,NN)

37



LL, MM, NN -
JA, JB, JK -

Sizes of Matrices A, B, C

First Dimension of A, B, C in Calling
~Subroutine

e. Optional Output
None
f. Procedure
Each e1éﬁént (C(I,J) of.the product matrfx C is computed by:
M

A(I,K) * B(K,d) for I =1, LL and J = 1, NN
1

C(I1,0) =
K

N M=

4,18 SUBROUTINE NFRAME

a. Purpose
NFRAME performs all end of frame operations necessary for a
Grinnell graphics system. The code furnished in this version of
the VIEW program is for a Perkin-Elmer 3242 running under
0S/32.

b.  Subroutines Called
DOLWH, PLOTS

c. Labeled Common Blocks Used
None

d. Input or Argument Parameters

None
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Optional Output
None

Procedure >
3

Again, this subroutine is designed for a Perkin-Elmer 3242
computer and a particular graphics system, a Grinnell GMR-27.

If a different graphics system is to be-utilized, this subrou-
tine will need to be changed. Immediately upon entering NFRAME,
subroutine DOLWH is called. DOLWH stands for digitalfoutput ‘
with handshake. An end-of-frame halfword (FFFF) is output to
the Grinnel system. Subroutine PLOTS is called to ihitia]izé
the next frame. The subroutine then exits.

4,19 SUBROUTINE OVERLAP

Purpose

This subroutine is called by BUILDIE to check two objects for
overlap. The objects are defined by the first two arguments in
the call to OVERLAP. At the point where OVERLAP is called, all
objects have a projected polygon representation, and OVERLAP
determines if these two polygons overlap.

Subroutines Called

LSEGINT, TPOINT

Labeled Common Blocks Used

POLYGON .
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d. Input or Argument Parameters

ITI -- Object No. 1 to be Tested
KKK -- 0Object No. 2 to be Tested
MFLAG -- Flag indicating overlap or not. MFLAG = 0,

no overlap; MFLAG = 1, overlap.
e. Optional Output
None
f. Procédure

There are two basic checks employed by this subroutine to
determine object overlap. First is the POINT INSIDE A POLYGON
TEST. This test starts with a point, usually a corner of a
polygon, and tests are made to see if that point lies inside or
outside the polygon. Once a point is found to be within the
other polygon, MFLAG is set equal to 1 to indicate object over-
lap, and OVERLAP returns to the calling program. If no points
lie inside the polygons being tested, the INTERSECTING LINE
SEGMENT TEST is used. This test checks for line segments of one
polygon intersecting line segments of the other polygon. Again,
if intersection is found, MFLAG is set equal to 1, and OVERLAP
returns to BUILDIE. 1If no intersection is found, the two
objects must not overlap, and MFLAG is set equal to 0 and OVER-
LAP returns to BUILDIE.

4,20 SUBROUTINE PLPLN
a. Purpose

This subroutine is called by the Main program to set up arrays
containing polygon data for subroutine PNTPLT to plot.
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b.  Subroutines Called
NEWPEN, PNTPLT
c. Labeled Common Blocks Used
DBUG, ELLIPSE, PLTT, POLYGON, REMOVE

d. Input or Argument Parameters

SEG -- Array containing vectors representing sides of
the polygons.
INDEX2 -- Array size for SEG.

e. Optional Output
None
f. Procedure

Array SEG must have the vectors that represent the sides of the
polygons. Each side of the polygon is represented by a series
of short vectors, even though one long vector could be

plotted. A series of short vectors is used so current algo-
rithms can be used for the hidden line segment problem. The
vectors in array SEG are in the inertial reference frame. After
loading data into SEG, it is sent to subroutine PNTPLT to

plot. After doing this for all planes, PLPLN exits.

4,21 SUBROUTINE PNTPLT
a. Purpose

The purpose of PNTPLT is to plot all the points passed to it in
array SEG. PNTPLT is called by subroutines PSE to plot
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ellipsoids and by PLPLN to plot polygons. PNTPLT is where all
calls to the Calcomp plotting subroutines are made.

Subroutines Called

CLIP, EXTEND, HIDE, HYDE, PLOT, PREPLf, TRANSI
Labeled Common Blocks Used

ELLIPSE, INTERS, PLTT

Ihput or Abgument Parameters

SEG -- Array containing points to be plotted.
IPEN -- Calcomp pen control variable.

INDEX2 --  Maximum number of points to plot.

NPTS -~ Number of points to plot.

.CARD 16.0 --  XMIN, XMAX from input control file.

Optional Output

None

Procedure

PNTPLT takes each point and checks to see if the point is
hidden. This is accomplished by calling subroutine HYDE to
check for possible blocking ellipsoids and by calling subroutine
HIDE to check for possible blocking polygons. After it is
determined that the point is or is not hidden, PNTPLT checks to
see if a boundary is crossed by the vector originating on the
last point and ending on the current point. A boundary is indi-
cated whenever the state of the last point and the current point

is different. If the last point was not hidden and the current

point is hidden, the vector goes from a not hidden zone into a
hidden zone. The boundary between the two zones is the boundary
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that is checked for at this stage of subroutine PNTPLT. 1If a
boundary is present, subroutine EXTEND is called to extend a new
vector from the not hidden point up to the boundary. This new
vector is in the same direction as the vector that crosses the
boundary. '

Once a nonhidden vector is established, subroutine TRANS1 is
called to transform the vector into the viewpoint reference
frame. Subroutine PNTPLT projects the vector that is now in the
viewpoint system. This projection is similar to the projection
of a lens onto a projection plane and is represented by the
following equations: '

X' = (SFACTOR) * (X)
JA

Yt o=

(SFACTOR) * (Y)
z

where X' and Y' are the plotting coordinates on the projection
plane.

X, Y, Z are the coordinates of the position vector in the
viewpoint coordinate system.

SFACTOR is the scale factor for the plot.

Once the plotting coordinates of the vector have been
calculated, the X and Y coordinates are checked to see if the
plot move will take the pen off the boundaries of the plotter.
The X coordinate is compared to the variables XMIN and XMAX and
the Y coordinate is compared to YMIN and YMAX. These variables
represent the bottom, top, left, and right boundary values of
the plotting region and are defined in subroutine. If X =Y
coordinate is off the plotter, subroutine CLIP is called to
compensate for what the pen was to have done. The X and Y
coordinates of this intended pen-move are saved and the pen
variable is set to 1ift (IPEN = 3) to prevent any drawing until
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the pen returns to the plotting region. If the X and Y coordi-

.nates .were in the plotting region, subroutine PREPLT is .

called. PREPLT completes any pen moves made during clipping.
The Calcomp subroutine PLOT is ‘then called to perform the pen
move or draw.

4.22 SUBROUTINE-POLYD

a.

Purpose

The purpose of POLYD is to generate direction cosine matrices
for all polygons.

Subroutines Called

CROSS, SQRT

Labeled Common Blocks Used
ELLIPSE, POLYGON

Input or Argument Parameters
None

Optional Output

None

Procedure

POLYD generates a direction cosine matrix for all polygons in

View. The approach taken here is simply to cross two adjacent

sides of the polygon to obtain the normal to the polygon sur-
face--this is one coordinate vector. One of the sides used in
the cross product is picked as another coordinate vector. The
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third coordinate vector is obtained by crossing the first two.
A direction cosine matrix is obtained by placing these three

vectors in a matrix. (For the following equations, see

Figure 4.3.)

rp =Py - Py xP3 Py

ry = e = a1X + byY + ¢yZ
[*1]

~ pz-Pl
rg = e————— = asX + boY + coZ
[P2"- Py

-

rs = ry xrg = agX + bgY + c3Z

The direction cosine matrix is given by

|©

X*r Yo 7 . ri

X * rj Y ¢ rj Z+*r;3
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Figure 4.3 Pictorial Representation of Equations in POLYD
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This direction cosine matrix can be used to transform from the
inertial reference system to the local reference system.

4,23 SUBROUTINE PREPLT

ade.

Purpose

The purpose of this subroutine is to position the pen before a
call to PLOT with pen down if that move would cause the pen to
exceed the specified plotting region. The correct position for
the pen is at the point denoted by the coordinates of an X or Y
intercept between saved and present points at the X or Y bound-
ary, and the X or Y boundary (Figure 4.4).

Subroutines Called

PLOT, XINTCP, YINTCP

l.abeled Common Blocks Used

None

Input or Argument: Parameters

-- X coordinate of present point
-- Y coordinate of present point
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.
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Figure 4.4 Figure for Variables in PREPLT
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XSAV -- X coordinate of previous point

YSAV -- Y coordinate of previous point

XMIN -~ X coordinate of left side of plotting region
XMAX -- X coordinate of right side of plotting region
YMIN -- Y coordinate of bottom of plotting region
YMAX -- Y coordinate of top of plotting region

IPEN -- Calcomp pen control value

NEWPEN -- Saved value of previous IPEN move

Optional Output

None

Procedure

The method in which PREPLT knows if the previous draw was across
the border is a combination of two reasons. The first is the
fact that the subroutine is being called. That is, the program
flow of subroutine PNTPLT (the only subroutine that calls
PREPLT) will only call PREPLT if the present X and Y coordinates
are on the plotter. The second reason is determined by checking
flag NEWPEN. NEWPEN is a variable that has saved the previous
pen move. It is also set to a negative value if the pen move
was out of the plotting region. So, if NEWPEN is equal to -2
(negative meaning clipped, 2 meaning pen down), then we want to
continue. If it is not equal to -2, the subroutine exits. If
continued, PREPLT determines to which coordinates to move the
pen. If the X coordinate is outside the valid plotting region,
the Y coordinate is set to the Y intercept between the present
and saved coordinates at the X boundary. If the X coordinate is
inside the valid plotting region, the Y coordinate is set to the
Y boundary value. If the Y coordinate is outside the valid
plotting region, the X coordinate is set to the X intercept
value between the present and saved points at the Y boundary.

If the Y coordinate was inside the valid plotting region, the X
coordinate is set to the X boundary value. PREPLT moves the pen
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(up) to this spot denoted by the just calculated X and Y coordi-
nates. Variable IPEN is set to 2 and .the subroutine exits.

4,24 SUBROUTINE PRJELR -

a.

Purpose

This subroutine projects ellipsoids onto the projection plane
and circumscribes the projected shadow of the ellipsoid with a
rectangle. This rectangle is used Tater in the program by the
BUILDIE routine which checks for overlaps of objects on the
projection plane. The information obtained from these opera-
tions is used by the hidden Tline routines to decrease computa-
tion time.

The PRJELR routine assumes that.an ellipsoid projects onto the
projection plane as an ellipse, but in general this is not the
case. The assumption used in writing the VIEW program is that
when the viewpoint is sufficiently far away from the subject and
the viewpoint coordinate system is looking almost directly at
the subject, all ellipsoids will project approximately as
ellipses.

Subroutines Called

ABS, SQRT, DOT, DOTT, MAT, SOLVA, SOLVR

Labeled Common Blocks Used

ELLIPSE, POLYGON

Input or Argument Parameters

None
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e.

Optional Output
None
Procedure

Immediately upon entering, PRIELR checks the number of
segments. If zero, the subroutine exits. If nonzero, it coh-
tinues. The following procedure is done for each segment. The
A array is transformed into the viewpoint reference frame.
Subroutine SOLVR is called three times to get the vectors

Fl, Fz, and Fs as described in Appendix B. Vectors Fl, Fz,

and Fa are projected onto the projection plane. Subroutine
SOLVA is called to get the coefficients of the ellipse matrix.
Eigenvalues LAMDAl and LAMDA2 are solved. The two Eigenvalues
are constructed and normalized. The SIGN and CONVEC arrays are
set up. After doing this procedure for each segment, the sub-
routine exits.

4,25 SUBROUTINE PRJPLY

d.

Purpose

PRIPLY is called by the Main program to project polygons in
three space to the two-dimensional space of the projection
plane.

Subroutines Called

MAT

Labeled Common Blocks Used

ELLIPSE, POLYGON
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Input or Argument Parameters
None

Optional Output

None

Procedure

PRJPLY works with one plane at a time and fills the POS, CONVEC,
and SIGN arrays for that plane; then the next plane is used
until all planes have been converted. A pictorial representa-
tion of the meaning of the vectors in the arrays is given in
Figure 4.5. The B vectors are given in the inertial reference
frame. These vectors define the corners of the polygon in three
space.- These P vectors are projected onto the projection plane,
and the CONVEC array is generated. The CONVEC array consists of
contour vectors of the projected polygon. The POS array con-
tains a vector that defines one corner of the projected polygon
from a coordinate system aligned with the viewpoint coordinate
system. The SIGN array contains the result of CONVEC(1) crossed
with CONVEC(2). The CONVEC and SIGN arrays are used by the
BUILDIE block.

4,26 SUBROUTINE PSE

de

Purpose

This subroutine is called from the Main program to set up arrays
containing semiellipsoid data for subroutine PNTPLT to plot.
Subroutine PSE is called twice for each ellipsoid, once to plot
its top half, the second time to plot the bottom half.

52



zl

PROJECTION PLANE

<&
V\G
WO
< 0\>~\f0qg.
€>?§5
eﬁ
I v
Iy
Iy
L
/7 | VIEW POINT
INERTIAL REFERENGCE FRAME // / ,' "
’ X
]
]
11
1

CONVEC (2)

SIGN = CONVEC (1) X CONVEC (2)

Figure 4.5 Meaning of Vectors in Arrays in PRJPLY
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b.  Subroutines Called
PNTPLT

c. Labeled Common Blocks Used
None

d. Input or Argument Parameters

X1 © -~ Semiellipsoid contour array.

IN -— Numbef of points in each quarter contour saved in
o array Xl.

SEG R Array containing a complete contour.

INDEX - Number of steps plus one.

INDEX2 -~ Maximum number of points any complete contour can

have.

IHALF Flag controlling which ellipsoid half is to
be plotted.
IHALF = 1, semiellipsoid with X > 0 is plotted.

IHALF = 2, semiellipsoid with X < 0 is plotted.

e. Procedure
Contours are plotted in sequence starting with the contour that
is represented by just a point (i.e., Y =0, Z =0, X > 0) until
all contours have been plotted. The last point plotted is
represented by a point (i.e., Y =0, Z =0, X < 0).
4,27 SUBROUTINE ROT

a. Purpose

Computes rotation matrix A for angle TH about X, Y, or Z axes as
L=1, 2, or 3.
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b.

C.

Subroutines Called
C0s, SIN
Labeled Common Blocks Used
None
Input or Argument Parameters
-- 3 x 3 rotation matrix to be computed.
L -- 1, 2, or 3 indicating rotation about X, Y, or Z
axes, respectively.
TH -- Angle of rotation 6, in radians.
Optional Qutput
None

Procedure

1. For L =1, computes

1 0 0
A=10 cos © sin 6
0 -sin 6 cos ©

2. For L = 2, computes
cos © 0 -sin ©
A=10 1 -0
sin © 0 cos ©
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3. For L = 3, computes

cos © sin © 0
A =[-sin 6 cos 6 0
0 0 0

Note: Special tests are performed to insure that cos 6 and
sin ® are exactly 0 or %1 for values of 6 that are multiples of
%-to correct for small errors introduced by the SIN and COS
routines.
4,28 SUBROUTINE SOLVA

a. Purpose
SOLVA solves three equations simultaneously and returns the
components of [a]. See Appendix B, "Discussion of Equations
Used by PRJELR" for more information.

b.  Subroutines Called
None

c. Labeled Common Blocks Used

None

d. Input or Argument Parameters

R -- Contains values of r;, rp, and r3 on
the prbjection plane.

AAll -- op; component of [a]

AA22 --  ay, component of [a]

AA12 -- oy, component of [a]
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4.29

e.

Optional Output

None

Procedure

See Appendix B, "Discussion of Equations Used by PRJELR" for
procedural information.

SUBROUTINE SOLVR

a.

C.

Purpose

SOLVR solves a set of simultaneous equations to find the
components of vector T that satisfy the properties needed to
determine the equation of the projected ellipse. For more
information, refer to Appendix B, "Discussion of Equations Used
by PRJELR." '
Subroutines Called

SQRT

Labeled Common Blocks Used

None

Input or Argument Parameters

CALL SOLVR (Ay, Az, A3, Ay, As, Ag, A7, Ag, SS, R1, R3)

Case No. 1 Case No. 2 Case No. 3
Ay = A'1y Ay =A"y2 Ap=A'13 +A'y;
A, = A'21 Ap = A' oo Ao =A's; + A'5o
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Az = A'3) Az = A'3p Az = A'31 + A'ay

Ay = A'13 Ay = A'13 Ay = A'13

As = A'23 As = A'23 As = A'23

As = A'ss Ae = A'33 Re = A'33

A7 = A'1) Az = A'2 Az = A'11 + 2R" 19+ Al
Rg = A'13 Rg = A'23 Ag = A'y13 + A'ps

SS =SS SS =SS SS =SS

Rl = X component Rl = Y component Rl = X and Y component

of ri of ra of r3
R3 = Z component R1 = Z component R3 = Z component

of r of rao of rs3

e. Optional OQutput

None

f. Procedure

Refer to Appendix B, "Discussion of Equations Used by PRJELR"
for procedural information.

4,30 SUBROUTINE TITLE

a. Purpose

The purpose of this subroutine is to read the title data cards
and write them to the plot file.
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Subroutines Called

NEWPEN, NFRAME, PLOT; SYMBOL
Labeled Common Blocks Used
DBUG

Input or Argument Parameters
Input cards 2.0 and 2.1 (20)
Optional Output

None

Procedure

After initializing some variables, the pen is moved (up) to
point 0,0 and is defined as the origin. Data card 2.0 is

read. If number of title frames equal to zero, the subrdutine
returns. The following procedure is repeated for each title
frame. The set of 20 data card 2.1's are read in and SYMBOL is
called to write them to the plot file. Depending on the value
of DEVFLG, either PLOT or NFRAME is called to ready the plot
file for the first flame. After doing all the frames, the sub-
routine exits.

4,31 SUBROUTINE TPOINT

d.

Purpose
This subroutine tests a point against a polygon, both being on

the projection plane. The results of the tests indicate if the
point lies inside or outside of the polygon. IN is a flag that
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d.

f.

is returned to the calling program to indicate the final
result.

Subroutines Called

None

Labeled Common Blocks Used

POLYGON

Input or Argument Parameters

PP2 -- Point on the projection plane.
I ~-  Polygon number on the projection plane.
IN -- Flag returned telling if point was inside (IN=1)

or outside (IN=2) polygon.
Optional Output
None
Procedure

The test used is called the CROSS PRODUCT TEST (see

Figure 4.6). This name is appropriate since the test is based

upon the sign of the result of a cross product between two vec-
tors on the projection plane. One vector represents a side of

the polygon, and the other vector always extends from the base

of the side vector to the point being tested. Examples of these
vectors are givén in Figure 4.6. The vector that is represented
by points AB is crossed into the vector represented by points
AE. This process is continued until all sides have been crossed
with a vector to the point being examined. In the case of point
number 2,‘the following cross products would be examined.
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POINT #2

POINT#1

Figure 4.6 Cross-Product Test with Convex Polygon in TPOINT
A8 x AE, BC x BE, CB x CE, DX x DE

Notice that the first cross product gives a.different sign than
the second. If a point is outside the polygon, there must be a
change in the resulting sign of the cross products. If the
point is inside the polygon, the following cross products need
to be examined.

A8 x AF, BC x BF, T8 = CF, DR x OF

Notice that all cross products have the same sign. This will be
true for any polygon except for concave polygons. In the case
of concave polygons (see Figure 4.7), even though the point is
inside the polygon, the test would indicate that the point was
outside the polygon because there is a sign change between

KF;XITE)andE(,tXB—f
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Figure 4.7 Cross-Product Test with Concave Polygon in TPOINT

Therefore, concave polygons are ruled out. Concave polygon
shapes can be included only when that concave polygon is repre-
sented by convex polygons.

4.32 SUBROUTINE TRANS1

a. Purpose

The purpose of TRANS1 is to transform the input vector R into
the viewpoint reference frame.

b. Subroutines Called
DOTT, MAT
c. Labeled Common Blocks Used

ELLIPSE, VIEWP
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e.

Input or Argument Parameters

-- Input vector.
P --  Output vector (input vector transformed to
Viewpoint Reference Frame).

Optional Output
None
Procedure

The vectors used by TRANS1 are shown in Figure 4.8. The output
of TRANS1 is vector B in the Viewpoint Reference Frame. The
other vectors are in the reference frame as specified below.

R in Local Reference Frame of E1lipsoid.
This vector is a position vector for surface points of an ellip-
soid, and it originates at the center of the ellipsoid.

SEGLP in Inertial Reference Frame.
This vector is a position vector for the center of the contact
ellipsoid associated with R.

VP in the Inertial Reference Frame.
This vector is a position vector for the origin of the Viewpoint
Coordinate System.

B can be found from vectors ﬁ, SFGLﬁ, and VB once they are all

in the Viewpoint Reference Frame. The following equations
transform these vectors into the Viewpoint Reference Frame.
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CENTER OF
CONTACT ———
ELLIPSOID

Note:

INERTIAL REFERENCE FRAME

Y’

VIEWPOINT
COORDINATE
SYSTEM

Figure 4.8. Vectors Used by TRANS1

% - ol [of] &
.

SEGLPZ = [DVP] SEGLP
W -

[DVP] VB

[DVP] is the direction cosine matrix that transforms from
the inertial to the viewpoint frame of reference.

[D] is the direction cosine matrix that transforms

from the inertial to the viewpoint frame of reference.
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Then P is given by
B = SEGLPZ + RZ - VP2

IF IELP is greater than 30, TRANS1 must work with a vector on a
polygon and not an ellipsoid. The vectors that define the sides
of the polygon are always in the Inertial Reference Frame;
therefore, DVP is placed in DD matrix, and the same equations
are used to find P.

4,33 FUNCTION XINTCP

Ce.

Purpose

The purpose of XINTCP is as follows: given two sets of X and Y
coordinates and a Y coordinate that falls between them, XINTCP
calculates the X coordinate at the given Y value.

Subroutines Called

None

Labeled Common Blocks Used

None

Input or Argument Parameters

X -- X coordinate of end point No. 1.
Y -- Y coordinate of end point No. 1.
XSAV -- X coordinate of end point No. 2.
YSAV -- Y coordinate of end point No. 2.
YTEMP -- Y coordinate of the point at which the caller

wants the X coordinate.
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Optional Output
None
Procedure

XINTCP has two input pairs of coordinates. In this discussion

they will be referred to the saved (XSAV, YSAV) and present

(X,Y) coordinates (see Figure 4.9). XINTCP first calculates the
differences between the saved and present X and Y coordinates.
These differences are called X1 and Yl. It then calculates the
scaling factor SFACTR as

X1
YT

If Y1 is equal to zero, PFACTR is set to zero. The difference
between the saved and intercept Y value is calculated (Y2).

This difference is multiplied by PFACTR and édded to the saved X
value. This is the X intercept value. It is set equal to
XINTCP and the function returns.

4,34 SUBROUTINE XYZ

a.

Purpose

XYZ solves the equation for an ellipse to find a point on that
ellipse that will return a vector. It is used when M; and M,
are not equal to zero. Refer to Appendix A, "Hidden Line
Problem Between Two Ellipsoids."
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(T

N\ ‘SAVED’ X+Y COORDS.

N ‘PRESENT X+ Y COORDS.

Figure 4.9. Variables Used by XINTCP

b. Subroutines Called

SQRT

C. Labeled Common Blocks Used

None
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d. Input or Argument Parameters

| See Appendix A equations for definitions.

Z n O W =
[}
|

JFLAG -- Flag passed back as either zero when
equation solved or one when not solved.

e. Optional Output
None

f. Procedure
Follow equations in Appendix A for procedural information.

4,35 FUNCTION YINTCP

a. Purpose
The purpose of YINTCP is as follows: given two sets of X and Y
coordinates and an X coordinate that falls between them, YINTCP
calculates the Y coordinate at the given X value.

b.  Subroutines Called
None

c. Labeled Common Blocks Used

None

68



Input or Argument Parameters

X -- X coordinate of point No. 1.
Y -- Y coordinate of point No. 1.
XSAV -- X coordinate of point No. 2.
YSAV -- Y coordinate of point No. 2.
XTEMP -- X coordinate of the point at which the caller

wants the Y coordinate.
Optional Output
None
Procedure

YINTCP has two input pairs of coordinates. In this discussion
they will be referred to as the present (X,Y) and saved (XSAV,
YSAV) coordinatgs (see Figure 4.10). VYINTCP first calculates
the differences between the present and saved X and Y coordi-
nates. These differences are called X1 and Yl. It then calcu-
lates the scaling factor SFACTR as

Y1
XT

If Y1 is equal to zero, PFACTR is set to zero. The difference
between the saved and intercept X values is calculated (X2).
The difference (X2) is multiplied by PFACTR and added to the
saved Y coordinate. This is the Y 1ntercept value. It is set
equal to YINTCP and the function returns.
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Figure 4.10. Variables used by YINTCP

4,36 SUBROUTINE YZ

a. Purpose
YZ solves the equation for an ellipse to find a point on that
ellipse that will return a vector. Is used when M} =0
and M2 = 0. Refer to Appendix A, "Hidden Line Problem Between
Two E1lipsoids.”

b. Subroutines Called
SQRT

C. Labeled Common Blocks Used

None
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4.37

e.

Input or Argument Parameters

| See Appendix A ‘equations for definitions.

T »n OO WO
1
J

JFLAG - -- Flag passed back as either zero when equation
~solved or one if not solved.

Optional Output

None

Procedure

Follow equations in Appendix A for procedural information (Case
No. 2).

SUBROUTINE Z

Purpose

Z solves the equation for an ellipse to find a point on that
ellipse that will return a vector. Is used when both M; and M,
are equal to zero. Refer to Appendix A, "Hidden Line Problem
Between Two El1lipsoids.”

Subroutines Called

SQRT

Labeled Common Blocks Used

None
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Input or Argument Parameters

T n O W >

JFLAG

L See Appendix A equations for definitions.

Flag passed back as either zero when equation
solved or one if not solved.

Input or Argument Parameters

None

Procedure

Follow equations in Appendix A for procedural information (Case

No. 1).
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5.0 VIEW PROGRAM FLOWCHARTS
Contained in this section are the flowcharts for selected program

modules. They are not direct, line-by-line flowcharts, but more of a
general flow description of critical program modules.
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5.1

®

VIEW MAIN

NO

INITIALIZE VARIABLES, WRITE TITLE FRAME TO PLOT FILE,
READ INPUT CONTROL FILE

CURRENT TIME > END TIME?

& YES

( STOP )

® ® ©

® ®

® &

CALL INPUT TO READ NEXT FRAME OF DATA FROM THE
ATB INPUT FILE

]

CALL CONVREC TO CONVERT RECTANGLES THAT ARE IN
ATB FORMAT TO POLYGONS IN VIEW PLOTTING FORMAT

AND TO CALCULATE PLANE VECTORS IN THE
INERTIAL COORDINATE SYSTEM

CALL PRJPLY TO PROJECT POLYGONS IN THREE SPACE TO
POLYGONS ON THE PROJECTION PLANE

Y

CALL PRJELR TO PROJECT ELLIPSOIDS IN THREE SPACE TO
ELLIPSES ON THE PROJECTION PLANE. THEN CIRCUMSCRIBE THE
ELLIPSES WITH RECTANGLES

CALL POLYD TO CONSTRUCT DIRECTION COSINE MATRICES
FOR EACH POLYGON

Y

CALL BUILDIE TO BUILD THE IE ARRAY THAT INDICATES
ALL POSSIBLE OBJECT OVERLAP

i

FOR ALL SEGMENTS, CALL PSE TWICE TO PLOT UPPER AND LOWER
ELLIPSOID HALVES ON THE PROJECTION PLANE

CALL PLPLN TO PLOT ALL PLANES ON THE PROJECTION PLANE
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5.2 BUILDIE

INITIALIZE NIE AND IE ARRAYS

I YES

Y

IF THE NUMBER OF SEGMENTS EQUAL ZERO

FOR ALL SEGMENTS
(1) PLACE ITS OWN SEGMENT NO. IN IE ARRAY.

(2) CHECK FOR OTHER OVERLAPPING SEGMENTS AND

PLACE RESULTS IN IE ARRAY.
CALL OVERLAP

(3) CHECK FOR OVERLAPPING POLYGONS AGAINST EACH
SEGMENT AND PLACE THE RESULTS IN THE |IE ARRAY.

CALL OVERLAP

Y VES 4
~ |——>—RETURN

IF THE NUMBER OF POLYGONS IS .LE. 1

L

CHECK POLYGON AGAINST POLYGON FOR ALL POLYGONS.
(1) CHECK FOR OTHER OVERLAPPING POLYGONS

AND PLACE RESULTS IN |E ARRAY.

CALL OVERLAP

RETURN
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5.3 CLIP

IF OFF PLOTTER IN X DIRECTION, SET LOGICAL FLAG XOFF. TO
.TRUE. AND DETERMINE IF OFF LEFT OR RIGHT OF PLOTTER (XLIMIT).

IF OFF PLOTTER IN Y DIRECTION., SET LOGICAL FLAG YOFF TO
.TRUE. AND DETERMINE IF OFF TOP OR BOTTOM OF PLOTTER (YLIMIT).

.

NO
— LAST CALL A PEN UP TO 1ST POINT IN A LINE SEGMENT? Il
y YES

IF OFF IN X DIRECTION, CALCULATE Y INTERCEPT BETWEEN
CURRENT AND SAVED COORDINATES. IF NOT OFF IN X DIRECTION,
SET Y COORDINATE TO TOP OR BOTTOM OF PLOTTER.

!

IF OFF IN Y DIRECTION, CALCULATE X INTERCEPT BETWEEN
CURRENT AND SAVED COORDINATES. IF NOT OFF IN Y DIRECTION,
SET X COORDINATE TO RIGHT OR LEFT OF PLOTTER.

{

CHECK THESE CALCULATED X AND Y COORDINATES TO SEE IF THEY
EXTEND THE VALID PLOTTING REGION. IF SO, SETIT TO THE

LIMIT VALUE.

MOVE THE PEN TO THE X AND Y COORDS. SAVE THE X AND Y
COORDS. AND CLEAR THE LAST CALL FLAG. .

T

IF PLOT MOVE A PEN UP TO 1ST POINT IN SEGMENT, SAVE X AND Y
COORDS. ; SET LAST CALL FLAG, CLEAR CLIP FLAG, AND RETURN.

!

NO

— \ DO WE WANT TO PLOT (IPLOT = 1) ]
Y YES

IF OFF IN X DIRECTION, CALCULATE Y INTERCEPT BETWEEN

CURRENT AND SAVED COORDINATES. IF NOT OFF IN X DIRECTION,
SET Y COORDINATE TO TOP OR BOTTOM OF PLOTTER (YLIMIT).

!

IF OFF IN Y DIRECTION, CALCULATE X INTERCEPT BETWEEN
CURRENT AND SAVED COORDINATES. IF NOT OFF IN Y DIRECTION,
SET X COORDINATE TO RIGHT OR LEFT OF PLOTTER (XLIMIT).

r

PLOT TO CALCULATED X AND Y COORDINATES.

-

] DISABLE CLIP FLAG (IPLOT =0) |

!
[ RETURN |
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5.4

CONVREC

l

IF NUMBER OF PLANES EQUAL ZERO

f

—
1IF

NOT ATBM PLANE OR IF NOT FIRST TIME THROUGH I

!

SOLVE THE THREE PLANE EQUATIONS
USING DETERMINANTS

CONSTRUCT THE POLYGON CORNERS USING THE
RESULT OF THE DETERMINANTS AND NORMALS
TO PLANE #2 AND PLANE #3.

SEE DISCUSSION OF CONVEC

CHECK MPL ARRAY FOR REFERENCE
SYSTEM THAT POLYGON IS DEFINED IN.

!

S

]T' RETURN

IF MPL EQUALS ZERO FOR CURRENT PLANE

{ NO

YES

TRANSFORM POSITION VECTOR FOR THE
POLYGON CORNERS TO THE INERTIAL
REFERENCE FRAME

!

ADD SEGLP TO POSITION VECTORS.
SEGLP IS THE POSITION VECTOR IN THE
INERTIAL REFERENCE FRAME OF THE
COORDINATE SYSTEM TO WHICH THE
CONTACT PLANE IS ATTACHED

USE DEFAULT
VALVE OF NISG
SPECIFIED ON
INPUT

i
RETURN
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5.5

ELIPSN

CALCULATE DELTAX AND DELTAY

]

.FOR K=1, INDEX
SETUP LOOP FOR INCREMENTING
ALONG THE X AXIS

Y

FOR =1, INDEX
SETUP LOOP FOR INCREMENT
ALONG THE Y AXIS

1

CALCULATE

1- -1

IS RESULT NEGATIVE ?
NEGATIVE RESULT MEANS THE POINT
IS NOT ON THE ELLIPSOID.

YES

y NO

CALCULATE Z 0 o
(2 (- X5-Xo)
Z=SQRT 22 b2

!

SAVE X,Y,Z COORDINATES IN XI
ARRAY

2
CALCULATE Y =SQRT (1-X

82)
I

SAVE X, Y, Z COORDINATES IN
X1 ARRAY

1

SAVE N THE NUMBER OF POINTS
IN THIS HALF CONTOUR

N
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5.6

EXTEND

DO INT ITERATIONS

!

FIND MIDPOINT BETWEEN
END POINTS

+

CHECK MIDPOINT AGAINST ALL
OBJECTS THAT COULD POSSIBLY
BLOCK OR HIDE THIS MIDPOINT

!

IS MIDPOINT HIDDEN ?

YES

Y NO

PLACE MIDPOINT COORDINATES
IN UNHIDDEN POINT LOCATION.
THIS UNHIDDEN POINT LOCATION
IS ALWAYS IN THE P ARRAY
AND IS POINTED TO BY THE
VARIABLE |

— — — —— — — — —— —— —

#

PLACE MIDPOINT
COORDINATES IN
THE HIDDEN POINT
LOCATION. THIS
HIDDEN POINT
LOCATION IS ALWAYS
IN THE P ARRAY AND IS
POINTED TO BY
THE VARIABLE J
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5.7

GENDCM

CALCULATE Z AND NORMALIZE Z
TO OBTAIN Z

!

CALCULATE NORMALIZATION FACTOR
XNORM = (242 + 2y 2) %2
(Zx +ZY )

]

FILL IN FIRST ROW OF DIRECTION
COSINE MATRIX

!

FILL IN SECOND ROW OF DIRECTION
COSINE MATRIX

!

FILL IN THIRD ROW OF DIRECTION
COSINE MATRIX
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5.8

HIDE

TRANSFORM POSITION VECTOR
P3 TO THE VIEWPOINT
REFERENCE FRAME

!

PROJECT POSITION VECTOR
ON TO THE PROJECTION PLANE

]

CALL TPOINT
TEST POINT AGAINST POLYGON
-REPRESENTED BY KK

|

1S POINT HIDDEN ?
DOES IFLAG = 17

NO

Y UNDETERMINED

YES

IS POINT CLOSER TO VIEW-

NO

POINT THAN THE POLYGON ?

P

INDICATE POINT
NOT HIDDEN
IFLAG = 2

:

INDICATE POINT
HIDDEN
IFLAG = 1
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5.9

INPUT

IF FIRST CALL

J,

READ CARDS 6.0, 6.1 FROM LUN #5 AND POLYGON DATA FROM LUN #1
READ ELLIPSOID DATA FROM LUN #1 TILL ZTIME 2 CTIME
IF NPL>0, READ CARDS 7.1 AND 7.2 FOR EACH PLANE
INITIALIZE ARRAYS A AND SEGLP
IF NSEG>0, READ CARD 8.0 FROM LUN #5
IF'NPL>0, READ CARDS 9.0 AND 10.0 FROM LUN #5
READ CARDS 11.0, 12.0, 13.0, 14.0 AND 15.0 FROM LUN #5

IF ICODE = 0, CALL DRCYPR
IF ICODE = 2, CALL GENDCM
IF ICODE x 0 AND ICODE x 2, READ CARD 16.0 FROM LUN #5
STORE INITIAL VALUES OF VP + DVP ARRAYS

'

RETURN

IF NOT FIRST CALL

'

READ SEGMENT DATA FROM LUN #1 TILL ZTIME = CTIME

¢

WHEN CTIME REACHED, CALCULATE LINEAR POSITION OF CONTACT
ELLIPSOID IN INERTIAL REFERENCE SYSTEM

|

IF THIS MATRIX MULTIPLY ATTEMPTED TWICE WITHOUT AN
INTERVENING READ FOR LUN #1, SET IFLAG = 10

'

—— RETURN
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5.10 LSEGINT

YES
CALCULATE|_
T VALUES
NO

ARE BOTH LINE SEGMENTS VERTICAL ?

YES

y NO

ARE BOTH LINE SEGMENTS HORIZONTAL ?

YES

Y NO

IS ONE LINE VERTICAL AND THE
OTHER LINE HORIZONTAL ?

y NO

IS ONE LINE VERTICAL ?

* YES

SWAP ALL X COORDINATES WITH
Y COORDINATES

1

CALCULATE SLOPES OF BOTH LINES

!

ARE BOTH SLOPES THE SAME ?

—

Y
CALCULATE RATIO VALUES
Xn -
7= 20X
X5 X1

SEE DESCRIPTION OF LINE SEGMENT
INTERSECTION TEST

-

IF BOTH T VALUES ARE GREATER THAN
. ZERO AND LESS THAN ONE
SET INTERSECTION FLAG EQUAL TO 1
THERE IS INTERSECTION
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5.11 OVERLAP

SET | EQUAL TO FIRST OBJECT NUMBER
SET K EQUAL TO SECOND OBJECT NUMBER

-

GET THE POSITION OF FIRST CORNER OF
SECOND OBJECT

!

CHECK ALL POINTS OR CORNERS OF SECOND
OBJECT AGAINST FIRST OBJECT

CALL TPOINT

#

AND OVERLAP ?

YES

+ UNDETERMINED

CALL LSEGINT TO TEST FOR
LINE SEGMENT INTERSECTION

'

LINE SEGMENTS INTERSECT ?

YES
—-———*

T

Y

IF SECOND TIME THROUGH

YES

JMFLAG =1

oo

LET | EQUAL SECOND OBJECT NUMBER
LET K EQUAL FIRST OBJECT NUMBER
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5.12 PLPLN

ZERO SEG ARRAY

Y

FOR LL = 1, NPLANE
PLOT ALL POLYGONS

]

CALCULATE TOTAL NUMBER OF ,
VECTORS IN THE PERIMETER

CALCULATE THE FRACTION OF
A CONTOUR LINE FOR A
SINGLE STEP.

!

FOR K = 1, NSIDES
PLOT EACH SIDE

!

GENERATE SEG ARRAY
FOR THE CURRENT POLYGON

Y

SET IPEN = 3
INITIALIZE PEN UP

SETIELP = L
INITIALIZE DIRECTION
COSINE POINTER

Y

CALL PNTPLT

\
RETURN
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98

e m e e e - — —

INITIALIZE LAST AND CURRENT POINT FLAGS,
LFLAG AND IFLAG
r————- —1 ForinpuT= 1, NPTS COUNT EACH POINT
CHECK POINT WITH ALL POSSIBLE
BLOCKING OBJECTS
YES L
SWITCH BLOCKING OBJECT NUMBER WITH j
FIRST BLOCKING OBJECT NUMBER FIRST POINT ?
t NO
| EXTEND NEW VECTOR TO BOUNDARY
[ IS BOUNDARY DETECTED ?
YES ' L — no
———I 1S POINT HIDDEN ? LAST POINT HIDDEN ? I
[ y No Y ves
- NO NO
SET LAST FLAG POINTER X OR Y COORD. OFF PLOTTER ? _h ——I X OR Y COORD.OFF PLOTTER ?
LIFT PEN SET TO INDICATE NOT HIDDEN i YES * YES
LAST HIDDEN

FLAG, LFLAG=1

-

r X OR Y COORD. OFF PLOTTER ? Jﬂ

rYES

CALL CLIP, SAVE PEN DOWN,
SET IPEN TO LIFT

CALL CLIP, SAVE PEN DOWN, SET IPEN
TO LIFT

CALL CLIP, SAVE IPEN,
SET IPEN TO LIFT

Y

CALL PREPLT, PLOT
VECTOR, ENABLE 1ST CLIP

CALL PREPLT, PLOT
VECTOR WITH PEN DOWN,
ENABLE 1ST CLIP MOVE,
SAVE PEN DOWN MOVE,

CALL PREPLT, PLOT
VECTOR WITH PEN DOWN,
ENABLE 1ST CLIP MOVE,
SAVE PEN DOWN, SET

DRAW, SET IPEN TO DOWN, = SET IPEN TO DOWN IPEN TO DOWN
SAVE IPEN
SAVE X + Y COORDS, I SAVE X+ Y COORDS. J *—L SAVE X + Y COORDS.

[

—————————————————————————— .—-— - —*'V‘

‘ RETURN ’
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5.14 PREPLT

PREVIOUS PEN MOVE A CLIPPED PEN DOWN?

R

RETURN

+

SET LOGICAL FLAG XOFF IF OFF IN X DIRECTION. ~
SET LOGICAL FLAG YOFF IF OFF IN Y DIRECTION.

!

IF OFF IN X DIRECTION, DETERMINE LEFT OR RIGHT.
IF OFF IN Y DIRECTION, DETERMINE TOP OR BOTTOM.

Y

IF OFF IN X DIRECTION, SET Y COORDINATE TO YINTCP
BETWEEN PRESENT AND SAVED COORDINATES.

!

IF NOT OFF IN X DIRECTION, SET Y COORDINATE TO Y TOP
"~ OR BOTTOM (DETERMINED ABOVE).

+

[F OFF IN Y DIRECTION, SET X COORDINATE TO XINTCP
BETWEEN PRESENT AND SAVED COORDINATES.

o :

IF NOT OFF IN Y DIRECTION, SET X COORDINATE TO X
LEFT OR RIGHT (DETERMINED ABOVE).

!

MOVE PEN TO X AND Y COORDINATE WITH PEN UP.
RESET PEN VARIABLE TO DOWN.

!

RETURN
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5.15 POLYD

IF THE NUMBER OF PLANES. EQ. ZERO ——» RETURN
YES

!

FOR ALL PLANES

i

CROSS TWO SIDES OF THE POLYGON TO GET
THE NORMAL VECTOR TO THE POLYGON SURFACE

¢

NORMALIZE THE NORMAL VECTOR AND A VECTOR
REPRESENTING ONE SIDE OF THE POLYGON. USE
THESE UNIT VECTORS AS ROWS 1 AND 2 OF
THE DIRECTION COSINE MATRIX

i

CROSS THE FIRST TWO ROWS TO GET THE THIRD ROW

| n

“D"” MATRIX NOW CONTAINS D TRANSPOSE SO
TRANSPOSE “D” MATRIX TO GET THE CORRECT
DIRECTION IN THE “D” MATRIX

|

DEFINE SEGLP FOR THE CURRENT POLYGON

l

RETURN
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5.16 PRJELR

IF THE NUMBER OF SEGMENTS EQUAL ZERO

—3 RETURN

'

YES

FOR EACH SEGMENT

|

TRANSFORM A3zy3 MATRIX TO Ay IN THE
VEIWPOINT REFERENCE FRAME

Y

- CALL SOLVR THREE TIMES TO GET THE THREE

- VECTORS Ty, I5, AND r3; DEFINED IN THE

'DISCUSSION OF EQUATIONS USED BY PRJELR

¢

PROJECT rq. 13, AND 3 ON.TO THE
PROJECTION PLANE

'

CALL SOLVA TO GET THE COEFFICIENTS OF
THE ELLIPSE MATRIX “A"

#

SOLVE FOR LAMDA1 AND LAMDA2 WHICH
ARE THE TWO EIGENVALUES

¢

CONSTRUCT THE TWO EIGENVALUES
AND NORMALIZE THE EIGENVALUES

'

SETUP THE CONVEC AND SIGN ARRAYS

RETURN
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5.17 PRJPLY

IF THE NUMBER OF PLANES EQUALS ZERO — RETURN

1

— FOR EACH PLANE

s

I—-—J FOR EACH POINT ON EACH PLANE

¢

CONVERT POSITION VECTORS FOR EACH POINT TO
POSITION VECTORS FROM THE VIEWPOINT COORDINATE
SYSTEM WITH COMPONENTS IN THE VIEW POINT SYSTEM

¢

IF POINT IS THE FIRST POINT OF CURRENT PLANE
THEN SAVE POSITION OF THE CURRENT POINT
“PROJECTED ON THE PROJECTION PLANE” IN THE
POS ARRAY

SAVE THE PROJECTED CONTOUR VECTOR IN THE
CONVEC ARRAY

FIND SIDE1 CROSS SIDE2 AND SAVE THE SIGN
OF THE RESULT IN THE SIGN ARRAY

r-r-r————"F""F—"~""—""~""~"~""~""~""~"~""~"""""~""~"""~>~""~ "™~ ——/=—7™—7/7/7
e e e e e

RETURN
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5.18 PSE

FOR | = IHALF TO INDEX
SETUP LOOP GENERATE A COMPLETE CONTOUR LINE
FOR EACH PARTIAL CONTOUR LINE .

'

TRANSFER FIRST QUARTER OF CONTOUR LINE TO '
SEG. ARRAY. REPRESENTING THE PORTION OF THE
CONTOUR WHERE X, Y, Z=>0

\

GENERATE THE SECOND QUARTER OF CONTOUR LINE
AND SAVE IN SEG. ARRAY. THIS SECOND QUARTER
REPRESENTS THE PORTION OF THE CONTOUR

WHERE X, Y20 Z=0

i

GENERATE THE REMAINING HALF OF THE CONTOUR
LINE AND SAVE IN SEG. ARRAY. THIS SECOND
HALF REPRESENTS THE PORTIONS OF THE CONTOUR
WHERE X,Z20 Y=0

AND X=0 Z, Y=0

!

SET IPEN = 3 TO INITIALIZE THE PLOTTING PEN UP

!

—____—_"'—_____——__T'—.—___:—"f—__.—___—'T

-
|
l
I
I

CALL PNTPLT TO PLOT THE POINTS OF THE
CONTOUR LINE WITH HIDDEN PORTIONS REMOVE.
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5.19 XINTCP

CALCULATE DIFFERENCES BETWEEN SAVED AND PRESENT
X AND Y COORDINATES. CALL THEM X1 AND Y1

v

IF Y1 0.0, CALCULATE PFACTOR AS :—:

!

IF Y1=00, SET PFACTOR TO 0.0

|

CALCULATE DIFFERENCE BETWEEN SAVED AND INTERCEPT Y
VALUES. MULTIPLY THIS DIFFERENCE BY PFACTR AND
ADD IT TO SAVED X COORDINATE. SET IT EQUAL TO XINTCP.

T

RETURN
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5.20

YINTCP

CALCULATE DIFFERENCES BETWEEN SAVED ANDlPRESENT X
AND Y COORDINATES. CALL THEM X1 AND Y1.

\

IF X1 =0.0, CALCULATE PFACTR AS -

Y

IF X1=0.0, SET PFACTR TO 0.0

!

CALCULATE DIFFERENCE BETWEEN SAVED AND INTERCEPT X ,
VALUES. MULTIPLY THIS DIFFERENCE BY PFACTR AND ADD
AT TO SAVED Y COORDINATE. SET IT EQUAL TO YINTCP.

]

RETURN
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6.0  VIEW PROGRAM VARIABLE GLOSSARIES BY PROGRAM MODULE

This section contains lists of selected variables contained in VIEW. The
lists contain all pertinent variables and exclude temporary variables such
as DO loop indices and intermediate, calculated variables. This section is
organized in the following manner; common block variables, main program
variables, and variables for each subroutine, subroutines in alphabetical
order. The variables for all common blocks have been combined and listed
in alphabetical order. For which common block the variable belongs, see
Section 7, cross-reference Chart 7.3. The variable descriptions are alpha-
betized within each subroutine. The variable description consists of the
variable name; its dimension, if any; FORTRAN data type; and a short
description.

6.1 COMMON BLOCK VARIABLE DEFINITIONS

A(3,3,30) ' Real Array. Contains the ellipsoid
matrices used in the following equation:
re[Alr=1
BDRS Integer scalar. Constant that represents

a particular graphics output system.
Used with DEVFLG. Initialized in Main.

CONVEC (2,5,90) ' Real array. Contains vectors on the
projection plane that represent the
projected polygons and rectangles that
circumscribe projected ellipsoids on the
projection plane. Initialized in sub-
routine PRJPLY.

D(3,3,90) Real array. Contains directional cosine
matrices for segments (third subscript
value 1-30) and polygons (31-90). Data
for the segments is read from the ATB
input file in subroutine INPUT and data
for polygons is initialized in subroutine
POLYD. Transforms from the inertial
coordinate system to the local geometric
coordinate sytem of the segment.

DEVFLG Integer scalar. Represents VIEW program

output device number. Read from input
control file in Main.
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DVP(3,3)

DVP@(3,3)

ICOLOR (91)

. IDEBUG(80)

IE(90,90)

IELP

IFLAG

INT

IREMOV (30)

Real array. - Contains the direction
cosine matrix for the viewpoint coordi-
nate system that transforms from the
inertial reference system to the view-
point coordinate system. Initialized in
subroutine INPUT and modified in Main.

Real array. Contains the original
direction cosine matrix that transforms
from the segment reference system to
which the viewpoint is attached, to the
viewpoint coordinate system. Initialized
in subroutine INPUT.

Integer array. Contains color numbers
for each ellipsoid (subscript values 1-
30), polygon (31-90) and title (91).
Read from input control file in sub-
routine INPUT.

Integer array. Contains debugging
printer control flags. Read from input
control file in Main.

Integer array. Contains object numbers
that overlap with a given object. Second
subscript values 1-30 represent ellip-
soids, 31-90 represents polygons.
Initialized in subroutine BUILDIE.

Integer scalar. Represents ellipsoid or
polygon that is currently being

plotted. Initialized and modified in
Main and subroutine PLPLN.

Integer scalar. Flag indicating state of
subroutine INPUT. Initialized and modi-
fied in Main and INPUT.

Integer scalar. Number of iterations
used in subroutine EXTEND for finding the
edge of a hidden line segment. INT =4
is recommended. Read from input control
file in subroutine INPUT.

Integer array. Contains numbers that
represent polygons to be removed from
View program output. Read from input
control file in subroutine INPUT.
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IvP

MPL(3,5,60)

NIE(90)

NISG

NP

NPLANE

NPPP (90)

NPREM

NSEG

NSTEPS(90)

Integer scalar. Segment number
representing ellipsoid, vehicle, or
ground to which the viewpoint and focal
point are attached.

Integer array. Contains segment and
ellipsoid jdentification numbers for each
plane segment contact as defined in the
ATB program. MPL is read in from both
the ATB input file and the input control
file.

Integer array. Contains the number of
overlapping ellipsoids and polygons for a
given ellipsoid or polygon. Subscript
values 1-30 represent ellipsoids, 31-90
represent polygons. Initialized in
subroutine BUILDIE.

Integer scalar. Defines the reference
frame for unattached planes. Read from
input control file in subroutine INPUT.

Integer scalar. Represents the number of
ATB input polygons. Read from ATB input
file in subroutine INPUT.

Integer scalar. Represents total number
of polygons (ATB input plus VIEW input
planes). Initialized in subroutine
INPUT.

Integer array. Contains number of points
per polygon. This equals number of sides
plus one. Initialized in subroutine
PRIJELR for rectangles about ellipsoids
and read from input control file in
subroutine INPUT for polygons.

Integer scalar. Represents the number of
polygons to be removed from plot out-
put. Read from input control file in
subroutine INPUT,

Integer scalar. Total number of segments
read from ATB input file in subroutine
INPUT.

Integer array. Contains number of steps
(grid points along an axis) for each
ellipsoid and polygon. In the case of
the polygons, NSTEPS represents the
number of vectors on any one side of the
polygon. Read from input control file in
subroutine INPUT.
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OFLINE

OFSETX

OFSETY

ONLINE

P(3,4,60)

PL(17,30)

P0S(2,90)

P0(3,4,60)

RA(3)

Integer scalar. Constant that represents
off-1line condition. Used with DEVFLG.
Initialized in Main.

Real scalar. Offset variable to move
plot in X direction on the plotting
area. Read from input control file in
subroutine INPUT.

Real scalar. Offset variable to move
plot in Y direction on the plotting
area. Read from input control file in
subroutine INPUT.

Integer scalar. Constant that represents
online condition. Used with DEVFLG.
Initialized in Main.

Real array. Contains vectors that
represent the polygon sides in the iner-
tial reference frame. Initialized in
subroutine CONVREC.

Real array. Contains polygon parameters
for ATB input polygons. Read from ATB
input file.

Real array. Contains position vectors
for the polygons represented by the
CONVEC array. These position vectors
originate from the viewpoint origin on
the projection plane to a corner of the
polygon stored in the CONVEC array. POS
vectors are in the viewpoint coordinate
system. POS is initialized in subroutine
PRJPLY.

Real array. Contains position vectors of
the polygon vertices in reference to the
MPL coordinate system. ATB input poly-
gons are initialized in subroutine
CONVREC, and VIEW input polygons are read
from input control file in subroutine
INPUT.

Real array. Contains three different
kinds of data depending on the value of
ICODE. These data are:

ICODE =0 Ro11, pitch, and yaw
angles are supplied in RA
array.. Initialized in
subroutine DRYCYPR.
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SEGLP(3,90)

SFACTR

SIGN(90)

TERM

TIME

VP(3)

ICODE

1 Direction cosine matrix
supplied as input. The RA
array is the first row of
the direction cosine
matrix. The second and
third rows are on the next
record. This data is read
from the input control
file in subroutine
INPUT.

ICODE = 2 Point at which viewpoint
Z-axis to aim is supplied
in the RA array. Read
from input control file in
subroutine INPUT.

Real array. Contains position vectors
for ellipsoids and polygons. These
vectors go from the inertial reference
origin to the center of the contact
ellipsoid. In the case of a polygon,
this vector points to one corner of the
polygon. SEGLP is in the inertial refer-
ence frame. It is read from the ATB
input file in subroutine INPUT.

Real scalar. Reprsents scale factor for
plot. Is the Z coordinate of the pro-
jection plane in the viewpoint reference
frame. Read from input control file in
subroutine INPUT.

Real array. Contains cross product of
side 1 and side 2 of a polygon. Initial-
ized in subroutine PRJPLY,.

Integer scalar. Constant that represents
terminal as output device. Used with
DEVFLG. Initialized in Main.

Real scalar. Time (seconds) of the
current segment data set. Read from ATB
input file in subroutine INPUT.

Real array. Position vector for the
viewpoint coordinate system. This vector
is in the inertial reference frame. Read
from input control file in subroutine
INPUT and modified in Main.
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6.2

VPO(3)

VP2(3)

ZTIME

MAIN PROGRAM

CTIME

DTIME

ETIME

ID(10)

LUPLOT

NF

STIME

XTIME

Real array. Contains the coordinates of
the viewpoint in the coordinate system to
which the viewpoint is attached. These
are the original values read into array
VP. Initialized in subroutine INPUT.

Real array. Contains the viewpoint
position vector in the viewpoint coordi-
nate system. ' '

Double precision scalar. Represents time
of current data set (TIME) rounded to the
nearest microsecond. This was done in
order to get equal comparisons between
input data time and program calculated
time. Modified in subroutine INPUT.

Double precision scalar. Represents
current time of the program rounded to
the nearest microsecond. '

Double precision scalar. Represents
delta time or what time step value CTIME
will be incremented. Read from record
4.0 of input control file.

Double precision scalar. Represents end
time of the program. Read from record
4.0 of input control file.

Real array. Contains 40 character title
strip. Read from record 3.0 of input
control file.

Integer scalar. Represents logical unit
number for the output plotting file.

Integer scalar. Frame counter that is
written every frame to output Tlist
file.

Double precision scalar. Represents
start time of the program or when to
begin plotting. Read from card 4.0 of
input control file.

Real scalar. Temporary variable that is

the current program time expressed in
milliseconds for plotting.
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6.3

6.4

WORK (10000)

SUBROUTINE BUILDIE

10BJ

KPLANE

MFLAG

MPLANE

SUBROUTINE CLIP

IPEN

IPLOT

LCALL

XLIMIT

XLSAV

XLTEMP

Real array. Temporary array space
allocated for subroutines ELIPSN, PSE,
and PLPLN.

Integer scalar. Equal to present object
number plus one.

Integer scalar. Equal to total number of
polygons plus 30.

Integer scalar. Flag passed back from
subroutine OVERLAP telling whether or not
there is a overlap condition.

Integer scalar. Equal to total number of
polygons plus 29.

Integer scalar. Calcomp pen value passed
through argument 1list from subroutine
PNTPLT.

Integer scalar. Flag that tells CLIP if
last pen move was clipped (IPLOT=0), or
plotted (IPLOT=1).

Integer scalar. Flag that tells CLIP if
last call to CLIP was a pen up to first
point in line. LCALL=0 means it was,
LCALL=1 means that it was not.

Real scalar. X coordinate of point to be
plotted passed through argument list from
PNTPLT.

Real scalar. If X coordinate off
plotting region, this variable contains
value of which boundary (left or right)
it is off.

Real scalar. X coordinate of first point °
in line that was clipped in last call to
CLIP.

Real scalar. Value of X coordinate to

move to if previous call to CLIP was a
pen up to first point in segment.
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XMAX
XMIN
XOFF

XSAV

XTEMP

YLIMIT

YLSAV

YLTEMP

YMAX
YMIN
YOFF

YSAV

Real scalar. Constant that represents
right side X 1imit of plotting region.
Read from record 16.0 in input control
file.

Real Scalar. Constant that represents
left side X 1Timit of plotting region.
Read from record 16.0 in input control
file.

Logical scalar. Is .FALSE. if X
coordinate within valid plotting region,
.TRUE. if outside plotting region.

Real scalar. X coordinate of last plot
move. Passed through argument 1ist from
PNTPLT.

Real scalar. X coordinate of end point
of 1line segment to be clipped.

Real scalar. Y coordinate of point to be
plotted. Passed through argument 1list
from subroutine PNTPLT.

Real scalar. If Y coordinate of plotting
region, this variable contains value.of
which boundary (top or bottom) it is

off.

Real scalar. Y coordinate of first point
in 1line that was clipped in last call to
CLIP.

Real scalar. Value of YMIN or YMAX,
depending on if first point in line
clipped was off top or bottom of"
plotter.

Real scalar. Constant that represents
upper (top) limit of the plotting
region. Defined in subroutine PNTPLT.

Real scalar. Constant that represents
lower (bottom) limit of the plotting
region. Defined in subroutine PNTPLT.

Logical scalar. Is .FALSE. if Y
coordinate within valid plotting region,
.TRUE. if outside plotting region. -

Real scalar. Represents Y coordinate of

previous point plotted. Passed through
parameter list from subroutine PNTPLT.
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6.5

6.6

6.7

YTEMP

SUBROUTINE CONVREC

DDD

DX(3)

ISG

FUNCTION DET

All
Al2
A13
A2l
A22
A23
A31
A32
A33

DET

Real scalar. Value of YMIN or YMAX,
depending on if point clipped is off top
or bottom of the plotter.

Real scalar. Intermediate variable used
in calculating data for P@ array.

Real array. Contains results from
determinant function DET for solving the
three equations CONVREC uses.

Integer scalar. Segment number that
defines the coordinate system for
plotting that particular plane.

Integer scalar. Number of points in the
polygon. Loaded from array NPPP.

Real array. Contains matrix multiple of
portions of arrays DVP and P{.

Vector in ¢=R+3,
Vector in C=R*5.

Result vector in 6¥K*§.

Real array.
Real array.

Real array.

Real scalars.
Values Representing 3 x 3, square array.

Real scalar.

Determinant of input
array. :
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SUBROUTINE DOT and DOTT

A(L,3) : " Real array. Array A in matrix multiply
C=AB.

B(1,3) Real array. Array B in matrix multiply
C=AB.

C(N,M) | Real array. Output of DOT(T), in array C

matrix multiply C=AB.

L Integer scalar. First subscript value
for arrays A and B.

M " Integer scalar. Second subscript value
for array C.

N Integer scalar. First subscript value
for array C.

SUBROUTINE DRCYPR
A(3) ' Real array. Contains rotation angles
(degrees).

D(3,3) Real array. Output of DRCYPR, contains
direction cosine matrix.

Il Integer scalar. Axis of rotation for
first angle (X=1, Y=2, Z=3).

12 Integer scalar. Axis of rotation for
second angle (X=1, Y=2, Z=3).

I3 Integer scalar. Axis of rotation for
third angle (X=1, Y=2, Z=3).

M ' Integer scalar. Constant of 6, size of T
array.

N Integer scalar. Constant of 3, size of A
array.

P ' Real scalar. Pitch angle in radians.

R Real scalar. Roll angle in radians.

RADIAN , ‘ . Real scalar. Constant for degrees to

radians conversion.
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6.10

7(6,3)

SUBROUTINE ELIPSN

DELTAX

DELTAY

IN(INDEX)

INDEX

SIMP1

SIMP2

SIMP3

TEMP

TEST

X1(3, INDEX, INDEX2)

Real array. Temporary buffer space used
for matrix multiple.

Real scalar. Yaw angle in radians.

Real scalar. Semiaxes Tength in X
direction divided by number of steps.

Real scalar. Semiaxes length in Y
direction divided by number of steps.

Integer array. Number of points in each
contour array.

Integer scalar. Number of steps plus
one,

Integer scalar. Number of points in this
half contour that is about the X axis.

Real scalar. —— where "a" is the
a
semiaxes length in the X direction.
Real scalar. — where "b" is the
b
semiaxes length in the Y direction.

Real scalar, where "c" is the

o
semiaxes length in the Z direction.

2
Real scalar. The value of 1-X *SIMP1.

2
Real scalar. The value of TEMP-Y *SIMP2,

Real scalar. Current X coordinate,
starts at zero.

Real array. Semiellipsoid contour array.
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6.11

6.12

SUBROUTINE EXTEND

IFLAG

KK

NUM

- P(3,2)

P3(3)

SUBROUTINE GENDCM

CAMERA(3)

D(3,3)

Real scalar. Current Y coordinate,
starts at zero.

Real 'scalar. Current Z coordinate,
starts at length "C."

Integer scalar. Points to unhidden point

location in P array.

Integer scalar. Flag passed back from
subroutines HIDE and HYDE telling whether
or not the point is hidden.

Integer scalar. Points to hidden point
location in P array.

Integer scalar. Overlapping object
number that overlaps with present object,
from array IE. '

Integer scalar. Denotes midpoint
coordinates, either I or J, depending on
hidden or not.

Integer scalar. Represents the number of
overlapping objects with a particular
object.

Real array. Contains X, Y, and Z
coordinates of the end points of the
Tine.

Real array. Temporary buffer containing
coordinates of the midpoint of the line.

Real array. Position vector for the
viewpoint in the reference sysem of the
segment to which the viewpoint is
attached.

Real array. Direction cosine matrix for
viewpoint. This direction cosine matrix
transforms from the inertial reference
frame to the local reference frame.
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6.13

6.14

SUBROUTINE HIDE

IFLAG

KK

NPRIME (3)

P3(3)

P4(3)

P5(3)

P6(3)

P7(2)

PP(3)

SUBROUTINE HYDE

IFLAG

Real array. Position vector for point
which viewpoint Z axis is aimed.

Real scalar. Running summation of values
in"Z array.

Real scalar. Normalization factor.

Real array. Contains differences between
matching values in CAMERA and FOCUS
arrays.

Integer scalar. Flag passed back to
caller indicating hidden (IFLAG=1), or
not hidden (IFLAG=2).

Integer scalar. Polygon number to check
blocking on.

Real array. Contains matrix multiply of
arrays DVP and PPRIME,

Real array. Contains position vector of
point.

Real array. Contains P3 transformed to
viewpoint reference system.

Real array. Contains matrix multiple of
NPRIME and PPRIME arrays.

Real array. Contains matrix multiple of
NPRIME and P4 arrays.

Real array. Contains position vector P4
projected on the projection plane.

Real array. Contains polygon sides P
minus the viewpoint array VP.

Integer Scalar. Flag passed back to
caller to indicate whether or not the

point was hidden. IFLAG=1 means hidden,
IFLAG=2, not hidden.

106



6.15

SUBROUTINE INPUT

BD(24, 40)

CTIME

DD (3)

ICODE

ISHW1

NFAST

'NSIDES

NSP

Integer scalar. Possible hiding
ellipsoid number.

Real array. Vector to plottihg point in
local reference frame of ellipsoid or
polygon of which it is a part.

Real array. Contains contact ellipsoid
parameters for each contact ellipsoid.
The rotation of the contact ellipsoid
relative to the segment coordinate system
is already incorporated in the values of
this array. Read from ATB input file.

Double precision scalar. Current program
time (seconds) calculated in Main pro-
gram. :

Real array. Contains the offset vector
(in the inertial coordinate system) of
the contact ellipsoid from the segment
c.g.

Integer scalar. Input flag controlling
the generation of the direction cosine
matrix. Read from input control file.

Integer scalar. Flag controlling whether
plots are to be made when the time of the
VIEW run is less than the time interval

of the simulation data. If this is true,

. only the available simuiation data will

be plotted.

Integer scalar. Represents number of
segments to be removed used in ATB simu-
lation. Read from input control file.

Integer scalar. Number of sides in a
polygon. Loaded from NPPP array.

Integer scalar. Defines number of

supplemental planes being input from
input control file.
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6.16

6.17

SUBROUTINE LSEGINT

IFLAG

M(2)

P(4,2)

P1(2)

P2(2)

R1(2)

R2(2)

T(2)

SUBROUTINE MAT

A(JA,1)

B(JB,1)

c(Jc,1)

JA

JB

JC

LL

Integer scalar. Flag indicating
intersection (IFLAG=1), or no inter-
section (IFLAG=0).

Real array. Contain the s]bpes of the
two lines.

Real array. Contains coordinates of
lines P1-P2 and R1-R2,

Real array. Contains X and Y coordinate
of one end point of line P1-P2.

Real array. Contains X and Y coordinate
of the other end point of line P1-P2.

Real array. Contains X and Y coordinate
of one end point of Tine R1-R2,

Real array. Contains X and Y coordinate
of the other end point of Tine R1-R2,

Real array. Contains T ratio values,
where

X0 - X1
T =y

Real array. Array in matrix multiply
C=AB.

Real array. Array in matrix multiply
C=AB.

Real array. Array in matrix multiply
C=AB.

Integer scalar. First subscript value
for array A.

Integer scalar. First subscript value
for array B.

Integer scalar. First subscript value
for array C.

Integer scalar. Size of array A.
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6.18

6.19

MM
NN

SUBROUTINE NFRAME

" ENDFRA

LU

MASK

STATUS

SUBROUTINE OVERLAP

IT1

KKK~
MFLAG

NPTS1

NPTS2

- Integer scalar. Size of array B.

Integer scalar. Size of array C.

Real scalar. Running summation of matrix
multiple.

Integer scalar. End-of-frame halfword to
Grinnell graphics system.

Integer scalar. Dummy argument for
PLOTS.

Interger scalar, Dummy argument for
PLOTS. : '

Integer scalar. Halfword mask defining
what corresponding bit in ENDFRA to
change.

Integer scalar. Dummy argument for
PLOTS.

Integer scalar. Contains return status
of the request.

Integer scalar. Denotes object No. 1 to
be tested.

Integer scalar. Same as variable I.

Integer scalar. Denotes object No. 2 to
be tested.

Integer scalar. Same as variable K.
Integer scalar. Indicates overlap or
not. MFLAG=0 indicates no overlap and
MFLAG=1 indicates overlap.

Integer scalar. Number of sides plus one
for object No. 1.

Integer scalar. Number of sides plus one
for object No. 2.
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6.20

6.21

P1(2)

P2(2)

R1(2)

R2(2)

SUBROUTINE PLPLN

Il
12

INDEX2

IPEN
NSIDES
NUM

SEG(3,3000)

SUBROUTINE PNTPLT

IFLAG

Real array. Contains X and Y coordinates
on projection plane of first end point of
first line segment.

Real array. Contains X and Y coordinates
on projection plane of second and point
of first line segment.

Real array. Contains X and Y coordinates
on projection plane of first end point of
second line segment.

Real array. Contains X and Y coordinates
on projection plane of second end point
of second line segment.

Real scalar. The fraction of a contour
line that a single step represents.

Integer scalar. Starting point number
for the current side.

Integer scalar. Ending point number for
the current side.

Integer scalar. Variable telling how
large to dimension SEG in subroutine
PNTPLT.

Integer scalar. Calcomp pen control
variable.

Integer scalar. Number of points for
present polygon.

Integer scalar. Total number of points
that make up the contour of a plane.

Real array. Array of vectors that make
up the sides of a polygon.

Integer scalar. Flag passed back from
subroutines HYDE and HIDE telling whether
or not the Tine is hidden.
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INDEX2

INUM

IPEN

IPLOT

KK

LFLAG

NEWPEN

NPTS

P(3)

PP(3,2)

PPP (3)

SEG(3,INDEX2)

Integer scalar. Input argument telling
how large to dimension array SEG. Calcu-
lated in Main as: (NSTEPS for that
object x 4) + 1.

Integer scalar. Represents the number of
objects which overlap with a particular
object.

Integer scalar. Pen value sent to the
Calcomp subroutine PLOT. Either pen up
(3) or pen down (2).

Integer scalar. Flag sent to subroutine
CLIP to plot only first line segment
after clipping determined.

Integer scalar. Overlapping object
number that overlaps with present object,
from array IE. '

Integer scalar. Flag set which tells
whether or not last point was hidden.
LFLAG=1 means point was hidden and
LFLAG=2 means not hidden.

Integer scalar. Variable contains value
of last pen move. The number is positive
if the pen move was performed and nega-
tive if the pen move was clipped.

Integer scalar. Number of points to
plot, from subroutines PLPLN and PSE.

Real array. Contains coordinates of end
point of line returned by subroutine
EXTEND.

Real array. Contains coordinates of end
points of line sent to subroutine EXTEND.

Real array. Coordinates of point
currently being plotted, converted to
viewpoint reference frame.

Real array. Contains coordinates of
points to be plotted, passed through
argument list by subroutines PSE and
PLPLN.

Real scalar. Final X coordinate of point
to be plotted.
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6.22

XMAX
XMIN

XSAV

YMAX

YMIN
YSAV

SUBROUTINE POLYD

D1(810)

INDEX(G)

NUM
SUMD1

SUMD2

Real scalar. Constant that represents
the right limit of the plotting region.
Defined in data card 16.0 in input con-
trol file.

Real scalar. Constant that represents
the left limit of the plotting region.
Defined in data card 16.0 in input con-
trol file.

Real scalar. Represents X coordinate of
previous point plotted.

Real scalar. Final Y coordinate of point
to be plotted.

Real scalar. Constant that represents
upper (top) limit of the plotting region.

Real scalar. Constant that represents
Tower (bottom) 1imit of the plotting
region. ’

Real scalar. Represents Y coordinate of
previously plotted point.

Real array. Equivalent with array D,
contains directional cosine matrices for
the polygons.

Real array. Contains constants used for
transposing data elements in D to get
correct direction in matrix D.

Integer scalar. Calculated variable that
converts a 3-dimensional subscript value
to a single dimensional one.

Integer scalar. Offset used to put data
from P array into SEGLP array.

Real scalar. Magnitude squared of the X
coordinate axis of the polygon.

Real scalar. Magnitude squared of the y
coordinate axis of the polygon.
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6.23 SUBROUTINE PREPLT

IPEN

NEWPEN

XLIMIT

XMAX

XMIN

XOFF

XSAV

XTEMP

YLIMIT

YMAX

YMIN

YOFF

Integer scalar. Variable that denotes
Calcomp pen move value from PNTPLT,

Integer scalar. Saved value of the
previous pen (IPEN) move.

Real scalar. X coordinate of first end
point of line X,Y - XSAV, YSAV,

Real scalar. If X coordinate outside
valid plotting region is equal to bound-
ary value (left or right), pen is off.

Real scalar. Constant that represents
right limit of valid plotting region.
Defined in subroutine PNTPLT.

Real scalar. Constant that represents
left 1imit of valid plotting region.
Defined in subroutine PNTPLT.

Logical scalar. Is .FALSE. if X
coordinate in plotting region, .TRUE. if
outside.

Real scalar. X coordinate of second end
point of line X, Y - XSAV, YSAV.

Real scalar. X coordinate of the
intercept point at YTEMP between X, Y and
XSAV, YSAV.

Real scalar. Y coordinate of the first
end point of Tine X, Y - XSAV, YSAV.

Real scalar. If Y coordinate outside
valid plotting region, is equal to bound-
ary value (top or bottom) pen is off.

Real scalar. Constant that represents
upper (top) limit of the plotting
region. Defined in subroutine PNTPLT.

Real scalar. Constant that represents
lower (bottom) 1imit of the plotting
region. Defined in subroutine PNTPLT.

Logical scalar. Is .FALSE. if Y

coordinate in plotting region, .TRUE. if
outside.
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6.24

YSAV

YTEMP

SUBROUTINE PRJELR

All

Al12

A22

DD(3,3)

DDD(3,3)

LAMDA1

LAMDA2

M1

M2

R(3,3)

R2(2,3)

RX1
RX2
RY1
RY2

Real scalar.
end point of

Real scalar.

Y coordinate of the second
Tine X, Y, and XSAV, YSAV.

Y coordinate (either YMIN

or YMAX) where pen went out of the
piotting region.

Real scalar.
component of

Real scalar.
component of

Real scalar.
component of

Real array.
intermediate
array to A'.

Real array.
array.

Real scalar.
circumscribe

Real scalar.
circumscribe

Real scalar.
axis vector.

Real scalar.
axis vector.

Real array.

Represents the aj;

[al.

Represents the a;,

La].

Represents the ay,

[a].

Array containing
values for transposing A

Contains values of the A'
Eigenvalue used to

ellipse with rectangle.
Eigenvalue used to
ellipse with rectangle.
Value representing major

Value representing minor

Contains X, Y, and Z

components of Fi, f3, and rs.

Rea]_gpray.

. - =
Contains values of rj, rj,

and F3 on the projection plane.

Real scalar.
Real scalar.
Real scalar.

Real scalar.
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6.25

6.26

SUBROUTINE PRJPLY

NPTS

PP1(3)
PP2(3)

PPP2(3)

SUBROUTINE PSE

THALF

IN
INDEX
INDEX2
IPEN
KK

LINE

Real array. Contains matrix multiple of

- DVP and SS.

Real array. Contains position vectors
for individual ellipsoid minus inertial
reference frame.

Integer scalar. Number of points in the
polygon. Taken from array NPPP.

Real array. Vector from the viewpoint
origin to the point (vertex) in the
inertial coordinate system.

Real array. Vector from the viewpoint
origin to the point (vertex) in the
inertial coordinate system.

Real array. Vector from the viewpoint
origin to the point (vertex) in the
viewpoint coordinate system.

Integer scalar. Flag that indicates
which half of the ellipsoid to plot.
IHALF=1, semiellipsoid with X >0
plotted, IHALF=2, semiellipsoid with
X < 0 plotted.

Integer scalar. Number of points in each
quarter contour. saved in array X1.

Integer scalar. Number of steps plus
one.

Integer scalar. Maximum number of points
any complete contour can have.

Integer scalar. Calcomp pen control
variable.

Integer scalar. Variable in DO 60 Tloop
which runs the loop backwards.

Integer scalar. Varaible in DO 100 loop
which runs the loop backwards.
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6.27

6.28

6.29

NPT

NPTS

SEG(3,INDEX2)

X1(3,INDEX,INDEX)

SUBROUTINE ROT

A(M,3)

TH

SUBROUTINES SOLVA, SOLVR

Integer scalar. Number of points in
semiellipsoid to transfer to array SEG.

Integer scalar. Number of points in
semiellipsoid.

Real array. Array containing a complete
contour.

Real array. Semiellipsoid contour array.

Real array. Output of ROT, rotation
matrix to be computed.

Real scalar. Cosine of angle of
rotation.

Integer scalar. Variable telling which
axis to rotate about (X=1, Y=2, Z=3).

Integer scalar. First subscript value
for array A.

Real scalar. Sine of angle of rotation.

Real scalar. Angle of rotation
(radians).

See Appendix B, Discussion of Equations used by PRJELR. The

variables correspond to the equations found in this appendix.

SUBROUTINE TITLE

10(10,20)

NFRAME

Integer array. Contains text for title
frame.

Integer scalar. Number of title frames
to plot.
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6.30

6.31

NLINE

SIZE

SUBROUTINE TPOINT

SUBROUTINE TRANS1

DD(3,3)

Integer scalar. Constant that represents
number of lines in each title frame.

Real scalar. X coordinate of where to
start plotting title frame. :

Real scalar. Height of characters in
title frame.

Real scalar. Y coordinate of where to
start plotting title frame.

Integer scalar. Denotes polygon on
projection plane.

Integer scalar. Flag passed back to IN=1
caller, IN=1 means point inside polygon,
means outside the polygon.

Integer scalar. Number of points for
polygon I.

Real array. Contains position vector for
polygon I.

Real array. Point on the projection
plane to be tested.

Real array. Contains differences between
PP1 and PP2.

Real scalar. Test variable created 1like
array SIGN.

Real array. Contains matrix multiple of
DVP and parts of D.

Real array. Output of TRANS1, it is
position vector of an ellipsoid trans-
formed to the viewpoint reference
frame. '

Real array. Input to TRANS1, contains
position vector for surface points of an
ellipsoid in the segment coordinate
system.
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6.32

6.33

R2(3)

SEGLP2(3)

FUNCTION XINTCP

PFACTR

X1

XINTCP

XSAV

Y1

Y2

YSAV

YTEMP

SUBROUTINE XYZ

Real array. Contains the position vector
of an ellipsoid in the viewpoint coordi-~
nate system.

Real array. Contains the location of the
segment c.g. in the viewpoint coordinate
system.

Real scalar. The slope of the line
X, Y - XSAV, YSAV.

Real scalar. X coordinate of first end
point of line X, Y - XSAV, YSAV,

Real scalar. Difference between X and
XSAV.

Real scalar. X coordinate value of YTEMP
in 1ine X, Y - XSAV, YSAV,

Real scalar. X coordinate of second end
point of Tine X, Y - XSAV, YSAV,

Real scalar. Y coordinate of first end
point of line X, Y - XSAV, YSAV.

Real scalar. Difference between Y and
YSAV,

Real scalar. Difference between YTEMP
and YSAV.

Real scalar. Y coordinate of second end
point of line X, Y - XSAV, YSAV,

Real scalar. Y coordinate value (between
Y and YSAV) for which the caller wants
the X coordinate.

See Appendix B, “"Hidden Line Problem Between Two El1lipsoids."

Variables in XYZ correspond directly to the equations in this

appendix.
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6.34

6.35

FUNCTION YINTCP

PFACTR

X1

X2

XSAV

XTEMP

Yl

YINTCP

YSAV

SUBROUTINE YZ, Z

Real scalar. The slope of the line X,
Y - XSAV, YSAV, :

Real scalar. X coordinate of the first
end point of the line X, Y - XSAV, YSAV,

Real scalar. Difference between X and
X1,

Real scalar. Difference between XTEMP
and XSAV.

Real scalar. X coordinate of second end
point of 1ine X, Y - XSAV, YSAV.

Real scalar. X coordinate value (between
X and XSAV) for which the caller wants
the Y coordinate.

Real scalar. Y coordinate of first end
point of line X, Y - XSAV, YSAV,

Real scalar. Difference between Y and
YSAV,

Real scalar. Y coordinate value at XTEMP
in line X, Y - XSAV, YSAV.

Real scalar. Y coordinate of second end
point of 1ine X, Y - XSAV, YSAV,

See Appendix B, "Hidden Line Problem Between Two Ellipsoids."

Variables in YZ and Z correspond directly to the equations in this

appendix.
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7.0

SUBROUTINE, COMMON BLOCK, AND VARIABLE CROSS-REFERENCE CHARTS

This section contains three cross-reference charts: subprograms
called by other subprograms, common blocks used by subprograms, and
variables contained within each common block.
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Subprogram Cross-Reference Chart
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7.2 Common Block Cross-Reference Chart
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7.3 Variable Cross-Reference Chart . -
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8.0  VIEW PROGRAM SOURCE LISTING

I Rs el ekl RelaRa s Rakala e ke s la RN a N s N e N R e Na Na N e N e N N e N e R N N NaNa N Na e Na R s e

PROGRAM VIES
COMMCON/PLTT/SFACTR,INT,TIME,ICOLOR(91),OFSETX,OFSZTY,ITIME
COMMON/INTERS/ NIE(99),I5(903,70)
COMMON/ELLIPSE/NSTEPS(F D) »TELP,A(3,3,30),3EGLP(3,9D),VP(3),
*D(2,3,99),0VP(3,3),4(3),NSEG '
COMMON/POLYGON/NPLANE, IFLAG,NPPP(ID),PR(3,4,60),P(3,4,60),
*CONVEC(2,4,90),P3S(2,95),5SI5N(9D)

COMMON/ATS/PLCT17,30)
COMMON/VIZ4P/VPO(3),DVPO(3,3),IV2,VP2(3)
COMMON/DBUG/IDEBUGCOD) S NISG,DEVFLG,ONLINE,TERN,IDR3,OFLINE
DIMENSION WORX(13G3d)

DIMENSION ID(1D)

INTEGER DEVFLG,ONLINE,TERM,EDRS,OFLINE

DCU3LE PRECISION ZTIME,CTIME,STINME,DTIME,ETIME

PROGRAM VIEW VERSION 1.1 MARCH 72,1983
WRITTEN &Y SRL IN SUPPORT OF THE

MATHEMATICS AND ANALYSIS 3RANCH OF AMRL

AT WPAFB.

STORED ON TAPET THAT IS JUTPUT FROM THE ATSM VERSION V5D.

THIS PROGRAM USES CONTOUR LINZS TS5 REPRESENT THE 3-D PROPERTIES OF
THE DATA ON TAPET1. THE CONTGUR LINES ARZ PLOTTED ON PAPER THAT

REPRESENTS THE PROJECTION PLANE. THE POINTS THAT COMPOSE A CONTOUR
LINE IN 3-SPACE ARE PRCJSCTED THROUGH A POINT ON TO THE PROJEZCTION

PLANE.

CURRENTLY THERE ARE TWO CLASSES OF OBJECTS THAT ARE PLOTTED USING

CONTOUR LINES.
CLASS 1 - ELLIPSOIDS

ELLIPSOIDS ARE USED TO REPRESENT 83DY SEGMENTS. THIS PROGRAM ALLOWS

ELLIPSOIDS TO B INMBEDDEOD IN OTHER ELLIPSOIDS.

CLASS 2 =~ CONVEX POLYGONS

CONVEX POLYGONS ARE USED TO REPRESENT 03JZCTS THAT CAN 3E DEFINCO

3Y A SET OF PLANES. ALL POLYGONS DEFINED BY THE INPUT MUST SE
CONVEX POLYSONS? CONCAVE POLYGONS CAN 3E ORTAINED USING A
COM3INATION OF COWVEX POLYGONS.

THE HIDDEN LINE RCUTINES CHECK FOR POINTS HIDDEN 2Y
ELLIPSOIDS OR PCLYSOMNS. THESEZ ROUTINES MUST CHECK
FOR ANY PCSSI3LE GC3J=CT THAT MAY 3E BLOCKING THE
CURRENT PGINT AS SESN FROM THE VIZWPIINT.

IN ORDER TO ELIMINATE CHECKING ALL O3JECTS FOR

ZACH POINT, SUSRIUTINES ARE INCLUDED IN THE

VIEW PROGRAM THAT DETECT O3JECT OVERLAP ONM THE
PRCJECTION PLANE. SEFORE THE PLOTTING PHASZ CF THE
VIzW PROGRAM, O3JECLTS WHICH OVZRLAP ZTACH OTHER ON
THE PROJECTION PLANE ARE RZCORODZOD IN THZ IE ARRAY,
DURINS THE PLOTTING PHASE OF THE VIEW PROGRAM, THE
IE ARRAY IS REORDEZRED TO DECREASE THZ SEARCH TIM:
FOR J8JECTS THAT MAY 8t SLOCKING THE CURRENT POINT
SEING PLOTTED. THZI ASSUNMPTION USED HEREZ IS - IF AN
CHJECT 3LOCKED THE PREVIOUS PCINT 3N A CONTCUR LINE
THEN THAT O3JECT PR0O2488LY 3LOCIKS THE NZXT PCINT

ON THE CONTQUR LINE.

LUPLOT=3
ONLINE=T
TERM=2
NF=0
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139

299

150

125
100

1300

10

OFLINE=3

30RS=4

READ(5,130) DEVFLG
WRITE(6,130) DEVFLG
FCRMAT(IN)

IF (DEVFLIWEQeT1.IRJIEVFLG.EGL3) CALL PLITS(0,3,LUPLOT)
IF (DEVFL3.ZG.2.0R0EVFLG.EJ.4) CALL PLOTS(O3,0,LUPLOT)

IFLAG = O

CALL TITLE

READ(5,23C) (1p(1),1=1,10)

WRITE(6,232) (ID(I),I=1,10)

FORMAT(10ASL)

READ(S5,153) STIME,DTIME,ETIHE
FORMAT(3D10.9)

CTIME=STINE=DTIME

ITIME=CTIYE*1000000.D00
CTIME=ITIME/1000300.D0

RZAD(5,125) 1IDE3UG

WRITE(6,125) IDZ8UG

FGRMAT(S01I1)

CONTINUE

IFLAS = IFLAG + 1

CTIME=CTIME+DTIME

ITIME=CTIMZI*1300330.00
CTI¥z=ITIME/1080000.D0

IFCCTIMZLOTLETIME) CALL PLOT(0.-,0.,99)
IF(CTIMELGTLETIME) STOP

CALL INPUT(CTIHME)

IF(IFLAG.E3.10) GO0 TO 100
IF(DEVFLGaEGLCFLINE.ORLDEVFLGL.EQ.SDRS) CALL NEWPEN{ICOLCR(91))
XTIME=ZTIME=1002.0

NF=NF+1

WRITE(6,1330)NF

FIRMAT(®' MAIN ~ PROCESSING .FRAME #',14)
CALL PLOT(D.,C.,-3)

CalL SY¥S2L(.5,10.0,.235,10,2.,35)

CALL SYNPOLCL5,7e0, 335, TINE(MSEC)",0.,1D)
CALL NUM2ER(3.35,9.0,.335,XTIME,C.r-1)

CALL MAT(2VPO,0(1,1,IVP),DV2,3,2,3,3,2,3)
CALL DOT(D(1,1,IVP),VPO,VP,3,1,3)

bo 19 Kk=1,3

VP(KI=V2(KI+SEGLP(K,IV?P)

CALL MAT(DVP,VP,VP2s2,3,1,3,3,3)

CALL CONVREC

CALL 2RyPLY

CALL PRJELR

CALL PCLYD

CALL SUILDIE

IFCIDESUC(T1)aEQ.1) WRITE(6,350) (NIE(I),I=1,20)
IFCIDE3UL(2).ES.T) WRITE(S,353) ((IEC(I,3),1=1,92),4=1,90)
FORMAT(I7I(20C(IX,12)/7))

DD 30 IX=1,NSES
IF(DEVFLG.ZQ.0FLINE.0R.DEVFLG.EQ.BDRS) CALL NEWPEN(ICOLOR(IK))
IELP=IK

INDEX=NSTEPS (IXK)+1

INDEX2=4*xINDEX-3

I1X1=1

IIN=3«INDEX~INDEX+IX1

ISES=IIN+INDZX

CALL SLIPSNCINDEX,WORK(IXT1),WIRKL{IIN))

CALL PSE(WIRKILIXTII»WORK(IIN)  MORK(ISZIILINDEXL,INDEX2,1T)
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CALL PSE(WCORK(IXT1),WCRKCIIN),WORK(ISEG),INDEX,INDEX2,2)

CONTINUE
CaLL PLPLN(WORXK,INDEXZ2)
IF(DEVFLG.E2.3DRS) CALL

IF(DSVFLGCEQ.OFLINELORLDEVFLGLEQLINLINE) CALL PLOT (12.,3.0,-3)
IF(OEVFLG.EQ.TERM) CALL PLOT(D.rD.,-3)

GO TS 105
EXND

NFRAME
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290
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(¥/]

10

20

30
3

SU3ROUTINE SUILDIE

ONCE THIS SUSBROUTINE IS5 CALLED ALL OBJECTS ARE REPRESENTED 8Y
POLYGONS PRDJECTED ON THE VIEWPOINT PROJECTION PLANE.

THIS SU3ROUTINE WILL SUILD THAE IZ AND NIE ARRAYS. .

NZZ(K) REPRZSEANTS THE NEMBER OF ENTRIES IN THE IZ(I,K) ARRAY FOR
ITJECT K. . . ) '
THE IS(I,X) ARRAY CIOINTAINS D3JECT NUMBERS FOP QRJECTI THAT IJVERLAP
IN THE PROJECTION PLANE.

FOR ZXAMPLZ, IZ(1,2) MIGHT CONTAIMN A 3 WHICH MEANS O3JECT 3
OVERLAPS WITH OD2IJECT 2.
COMMON/POLYSON/NPLANE,IFLAG/NPPP(IC),PO(3,4,4C),P(3,4,60),
*CINVES(2,4-,70) ,P0OSC2,70),513N(90)
COMMON/SLLIPSE/NSTERPS(SD),IELP,A(3,3,30),5SE3LP(3,720),VP(3),
*D(2,3,9),0YPL3,3),PA(3),NSEG

COMMON/INTERS/ NIE(RD),IE(93,9))

COMMON/REMOVE/NPREM,IREMOIV(30)

pe 5 I=1,90

NIE(I) =0

20 5 K=1,90

IEC(I,XK) =0

IF(NSEG .E2. 0) G2 T9O 6C

02 55 I=1,N3EG

IF(NIS(I) .NE. 0) G2 T2 12

NIE(I) =1
I2¢1,I) = 1
I3 =1 + 1%

IF(I.EQ9.N5EG) G0 TO 31

DS 30 K=ID2J,NSEG

CALL JOVERLAP({I,K,MFLAG)
IF(MFLAS .£2. 0) GO 7O 30

YES, THTRE IS OVEXLAP BZTwWEZEN I AND K

IF(NIZS(K) .NE. 0) G50 T2 29
NIEZE(K) =1

IZ(1,K) = K

NIZ(K) = NIE(X) + 1

NIZC(I) = NIE(I) + 1

IE(NIE(I) 1) = K
IZ(NIE(K)/K) = 1
CONTINUE
CONTINUE

IF(NPLANEL.EQ.D) 3
IO3J = NPLANE + 3
D3 33 ¥=311,IC3J
02 20C LT=1,NPREM
IF(K=30.E4.IREMCV(LT)) 30 T2 50
CONTINUE

CALL OVERLAP(I,X,%FLAG)
IFCAFLAS .2Q. D) 60 TS 50

0 TO 55
c

YES, THERc IS OVSRLAP ZETWEEIN I AND X

NIE(K) NIEC(KY + 1
NIZ(I) NIECI) + 1
ISINIE(D),I) = K
IE(NIE(K),X) = 1
CONTINUE

CONTINUE

NOWw CHECK PLANE AGAINST PLANST
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c 126

50 IF(NPLANE .LE. 1) RETURN 157
MPLANE=NPLANE+29 165
KPLANE=NPLANE+3D 197
93 1050 I=31,MPLANE 200
32 333 LT=1,NPREM 221
IF(I-25.EQ.IREMIVILT)) 53 TJ 105 252

3600 CONTINUE 223
1084 = 1 + 1 204

D2 409 K=103J,KPLANE 205

CALL OVERLAP(I,K,MFLAG) 236
IFCAFLAG .EG. O) GO TO 409 207

c ' 293
¢ YES, THERE IS OVERLAP SETWEEN I AND K 209
C 210
NIECK) = NIE(K) + 1 _ 211
NIECI) = NIECI) + 1 212
IE(NIZ(I),I) = K 213
IE(NIE(K),K) = I 214

400 CONTINUE 215$
103 CONTINUE 215
RETUARN 217

END 218
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SUBROUTINE CLIP(X,Y,XSAV,YSAV,XAIN,XMAX,YMIN,YMAX,IPEN,IPLOT)

C AR R AT RR AR R R AR AR AR AR A AR AR AR AR Ak kT kK
c . : . :
€ THIS SUSR0UTINZ CLIPS PLOTTING OFF B0TH ENDS OF THE CALCOMP DRU™
c .
C Y 2 Ry T S 2
C
LOGICAL XOFF,YOFF
DATA LCALL/O/
C
C DETERMINZ IFf X AND/O2R Y CLIPPING AND IF OFF TOP,IOTTOM,LEFT,
C OR RIGHT OF PLOTTER
C
XOFF=.FALSE.
YOFF=.FALSE.
IF (XeLTXMINLORLXeS3T.XMAX) XOFF=.TPUE.
IF (YoLT.YMINLOR.Y.GTL.YMAX) YOFF=.TRUE.
IF (X.LT.XMIN) XLIMIT=XMIN
IF (X GT.XMAX) XLIMIT=XMAX
IF (Y.LT.YMIN) YLIMIT=YMIN
IF (Y.GT.YMAX) YLIMIT=YMAX
C
C IF PREVIOUS CALL TO CLIP WAS A PEN UP TO 1ST POINT IN SESMENT.
C INTERPOLATE USIMG WEW AKND SAVZID C022D."S, MOVE PEN, RESEY SAVE
C  VALUES FOR X+Y POINTS, AND CONTINUE
C
IF (LCALL.EQ.0) G0 T2 10
IF (XCFF) YLTEMP=YINTCP(X,Y,XSAV,YSAV,XLIMIT)
IF (.NOT.XJFF) YLTEMP=YLIMIT
IF (YDFF) XLTEMP=XINTCP(X,Y,XSAV,YSAV,YLIYIT)
IF (MOT.YOFF) XLTEMP=XLIMIT
If (XLTEMP LT XMIN) XLTEMP=XWIN
IF (XLTEMP.GT.XNMAX) XLTEMP=XMAX
IF (YLTEMP.LT.YMIN) YLTEMP=YMIN
IF (YLTEMP.GT.YMAX) YLTEMP=YHAX
CALL PLOT(XLTENM®,YLTEMP,3)
XSAV=XLTENMP
YSEV=YLTZINP
LCALL=D
C
C IF 15T PCINT OF SEGMENT AND PEN UP, SAVE THESE COORD.'S, SET
C FLA3, AND EXIT
C
10 CONTINUE
IF (IPLOT.NE.1.0R.IPENJNELI) 50 TC 20
XLSAV=X
YLSAV=Y
LCALL=1
IPLCT=D
RETURN
[
C DI WE WANT TGS PLOT?
C
20 CONTINUE

IF (IPLOT.NEL1) GO0 T2 30
C
C DETERMINE X AND Y COORDINATES TO PLCT T9O
C

(XJFE) YTEMP=YINTLP(X,Y,XSAV,Y3AV,XLIMIT)
(NOTXCFF) YTEMP=YLIVIT
CYJ2FF) XTEMP=XINTCP(X,Y,XSAV,YSAV,YLIMIT)
(aNCTLYOFF) XTEMO=XLINIT

P
T om
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PLOT ONLY THE FIRST SEGMENT AFTER CLIPPIHNG DETERMINED, ISNORING
ALL SZS3YENTS AFTER UNLESS PEN TC 2E LIFTEDS

[aNaNaNe)

CALL PLOT(XTEMP,YTEMP,IPEN)
392 CINTINUE

I”L0T=0

REITURN

END
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SU2RCUTINE CONVREC _ 290

291

THIS SUBRCUTINZ CONVERTS FZCTANGLES IN THE ATS3 . 292
SIMULATION FORMAT TO PCLYGONS IN THE VIZW PLOTTING FORMAT. 293

. 294

COIMNMONZATI/PLIT17,3D) 295
DIMENSION R(2) 27%
DIMENSION Dx(3) 2397
COMMON/POLYGON/NPLARNE,TIFLAGANPPP(IDI,PI(3,4,60),P(3,4,60), 273
*CONVECL2,4,90) ,235(2,90) ,STISN(TD) 237
COMMON/CONECT/ NPA,MPL(3,5,60) 3¢
COMMON/D2UG/IDESUG(ED) L NISS,DZVFLG,ONLINZ, TERM, 23RS, CFLINE I,
COMNION/ZLLIPSEINSTEPS(90),1ZLP,AL(T,3,30),3EGLP(3,9D),VP(3), 302
*3(3,2,9C),DVP(3,3),RA(3),NSEC 305
INTEGER DEVFLG,ONLINE,TERM,3D9S,0FLINE 334
IF(NPLANE.EQ.O) RETURN ’ 335
IFC(IJDERBUG(4L4)NELD) WRITEZ(6,50) 305

50 FORMAT(TH1,*PLANE INFORMATION',/,1H ,17(1Hd*)) 307
D3 130 J=1,NPLANE 333
IF(J.GT.NP) GO TO 15 309
IF(IFLAG.NELT) GO TO 15 313
DDO=DET(PL{T1,J),PL(2,0),PL(3,4),PL(EB,3),PL(G,3),PLL12,J), 311

- PLC13,3),PLL14,4),PL(15,4)) 312
DX(1) = DET(PLCL,J),PL(2,0),PL(3,0),PL(11,0),PLC3,3),PL(10,J), 313

- PLL12,0),PL{14,0),PL(15,4)) 314
DX(2) = DET(PL(1,J),PLC4,3),PL(3,4),PL(B,J),PL(11,3),PL{10,J), 315

- PLCT13,4),PL(16,4),PL(15,J0)) ) 316
DX(3) = DIT(PLCT,I),PLLZ,I),PLC4,d),PL(B,0),PL(9,3),PLC11,0), 317

- PLA13,0),PL 14,00 ,PL(1640)) 318
D0 10 1I=1.3 319
TEMP=DX(I)/DOD 320
P3CI,1,J)=TENP 321
PO(I,2,4)=PLCI+7,J)*PL(12,J)+TENMD x22
POCI3,3)=PLUI+12,0)*%PL{17,4)+PC(1,2,)) 323

10 PI(I,4,3)=PL(I+12,4)*%PL(17,4)+TENP 34
15 CONTINUE 325
I33=M2L(1,1,3) 326
IF(ISG.EQR.DJ) ISG=NISG 327
IFCIDZ2UG(4) NE.D) ARITE(S5,202) 133 323
20C FORMAT(1IX,'I5353=',12) 329
D2 2C L=1,4% 333
CALL DOT(D(1,1,1I5G),P0C1,L,3),%,2,1,3) 331

00 20 I=1.,3 332
P(I L Jd)=R(II+SEGLP(I,ISG) 333

23 CONTINUE 334
IFLJLZ.NP) NPPP(J+30)=4 335
IFCQIDSAUG(L) JNELD) WRAITEZ(5,320D) 335
3000 FORMAT(IX,3IG(1H*)) 337
IFCIDEBUG(LY JNZ.D) WRITE(S,20008) O N 333
2530 FORMAT(3X,"PLANE NU¥RER = ',13) 323
Jd=J 340
NPPP2=NPPP (J+30) 3a1
IF(IDEZUS(4)eNZL0) WRITE(6,120D)C(P(I,X,JI)rI=T1,3),K=1,NCOPPP) 342
1300 FORMAT(3X,F?alr3XsF7e2,3XrF7.2) 343
100 CONTINUE 344
RETYURN 345
END 345
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SU3RDUTINZ CROSS(A,8.,C) 347

CIMPUTES VECTOR CROSS PROOUCT C=AX3 345
DQIMENSION A(3),3(3),C(3) 349
C{TI=A(2)*3(3)=-A(3)*2(2) 352
C(2)=a(3)x3(1)-AC1)*2(3) ' 351
TII=A(1)«2(2)=A(2)*2(1) 352
RITURN . 353
END 354
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FUNCTION DETCA11,A12,813,A421,A22,A23,A31,432,A23) 355

DET=AT1+«(A22%A33-A23%A32)-A12%(A21*A3Z-A23%A31) : 3556
T+A13%(A21*A32-A22%A31) 357
RETURAN 353
END ‘ 359
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SU3ROUTINZ DCT(A,B,C NrML)
PZAFORMS MATRIX NMULTIPLICATION C = A'3.
IF A AND 2 ARES VEITORS, € IS THEZ 20T
ARQJUMENTS:
AT WATOIX JF SIZE (L,N).
3: VATRIX OF SIT: (L,.M).

C: PRIJUCT MATRIX 3F SIZE (NoM)o
NehoL: SIZZIS OF WATRITES Ar5.C.
(NOTE: SU3ICUTINE AISUMES. THAT THE

CF A,3 AND T IN THI CJALLINS

DIMINSION AL, 1),3(L,1),C(N,1T)
D0 13 I=1,N
D2C 10 J=1,%
C(I,8) = D0

90 10 K=1,L

C(isd) =
RITURN
END

T(I d) + A(KAZI*3(K, D

134
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PRODUCT A.3

FIRST DIMENSION
PROSRAM IS L,L AND NJ)



(2N aNaNa)

SUSACUTINE 0OTT(A,2,ChN,¥/L)

PERFCRMS MATRIX MULTIPLICATION
" AND

~ O
"
R
@

-

WHERZ DIMENSIONS ARE A(N,L) », 3
M OACNS1) SN, 1Y N,

1,3
=1,M

1,
ACT/KY*=(J,KX+C(I,)

CI MmO
4

m:>x O MO YW oY

o~ A
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AN NA RSN N NeNe N

19

15
20

3U3RJOUTINE DRCYPR (D,A,I1,I2,1I3)

REV 03 07/038/74
SETS U? 3X3 DIRECTION COSINE MATRIX FOR GIVEN YAW,PITCH AND ROLL.

ARGUMENTS:
D2z IXZ DIRICTINN COSINS “aTRIX TO 32 COMPUTED.
A: ARAY OF LENTTA 3 CONTAINING WTTATATIOM ANGLES
I1: AXIS COF RCTATION FIR 15T ANGLE (1.2,3 = X,Y,2)
I2: AXIS OF RITATION FOR 2ND ANSLE (1,2,3 = X,Y,2)
I3: AXIS CF ROTATION FOR IRD ANGLE (1,2,2 = X,Y,2)
SIMZINSICN 2(3,33,A(03),T7(6,3)
RADIAN=,0174532925129433
Y = A(1)~2AJIAN
P = A(2)*RADIAN
R = A(3)%RADIAN
M = 9
N =3
09 10 I=1,3
20 S5 J=1.3
5(I,40=0

T{I,I)=1.

D{I,I)=1.

IF{Y.EG.D.)30 TIJ 20

CALL ROY(T,I1,Y,%)

De 15 1=1,3

DJ 15 J=1,3

D(IAJI=T(I,J)

IF(P.EG.D2.3)G60 TO 30

CALL ROAT(T(4,1),12,P,M)

CALL MAT(T A, 1), TC1, 10,001,120 5,3,3,%,0.N)
2 25 [=1,3

20 25 J=1,3

TCI,d)=D(ir,d)

IF(RLEG.CeD) 30 TO 40

CaLL RAIT(T(4,1),13,%,M)

CALL MATCT (o, D)o TC1, ) ,02€C1,1)23,2,37,%,M,0)
CONTINUE

REITURN

END
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s NaNesNaNpl

»*

*

50
100

101

SUSROUTINE ELIPSN(INDEX,X1,IN)

R A e T TTEEL)
THIS SUSROUTINE SINERATES 1/4 JFJTHE'CCNTOU?.LINES FOR AN ELLIPSOID

witt*R*tttkk***ttttkt‘tttk‘-*tt*ﬁ*t*ktﬁ_ttk*it**
DIFMENSICH X1{3,INDEX,INDEXY,INCINDEX) _
COMMOMN/ZLLIPSE/NSTEPS(90),120°,A03,3,32),SEGLP(3,90),VP(3),
*203,3,30),0V¥P (3,30, #8(3),N5E3 .
DILTAX=SURTC1/AC1,1,IELR))INSTEPS(IZLP)
DELTAY=3QRT(1/A(Z:ZIIELR))/NSTEPS(IELP)

SIFPT = A(1,1,1ZLP)
SI¥P2 = 4(2,2,12LP)
3INP3 = A(3,3,1zLP)

22 101 L=1,INDEX
K=(L=1)*DILTAX

TE®? = 1-XxX«SIMP1

TEST = TEMP = Y&Y*SIMP2
N=N+1

IF(TEST.LT.N.2) GO TO 100
Z = SQRTITEST/SIMPR)
X1{1,h,L)=X

X1(2r,%5,L)=Y

X1(3,Nr,LI=1

CONTINUE

62 TO 101

Y = SLRT(TEAR/SIVNP2)
X1{1,5N,L)=X

X1(2,N,L)=Y
X1(3,N,L)=3.0

IN(LY=N

RETURN

END
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s N s NaNaNaNaNe R NaNaNaka i)

SUSRIUTINE EXTEND(P,I,J) .

CIMMON/INTZRS/ NIZ(%3),12(90,90)

COMMON/ELLIPSE/NSTEPS(IN LIZL2,A(5,3,30),823LP(3,9D),VP(3),
*D(2,3,53),DVP(3,2),RA(3),NSES

DIMENSICN P(3,22,P3(3) .

CoMMCN/OLTT/SFAITR, INT,TIME,IC0LCR(G1),CFSETA,DFSETY,ZTINE

AERAKRNARAA AN R AR ARENACR N whhk kRN ARk bhhi

THIS 3U3ROUTIMEZ FINDS A MIDPJINT FOR A LINE THAT
3Z5INS ON P(1) AND ENDS O 2(2).

THIS NEW POINT IS CYzZCXED 3Y SUBROUTINE HYDE.

IF IT I3 HIDDSN THEN P(I)=22

IF IT I35 NOT HIDDEN THEN P(J)=P3

THIS ALGGRITHM IS ITEZRATED INT TIMES.

UPCN LEAVING EATEND~ 2(I) WwILL CONTAIN THE RISULT.

NOTZ: P ARRAY IS CHANGED BY TAIS SUSROUTINE.

L N e R 22 L 2R 2 ARt 222
20 3 IN=1,INT
pC 1 L=1,3
P3I(LI=(P(L,2)+P(L,1)2/72.0
NUM=NIEZ(IELP)
DC 2 IM=1,NUM
KK=IE(IvM,I5LP)
IF(KK.LEL3Q) CALL HYDE(LKK,P3,IFLAQ)
IF(KK.GT.30) CALL HIDE(XK,P3,IFLAG)
IFCIFLAG.EQ.1) GO 15 192
CONTINUE
N=I
IF(IFLAG.EQ.1) N=J
00 3 L=1,3
P(L,N)=P3(L)
RETURN
END

138

473
L74
475
476
477
473
473
420
481
482
483
434
435
436
487
488
489
499
491
492
433
494
495
496
497
498
499
500
591
502
503
534
505
526
507



SUSROUTINE GENDCM(CAMIRA,FOCUS,D) 503

[ A AR XK kAR AR RRAN KRR R R A AR X AR A AR AAR R A AR kAR Ak 529
C THIS SU3RJUTINE SENERATES A DIRECTION COSINT MATRIX. 510
< : ) ' - 511
DIMENSION CAMERA(I),FOCUS(3),2(2),2(3,3) 512

SuU” = J.2 ’ 513

IF (FCCUS{1) NZ.D.0.3.F0CUS(2)NELL.DLO9. 514

* CAMIPA(T) WNELD.D.ORLCAMERA(Z)JNELDL.D) GC T 50 515

DC 40 I=1,3 i 516

20 4G J=1.,3 517
D(I,J)=3.0 . 513

43 CONTINUE 519
0{1,2)=1. 523
°o(2,1)=1. 521
b{3,3)=-1. 322

6T TG 999 523

<0 CINTINUE 524
C . 525
DS 120 1=1.3 526

2(I) = FOCUS(I) - CAMERA(I) 527

120 Su~ = SUM + Z(I)*Z2(I) ’ 523
SUM = S4RT(SUM) 529

DS 200 I=1.,3 530

200 2(I) = Z(I)/5UM 531

C ‘ 532
XNORY = SGRT(Z(1I*Z (1) + Z(2)*2(2)) ' 533

o 534
C FILL IN FIRST ROW OF D 535
o 536
0(1,1) = Z(2)/XNORM 537

D{1,2) = =2(1)/XNORNM 538
2{1,3) = 0.0 ' 539

C 549
C FILL IN SEZCOND ROW JF O S41
< 542
D(gr,1) = ZC1IXZ(3)/XNORM 543
D(2,2) = Z(2)*Z(3)/%XN0ORM 544

2(2,2 = =XNORM 545

c 545
C FILL IN THIRD ROW CF D 547
C S48
DC 300 I=1,3 549

300 D(3,I) = 2(I) 55¢
239 CONTINUE 551
RETURN 552

£ND 553
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SU3R0UTINE HIDE(KK,P3,IFLAG) 554

CJ”VO\/pOuYJON/NPLANElYELRGINDPP(9Q)IP0(3I4I60)1P(714160)1 555
*CONVECC2,4,90) ,P35(2,92G3,S1I3N(99) : 556
COMYON/ELLIPSE/NSTEPS(90),12 LPIA(3I3I30)ISEoL?(3t°0)IVP(3)t 557
*D(SIJI!J)IDVP( s3),RA03) FNSES . 558
DIMENSIIN P7(2) ,PP(3) 559
DIMENSION 23(3),25(3) . ' . 56C
REAL PPRIMZI(3),NPRINE(3) ' 551
CALL TRAN3T1(?PZ,P4) 552
P72 =PL(1IIPH(S) 563
27(2)=P4(2)/P4(32) S64
CALL TPIINT(PT7,KY,IFLAG) 565
IFCIFLAG.EQ.2) REITURWH 555
5587

POINT IS INSIDE POLYGON CHZCK TO SEE 568

IF PCLYGON OR POINT IS CLOSEF TO VIEWPIINT. 5569
CALCULATE TAU. 5790

571

- D3 3 I=1,3 572
PPRINMEL(II=D(1,I,XK) 573%
IF (PPRIME(I).EQ.02.0) PPRIME(I)=.003301 574
CONTINUE 575
CALL MAT(OVP,PPRIMELNPRIMESZ,3,1,3,3,3) 576
26 10 J=1,3 577
PP{II=20U,1,KK=3D)-VP(J) 573
CALL MAT(DVP,PP,PPRIME,3,3,1,3,3,3) 579
CALL DOT(NPRIME,PPRIMELPS,1,1,3) 580
CALL DOTUNPRIME,PL,PS5,1,1,3) 581
IFLAG=2 552
IF(P5/P5.GE..99999959) RETURN 583
IFLAG=1 584
RETURN 535

END S36
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56
55

57

SU3BFJUTINE HYDE(N,R,IFLAG)

KA AAN kKA AR AR AN RRAAANAARAR R IRk A KRRk kK

SUSRCUTINE HYDE DETERMIMNES IF A POINT IS HIODEN BY
ANJTHER ELLIPSOIC.

hhrk kb hhkhkhhhr kb hbhbnbbrhkhkxkrarhbik
***ﬂ.Q*ﬂ*k******‘**********‘**.k****l****
N= P3S3I3LE HIDING ELLIPSOID NUM*ER.
R= VECTOR TO PLOTTING POINT.
IFLAG= FLAG THAT INDICATES HIDDEN LINE OR NOT.
IFLAG = 2 = NOT KIDDEN
IFLAG = 1 = YIDPDEN
t2 22 2RSSR X2a2ERRSRXR228 23222222 X ]
COMMON/ELLIPSE/NSTEPS(ID) ,IELP,AA(3,3,30),5SEGLP(3,90),VP(3),
*D(3,3,20),0VP(32,3),RA(3),NSEG
DIMENSION PT1(3),P2(3),R2(3),S5(3),Y(3)
DIMENSION MU(3) 4 (3,2),P(3)
DINMENSION DU(3,3),VP1(3)
DIMENSICN R(3)
REAL M » MU , MAG
ASSUME NOT HIDDEN.
IFLAG=2

LA R AR R RS SER SRRz S22 22 2222222222222 22222222 XY 2]

OUT SECLP(N) IN N'S FRAME,
PUT SEGLP(M) IN N'S FRAMZ.
PUT R2 IN N'S5 FRAME.

PJUT VIEW POINT IN N'3 FRAME.

hhhkhhkhhkhkhkhkAhrhkhkAkhkhArhkh A bbbk bbb hhbhkhbhhrhkhohbhhhrhhkbrrkhkhri
CALL MAT(OC(1,1,N),SEZGL2 (M1 /N),P1,3,3,1,3,3,3)
CALL MAT{D(1,1,N),SEGLP(1,IELPYPP2,3,3,1+3,3,3)
IFCIEL? «LE. 30) &2 TC 55

00 55 1=1,3

D3 36 J=1,3

DI(I,J) = D(I,J,N)

GO YO 57

CONTINUE

CALL DOTT(DC1,1,M,D(1,1,12LP),00,3,3,3)
CONTINUE

CALL "MAT(DO,R,R2,3,3,1,3,3,3)

CALL NAT(DW1,1,N),VP,VP1,3,3,1,3,3,3)

MAC = 2.9

KA AKARA KRN A A AA XA KA AP AN AR ARk Ak bbbk kbbbt hbkbbhkhhbhAdbbhhh

FIND VECTORS 3,Ve,ant My,
MU wWwILL 3GCOME A UNIT VELTOR IN VECTOR #M'S DIRECTION
JR IN M'S OPPOSITE DIPSCTION.

kkahkhhhkhkhxrhhbkhhaohkhrhhkbhbhrrhkhbhdwbbhkhbbrrhAdbhbhbhbbrhrbhrrrxhbbrrdbhhrhrddr

50 1 I=1,3

S(I) = P2(I) + R2(I) - P1CI)
v{aI) = vP1(1) = 21(I)

MUCI) = 3(I) = Vv(I)

FAG = MAAS + MU(I)*#2

MAG = 3GRT(MAS)
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537
539
589
599
591
592
593
€94
595
595
S5¢7
593
599
670
601
602
603
624
505
606
637
608
609
610
611
512
613
614
615
615
517
618
619
620
521
622
623
£24
525
526
627
628
529
530
631
532
533
624
635
636
637
633
639
4543
641
642
643
644
645
646
t47
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2N s NasNaNaNaNalal

AhRAXRKCRR AKX RRAAAARIRAARRRA A AR hR AR AR KA AR ARARNERA AR AR Ak hkAAXA LR

AAKE MU A UNIT VECTOR.

I R IR E s R RS2 22X 22222 2222222 222222222 2t 8

33

D0 2 I=1,3

MUCI) = MUCI) /7 MAS

= AA(1,1-0)

= AA(L,2,.%)

= AA(3,3,.W) .
T(ASS(MU(1))oGT..0G0003001) GO TS 10
F(A35(¥J(2)).57..000062301) G0 T2 20
ALL 2(MU,A/3,C,5/M,JFLAG)
F(JFLAG.E2.1) RETURN

L O) L D

22 S XS ER SRR SRS 222 a2 222 X2 2282222222 iR Asl s Rasdd ]

FIND P AND COMPARE M TO 2 YO DETSRMINEZ WHAT POINT
IS CLOSER T) THt VIEW POINT.

tA A A AR RSS2SRl X2 Rt sl Rl 2Rt 4

41
10
290
490

D3 3 I=1,3

PCI)= S(CI) = V(I) - M(I,1)

CALL DOT(P,M(1,1),RE3LT1,1,1,3)
CALL DOT(P,M(1,2),RESLT2,1,1,3)
IF(N.EQ.IZLP) GO TO 400
IF(RESLT1.G67.0.332000601) IFLAS=1
IF(RESLT2.5T.N.0002009901) IFLAG=1
RZTURN

CALL XYZ(MU,A,3,C,S,M,JFLAG)

GO TO 20

CALL YZ(MU,A,B,Cr3,%,JFLAG)

33 TO 30
IFCA3S(RESLT2).GT.A3S(RESLTTI) 30 TO 41
RZISLTZ=FESLT1

GG TO 41

REITURN

END
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650
651
552
553
554
655
556
657
658
659
659
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662
663
66%
665
665
667
668
669
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671
672
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674
675
676
§77
678
679
630
631
632
683
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635
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72

39

40

41

42
45
46

1C3

239

301

SUBRIUTINE INPUT(CTIME) ' ’
COMMON/PLTT/SFACTRAINT,TIMELICOLORCI?TI P OFSETX,OFSETY,ZTIME
COMMECN/INTERS/ NIEC(SYD),IE(I3,90)
CIMMON/SLLIPSE/NSTE®S(93),1ELP,2(3,3,30),323LP(3,920),VP(3).,
*0(3,2,72),0VP(3,2),RE(3),NSEG
COMMGN/POLYSON/NPLANZ,IFLAG,NPPR(IN),PI(3,4,8T),P(3,4,50),
*CONVEC(2,4,920),203(2,98),3165(93) '
COMMONAATEIPLI?,3D)

DIMENSION 30(24,40)

JIMENSIIN DD(3)

COMMON/DBUG/IDEBUS(S80) /NISG,DEVFLI,ONLINS, TZRM, B8ORS, OFLINE
COMMON/VIEZWP/VPI(3),BVPI(3,3),1VP,yP2(3)

CIOMAQN/CONECT/ NP, MFL(3,5,560)

COMMON /REMIVE/NPREN,IREMCV(3D)

DJUBLE PRETISION CTINZ,ITIME

INTEGER DEVFLS

IFCIFLAGWNE.T1) G2 TO 400

PEAD(S,70) NFAST,YPREM,NISG

WRITE(S,70) NFAST,NPPEM,NISG

RZAD(S,T2) (IRENIVI(II,I=1,NPREM)

WRITE(S6,72) CIREMOV(I),I=1,NPREM)

FORMAT(3(4012/))

READ(T1,END=300) NSEG,NP,PL,3D, (((MPL(I,J,K),I=1,3), 4=1,5).,K
*=1,33) :

READ{T1,END=7J0) TIME, ((SEGLP(I,J), I=1,3), 4=1,30),
* (CCDCI,d,Kd, I=153), J=1,3), K=1,30)
ITIYE=TIMEXT1Q00D90.+.5

2TIME=ITIME/1050222.00

FORMAT(31I2)

IF(ITIMELLTLCTIYE) GO TO 37
RZAD(5,40) NS?P

FORYMAT(I2)

IF(NSP.EQRLD) GO TO 46

22 45 L=1,N3°

K=MP+(

II=3J+NP+L

RZIAI(S,41) NPPP(II), MPLC1,1,K)
FORMAT(I1,I2)

NSIDES=NPPP(II

203 45 J=1,N3IDES

READ(S,42) (POCIAJ,K)P,I=1,3)
FORMAT(3F10.0)

CONTINUE

NPLANE=NP+N3P

53 103 J=1,NSES

29 100 1=1,3
ACIAL1,0)=1.0/30(1,J)%%2

D0 2030 J=1,\NSES

CALL 00T(D(1,1,42,3830(4,J),D0/,3,1,3)
99 207 1=1.,3
SEGLP(I,J)=SEGLP(I,J)+DD(]I)
IF(IDZ3UG(3).EQ.1) WRITE(6,6) N3EG,NCLANE
FIRMAT(TIH1,*NUMBER OF STCGMENTS =
NSZ38 = NSEG=NFAST

READ(S,321) (ICOLOR(IV,I=1,30)
FORMAT(3(5X,15))

II=NPLANE+3D

READ{5,201) (ICOLOR(IN,I=31,9D)
READ(E,331) ICOLIR(?T1)
IF(IDEBUG(3).EJ.1) WRITE(6,71) NSES
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OGO

71 FCRIMAT(1X,'THE NUMBER OF SEIMINTS TO 8% PLOTTED = ',1I2)
R3AD(5,1) (NSTEZP3(IPP),IPP=1,NSEG) ’
READ(5,1) (NST=ZPS(IPP+3C),IPP=1,NPLANE)

1 FORMAT(IOI2)
IFCIDERYG(I)LE24T) WRITE(S5,2) (NSTEPS(IPP),IPP=1,NSES)

2 FORYAT(1IX,'NUNMN3ER OF DIVISIINS ALONG A RADIUS',/2X,30I3)
IS(IDEBUG(I)LEQ.T) WRITE(6,55) (NSTEPS(IP+3(C),I2P=1,NPLANE)

55 FORMAT(IOX,'NUM3ER OF DIVISIONS ALCONS A SIDZ ',/2X,3013)
RZIAD(5,11) INT,SFACTR

11 FIRMAT(I3,7X,F1C.2)

WRITZ(6,11) INT,SFACTR

READ(S5,7G1) OFSETX,OFSETY

WRITE(5,931) QFSETX,CFSETY
) FORMAT(2F15.0)

IFCIDEBUG(3)aZ2.1) WRITE(S5,902) OFSETX,OFSETY
02 FORMAT(1IX,"OFSETX= ",F10.3,4X,"0FSETY= ',F10.3)
IFCIDEEUGS(3).EQ.1) WRITZ(6,12) JFACTR,INT
FIRMAT(1X,'SCALE fACTOR = ',F10.2,2X,* ITERATION NUMBER = ',I3)
READ(5,13) VP,RA,IVP,ICODE
13 FORMAT(6F10.0,2I19)

-
ny

ICO00E = O : ROLL, PITCH, AND YAWJd ANGLES ARE SUPPLIED IN RA ARRAY.

ICODE = 1 : DIRZCTION COSINE MATRIX SUPPLIED AS INPUT.RA ARRAY IS 1ST
RO0Wd OF MATRIX.THE NEXT CARD CONTAINS THE 2ND AND 3RD ROWS

ICODE = 2 ¢ POINT AT WHICH VIEWPOINT Z-AXIS IS TO AIM IS SUPPLIED
IN RA ARRAY.

IFCICODE .NE. 3) GO TO 500
IFCIDE3UG(3).EQR.T) WRITE(6,4) VP,RA
4 FORMAT(1X, VIEWPOINT VECTOR (',F10.1/',',F10.1,»',F10.1,")" 71X

1*ROTATION OF VIEWPOINT RELATIVE TO SSGMENT COORDINATE SYSTEM'/1X
2"THESE ROTATIONS MUST BE DSTESRMINED 3Y PEAFORMINS RCLL %OTION FIRS

3T'/AIX'THEN A PITCH MOTION AND THEN THE YAW MGTION'/10X
G'ROLL = "/F10.1,1X/,"03G."s5X,'"PITCH = ',F10.1,1X,'DE5, "%,
55X7'YAW = ',F10.1,1X,'D2G.")
CALL DPRCYPR(CVP,RA,1,2,3)
63 TO 550
590 IFCICODE LEQ. 2) CALL GENDCM(VP,RA,DVP)

IFCICODE .EG. 2) GC TO S50
DO 501 JJJ=1,3

501 dVP(1.,34J) = RACIIY)
READ(5,13) ((DVP(I,J),J=1,3),1=2,3)
WRITE(6,14)((DVP(I,3),031,3),1=21,3)

14 FORMAT(3(/*' *,3(1X,F10.2)))
IFCIDESLG(3)LETLT) wRITE(0,15) (V2(I),I=1,3)

1S FORMAT(' VIEW POINT VECTOR (" sF101,'»'7F10.1,' ', F10.1,%) 0% 1,
-t IEW POINT ORIENTATION DEFINED IN DIRECTION COSINE MATRIX FORM

_.l)
S50 CSNTINUE
50 80 J=1,3
VoG (JI=vyP(J)
09 8C I1=1,3
80 ovPOCJ,I)=DVP(J,I)
IFCIFLAG .NE. 1) RETURN
IFCIDE3UG(3I).EA.T) WRITE(S,60)
60 FORMAT(IX S hkhikhrhhhkhkhkxnhhhiknx?/, 1Y,
1*VIEWPOINT DIRSCTION COSINZ MATRIXK')
IFCIDEBUS(3)LEQLT) WRITE(6,53)C(DVPLILIIAI=1,3),1=1,3)
IF(IDERUG(3).EQ.T1) WRITE(6,54)
DO 20 IKZI=1,NSES
IFCIDEBUS(3).£Q.1) WRITE(S5,59) IKE:(SEGL?(IIIKE)'I=113)
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791
792
793
734
775
796
737
798
7399
g230
301
302
803
334
205
8Ch
807
SQ%
209
810
211
512
213



SO FORMAT (11X, "*anxkiwkbhhrhnhhtanxx' /IX'SEGMENT # *,I3,5X,'SEGLP = (° 214

“F10.3,20,'F13.3),4 /7 21Xs"A MATRIX*,T50,'DIRECTION COSINE MATRIX 215

- N 816

DO 490 111=1,3 817
IFCIDERUG(I).EQLT) WRITE(S,51) (ACIIIAJ IKE)XJI=1,3),(D(I1I,J0,IKE), 313
+3=1,3) 519
40T CONTINUE &219
51 FORMAT(3(2X,F345),T50,3C2X,F5.6)) 821
53 FOVAAT(3(2X,7Pe6)) 822
IFCIDEUSZ(I)atnal) WOITE(ELS4) 823

5S4 FORMAT(IXA 7/ IX " Axkmhrhknnhkonhhdbkorn") 824
20 CONTINUE 825
RITURN ’ 3206

6090 CONTINUE 327
IF(ZTIMELLTLCTIME) GO TO 4675 328
IF(ISW1.EQ.3) GJ TO 630 329

0D AS50 J=T1,NSES 830
CALL DOT(D(1,1,3),30(4,4),00,3,1,3) 331

20 650 I=1.,3 332

650 SESLP{I,J)=SEGLP(I,J)+DDLY) 833
I1s41=0 234
IFLAS=S 835
RETURN 836

675 READ(T1,END=T7D0) TIMz,((SEGLP(I,J),I=1,3),4=1,30), 337
* CCOCIL,KY, I=1,3), 3=21,3), K=1,30) 838
ITIME=TINMZ*1000000.+.5 239
ZTIME=ITIMZ/102000N.00 840

c 841
I341=1 . 842

GO TC 600 843

700 WRITE(6,720) B4
720 FORMAT(1X,'END OF DATA REACHED.") 845
ISW1=1 B46
sTOP 847

300 WRITE(E,820) 348
320 FIRYMAT(IX,'NO DATA ON TAPE.') 249
STOP 850

630 IFLAG=10 331
RETURN 952

END 353
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SUBRQUTINE LSEGINT(P1,P2,R1,R2,1IFLAG)

THIS SU2ROUTINE DETEZRMINES IF TWC LINE SEGMENTS, P1PZ AND R1RZ2,

INTERSECT.
ALL PARALLEL LINE SEGMENTS,WHETHER CTOINCIDENT OR NCT, ARE
CONSIDERED T 82 NON-INTERSECTING.
CASE 1 IS CONSIDERED TC St TAZ RESULAR CONFIGURATION.
THE SPECIAL CASZS AREZ AS FCGLLOWS:
2) ONZ LINT IS VIRTICAL
3) 30TH LINES ARE VERTICAL
4) 3CTH LINTS ARE HORIIONTAL
5) 20TH LINES HAVE THE SAME NON-ZERD SLOPE
6) ONZ LINE IS VERTICAL, THE.QTHER IS HCORIZONTAL

IFLAG = 1 INDICATES INTEZRSECTION; IFLAG = J INDICATES NO INTERSECTION.

DIMENSION P1(2),P2(2),R1(2),R2(2),P(4,2),T(2)
REAL M(2)
IFLAG=

SET UP ARRAYS
D2 1 I=1,2

P(1,I) = P1(I)
P(2,1I) = 22(I)
P(3,1) = R1(D)
1 PC4,I) = R2(D)

DETERMINE If CASE 3

IFCA2S(P(1,1)~P(2,1)) LTol1aE~T11.ANDLABS(P(2,1)-P(4,1)).LT.

+1.E-11) RETURN

DETERMINE IF CASE &

IFCA3S(P(1,2)-P(2,2)) oL Ta1.E-11.AND.A33(P(3,2)-P(4,2)).LT.

+1.8-11) RETURN

NZ I ASE 6

FC
1=1,2
I
(
) GO TC 10

DETERMINE IF CASE 2

PC1,I)=P(2,/1))elTe1a=T1.AND.ABS(P(3,0)-P(4,J))alTa

IFCASS(P(1,1)-P(2,1)).LT.1.5-11.0R.A8S5(P(3,1)-P(4,1)).LT.

+1.E-11) GC 79 6
Gd TO 5

6 90 T I=1.,4
TEYMP = P(I,1)
PCI,1) °(I,2)

3 P(I,D) TImpP

[

REGULAR PROCEDURE
5903 & 1=1,2
IT = 2«1
12 = 2«1 - 1
& M(I) = (P(I1,2) = 2(I12,2))07¢P(I1,1) = P(I2,-1))

CHEZCX FOR CASE 5
IFCABS(M(1)=M(2)) LT.T.E-11) RETURN :
X = (P(3,2) = P(1,2) + M(1)+P(1,12 = M(2D)*P(3,1))/(%(1)
D2 7 I=1,2
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354
355
256
857
35%
859
860
§¢€1
562
363
364
365
866
367
568
869
279
871
372
373
374
3875
376
877
878
3879
880
831
882
583
8384
855
886
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839
899
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892
693
894
8935
§96
E97
593
899
990
9C1
902
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904
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906
907
938
919
919
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912
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914
9215



7 TCL) = (X = P@2*I-1,1))/(P(2*%1,1) = P(2%xI-1,1))
20 IF(T(1).6T.0 AND. T(2).G5T.0 AND. T(1).LT.1 AND. T(2).LT.1)
- IFLAG=1
RETURN

CASE 6 PPOCEDURE

16 IFCA3S(P(1,1)-P(2,1)).LT.1.2-11) GC TC 11
J3=1
1=2
83 1O 12

11 1=1
J=2 -

12 (1) = (P(3,d) = °(1,d1)/7¢P(2,3) = P(1,J))
TC€2) = (PC1,1) = P(3,I))/(P(4,T) = P(3,1))
33 T2 29
END
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SUIRCUTINE MAT(A,3,C,LL,MM,NN,JALJIB,40)

PIRFORMS MATRIX MULTIPLICATION C = ASB.

TS:
ATIX JF SIZE (L,™).

TRIX GF SIIZ (M,N).

0DULT MATRIX OF SIZz (L/N).

: SIZES OF MATRICES Ars3.C.
#LC: 15T DIMENSION OF Ar3,C IN

Ir N e s s OO
Il

Freewiwn

NSION AWAA-1),BWI2,1),00JC,1)
C «=1,LL

0 N=1,NN
g

CCNTINUE
RITURN
END

148

CALLING

REV 03 05/31/73

PROGRAM.

932
933
934
925
935
937
933
9337
940
941
942
943
944
945
946
947
9438
949
950
951
952
953



C

C THIS RAQUTINZ

c

SUBROUTINE NFRAME

INTEGERAZ ENDFRA,MASK,STATUS
DATA ENDFRAPMASK/LFFFF,2FFFF/

PERFORMS THE END OF FPAME HANDLING FOR THE 3DRS

CALL DOLWH(3,1,ENDFRA,MASK,STATUS)

CALL PLITS(M,N,LY)
RITURN
END
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SUBPOUTINE OVERLAP(III,KKK,MNELAG) 64

IIMENSION P1(2),P2(2),R1(2),R2(2) . ) ‘ 965
DIMINIION PP2(2) ' 966
COMMON/POLYGON/NPLANZ,IFLAG,NPPP(9D0),P3(3,4,60),P(3,4,€63), : 967
*CONVEC(2,4,92),P03(2,90),SIGN(9D) . 968
959

OVE2LAP TAXES Q23JECTS I AND X AND TESTS FOR ANY QOVERLAP ON THE 970
203d2CTI0Y PLANE. 971
MFLAG WILL 3E RETURNED TO INDICATE IF OVZRLAP OR NCT. ’ g7
MFLAG=J MEIANS NO JVERLAP 973

MFLAG=1 MIANS OVERLAP S74

975

I =112 976

K = KKK 977

5 CONTINUE 9738
DS 10 J=1.,2 579

13 222(J4) = POS(JI,K) 939
931

G) AROUND THE RINSS 232
733

NPTS31 = NPPP(I) 984
NPTS2 = NPPP(K) 985

DO 200 J=1,NPT32 236
CALL TPCINT(PP2,I,MFLAS) 957
IF(MFLASLEQ.T) RETURN 993

DG 200 KN=1,2 929
200 PP2(N) = PP2(N) *+ CONVEC(N,J,K) 939
991

CHECKED ALL POINTS AND FOUND THEY WERE ALL OUTSIDE. 932

993

NEXT, CHECK FOR INTERSECTINSG LINEZ SEGMENTS. 994
95

20 60 1I=1.,2 996
21(II) = POS(II,I) 037

60 R1(ITI) = POS(II,K) 298
05 51 L=1,nNPTS1 999

DS 62 II=1,2 1000

§2 P2(II) = 21(II) + CONVEC(II,L,I) 10C1
D3 63 J=1,NPTSZ 1002

Dy 64 II=1,2 10303

64 R2(II) = R1(II) + CONVEC(II,J,K) 1004
CALL LSSGINT(P1,P2,RT,R2,4FLAG) 1005
IS(MFLAS .EQ. 1) RZTURN 1326
R1¢1) = R2(M 1007

63 R1(2) = R2(2) 10903
P1¢1) = P2(1) 1009

61 P1(2) = P2(2) 1210
IF(I «NS. III) RETURN 1011

I = KKX 1012

K = III 1013

32 70 & 1314
END 1015
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100

430

SUBRCUTINE PLPLN(SEG,INDEX2)

ke RhkhA kAR kA nhk bk Ak hkRA b kb AAR AN AA AR AR

THIS SU2RIUTINE PLOTS THE PLANES.

IZ RS EE A RESESIEE RS SRS SRS RS XA RR AR XS R DS
COMMON/ELLIPSE/NSTEPS(O0) L TIELP,AA(3,3,33),CEGLP(3,90),VP(23),
*303,3,92),0UP(3,3),R8(3),NSEG
COMYON/POLYGON/NPLANE,IFLAGANPPP(IC) »PO(3,4,50),2(3,4,50),
*CSNVEC(2,46,90),°33C2,90),315N090)
CO™MON/DBUG/IDESJS(ROISNISGS,OIVFLS,ONLINEL,TERNMN,SDAS,OFLINE
DIMINSINON SEG(3,3333)

INTEGER DIVFLG,ONLINE,TERM,ZDORS,OFLINE
CONMON/PLTT/SFACTRAINTATIME,ICOLO2(91),0FSETX,0SETY,ZTINE
COYMMCN /REMOVE/NPREM,IREMOIV(ID)

IF(NPLANE .E€8. Q) RETURN

SEG(1,1) = 0.0

§5G(2,1) = 0.0

SE53(3,1) 3.0

DC 500 tLL=1,NPLANE

DO 1003 I=1,NPREN

IF (LL.EQ.IREMOV(I)) GO TO 500
CIOINTINUE

L =LL + 30
IF(DEVFLG.E9.0FLINE.OR.DEVFLG.E2.3DRS) CALL NEWPEN(ICOLOR(L))
NUM = NPPP(L)ANSTEPS(L) + 1

A = T./N3TEPS(L)

NSIDES = NPPP(L)

00 400 K=1,NSIDES

KK = K + 1

IF(K <EQ. NSIDES) KK=1

IT = (K=1)*NSTEPS(L) + 2

12 = I1 + NSTEPS(L)Y - 1

DC 400 1=I1,1I2

D2 40G J=1.,3

SE50J,I) = SEGCI,I-T1) + AX(P(I,KKLLLI=P(J K LL))
IPEN = 3

IELP = L

CALL PHNTPLT(SES(1,1),IPEN,INSEX2,NUN)

CONTINUE

RETURN

END
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SUZROUTINE PNYPLT(SZG,IPEN,INDEX2,NPTS) 1958

< khknhkkhhkhhahkhkohhnhhhkhkrrhhwhhbhnkhhbbhAhkhabonki 1959
C 1052
< POINT PLOT SUSROUTINE. 1051
< 10562
C hhkhkhbbhhmkAhhr kb Ak bk hhhhrh kbbb hwahh kbbb dkdnk 1253
COM™ON/PLTT/SFACTR,AINT,TIMELICOLOR(IT) OFSETA,CFSETY,ZTIME 1064
CONMMON/ELLIPSE/NSTEPS(I9DILTIZLP,AL3,3,30),353LP(3,20),VP(3), 10355
*3(3,3,93),0VP(3,3),RA(3),NSEG 1066
COMMON/INTERS/ NIS(ID),I12(92,90) ] 1967
DQIMENSION P(2),PP(3,2),°PP(3) . 1063
DIMENSION S5EG(3,3332) 1047

DATA YMIN/ODCQ/,YMAK/ 11207 ,3PLST// 1072

CATA IFIRST/0/ 1671

DATA ITWO/2/,ITHREE/3/ 1072

IF (IFIRST.EQ.0) READ(5,1000)XMIN,XMAX 1273

1200 FORW™ATC(2F10.2) . 1074
IF (IFIRST.ES.O) WRITE(G,1001)XMIN,XMAX 1075

1001 FORMAT(® XMIN,XMAX=',2(1X,F10.30) 1075
IFIRST=1 1077
LFLAG=2 1073
IFLAG=2 1079
NZW2EN=D 1050

90 1090 IPNT=1,NPTS 1031
INUM=NIE(IELP) 1352
IFCINUMLES,.0) GC TO 61 1093

D0 6C X=1,INUM : 1084
KK=IE(K,IELP) 1025
IF(XKLLEL30) CALL HYDE(KX,SZ3(1,IPNT),IFLAG) 1086
IF(XK.6TL39) CALL HIDE(KXK,SEG(1,IPNT),IFLAG) 1087
IFCIFLAG.EQ.1) GC TO 61 1383

60 CONTINUE 13239

61 IF(K.GT.INUM .OR. K.Z2Q.1) GO TO 62 1092
ITEM?® = IE(1,IELP) 1091
IEC1,TIELP) = IE(K,IELP) 1092
IS(K,IEZLP) = ITENMP 1993

52 IFCIFLAG .NE. LFLAG) 59 TO 203 1294

70 IF(IFLAG.EG.T) G0 TJ 4073 10725
LFLAG=2 1096

CALL TRANSI1(S=G(1,IPNT),PPP) 1097
X==PPP(1)*SFACTR/PPP(3)+0FSZTX 1098
Y=PPP(2)*SFACTR/PPP(3)+IFSETY 1069

IF (XaGELXMINJAND . XJLELXMAX.AND. 1120

1 YaSGELYMINCAND .Y LELYIIAX) 50 70 71 1121

CALL CLIP(X,Y/XSAV,YSAV,XMIN/XAAX, YMIN,YMAX,IPEN,IPLOT) 1192

NEWPEN==2 ’ 1103

IPEN=] 1104

cC 10 75 ' 1125

71 CONTINUE 1106
IF (IPNT.NE.T) 1197

1 ) CALL PREPLT(X,Y,XSAV,YSAV,XMIN,/XMAK,YMIN,YMAX,IPEN,NEWPEN) 1103

CALL PLOT(X,Y,IPEN) 1109.

IPLOT=1 1119

NEWPEN=2 1111

IPEN=2 1112

75 CONTINUE 1113
XSAV=X 1114

YSAV=Y 1115

100 CONTINUZ 1116
RITURN 1117

200 IF(IPNT.EQ.1) GO TO 70 1118
20 250 1J=1,3 1119
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PP(IJ,1)=55G(IJ,IPNT-1) 1120

250 PP(IJ,2)=SEGC(IJ,IPNT) 1121
CALL EATEND(PP,IFLAG,LFLAG) 1122

50 266 IJ=1,3 - . 1123

250 PCIJ)I=PP(IJ,IFLAG) o : : 1124
CALL TRAN31(P,P>?) B} ' 1125
X==-200 (1) *#SFACTR/PPP(3)+CFSETX 1126
Y=FPP(2)«SFACTR/PPP(3)+QF3ETY 1127
IFC(LFLAG.E2.1) GO TO 353 1123

IF (XeGEoXMINJAND.XoLE.XMAXLAND. ' 1129

1 Y.GE.YMINJAND.Y.LE.Y®AX). 50 TO 261 _ 11390

CALL CLIP(X,/Y, XSAV,Y3AV,XMIN,XMAX,YMIN,YMAX,ITWO,IPLOT) 1131

NEWPEN=-3 1132

G0 TC 265 , 133

261  CONTINUE 1134
IF (IPNT.NEZ.1) 1135

1 CALL PREPLT(X,Y,XSAV,YSAV,XMIN,XMAX,YMIN,YHAX,IPEN,NEWPEN) 1136

CALL PLOT(X,Y,2) 1137

IPLOT=1 1138

NEWPEN=3 1139

255  CONTINUE 1142
IPEN=3 1141

XSAV=X 1142

YSAV=Y . 1143

LFLAG=1 1144

G0 TO 109 1145

350 CONTINUE 1146
If (X.GE.XMIN.AND.X.LE.XMAX.AND. 1147

1 YeSZ.YMINJAND.Y.LE.YMAX) 62 TO 351 1143

CALL CLIP(X/Y,XSAV,Y3AV,XMIN,XMAX,YMIN,YMAX, ITHREE, IPLOT) 1147

NEWPEN=-2 115¢C

IPEN=3 1151

Go TO 355 1152

351  CONTINUE 1153
IF CIPNT.NE.T) 1154

1 CALL PREPLT(X,Y,XSAV,YSAV,XMIN,XMAX,YNIN,Y4AX, IPEN,NEWPEN) 1155

CALL PLOT(X,Y,3) 11556

IPLOT=1 1157

NEWPIN=2 1158

IPEN=Z 1159

355  CONTINUE 1163
X5aAv=X 1151

YSAY=Y 1162

56 T2 70 1163

400 IPcEN=3 1164
LFLA5=1 1165

¢o? To 100 1146

END 1157
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20

30

40

59

100

500

SU20UTINE POLYD

POLYD GEMERATES JIRZCTION CISINE MATRICIES FOR THE PCLYGONS.

THE X AXIS CF THE POLYGON COORDINATE SYSTZ#M IS THES
NORMAL VELTCR TG THE POLYZON SURFAZIE.
Y VECTOR IS ALIGNED #ITH ONE CF THT POLYGON SIDES.

COMYGON/ELLIPSE/NSTEPS(SM ,IEL?,A(53,3,20),3EGLP(3,90),VP(3),
w3(32,3,90),0vP(3,3),RA(II,NSEG
COMMON/POLYSON/NPLANE/IFLAG,NPPP(IR),20(3,4,60),P(3,4,60),
*CINVEL(2,4,903),P235(2,90),31GN(9D)
DIMENSICN INDEX(6),D1(210)
EQUIVALENCE (9,D1)

DATA INDEX/3,5,7+,1¢2,5/

DT 130 L=1,NPLANE

JE9*Lr262

00 20 1=1,3
DICI+I+2)=P(I,2,L)-P(I,1,L)
D1¢I+I+5)=P(I,3,L)~-P(1,1,L)

CALL CROSS(O1(I+3),D1(J+6),D1(J))
SUMD1=0.0

SUMD2=0.0

PO 30 1=1,3
SUMDI=SUMDI+DT(J+I-1)x%2
SUND2=SUMD24DT1(J+I+2)*%2
SUMDT=SERT(SUMDT)
SUMDZ=SIRT(SUMD2)

00 42 1=1,3
DICI+I=-T1)=D1(JI+I~-1)/5UMD1
DICI+I+2)=01(JI+I+2)/5UMD2

CALL CRSSS(DT1{II»DICI+3),D1(I+8))
50 50 1=1,3

TE4P=DT(INDEX(I)+J)
DICINDEX(II+J)=DTI(INDEX(I+3)+))
DICINDEX(I+3)+J)=TEMO

CONTINUSZ

DO 6093 J=1,NPLANE

NUM = g+ 30

D0 500 K=1,3

SEGLP(K,NUM) = P(K,1,d)

RETURN

END
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SUBROUTINE PREPLT(X,Y,XSAV,YSAV,XMIN,X4AX, YMIN,YMAX, IPEN,NEWPEN)
R R R iy R R R T Ty 2
THIS SU3RCUTINE PERFORMS NECES3ARY PEN MOVES FOR 1ST PLOT
AFTZR CTLIPAING ‘ Y

kkAhkbhbhhbhhhhhhkhrhrhkhhhhkhhhkbrhhkhxb bbb hhabbbrhkhbrkrbehhhn

LOGICAL XOFF,YQFF
IF (NEWPENLNE.-Z) RETURN

QUTSIDE X AND/OR Y 3JUNDARIES???

m

XCFF=4FALSE.
YOFF=.FALSE.
IF (XalTaXMINLOR.XSAV.LT.XMINLOR.

1 Ke 3T XMAX.OP.XSAVLGTXMAX) XCFF=.TRUE.
If (YoLT.YM“INSJOR.YSAV.LT.YMINLOR.
1 YaGTaYMAXLORLYSAVLGTLYMAX) YOFF=aTRUE.

DETERVMINE IF OFF TOP,3OTTCY,RIGHT,OR LEFT SIDE OF PLOTTER

IF (XaLTaXMINLJORGXSAVLLT.XMIN) XLIMIT=XMIN
IF (XaGT.XMAX.OR.X5AV.GT.XMAX) XLINMIT=XMAX
IF (YoLT.YMINLOR.YSAV.LTLYMIN) YLIMIT=YMIN
IF (YaGTaYMAXaORL.YSAVLGT.YMAX) YLIMIT=YMAX

GET X AND Y POINTS DEPENDING ON WHAT 30UNDARIES CVER

IF (XCFF) YTEMP=YINTCP(X,Y,XSAV,YSAV,XLINIT)
IF C(.NOTJXOFF) YTEMP=YLIMIT
IF (YCFF) XTEMP=XINTCP(X,Y,XSAV,YSAV,YLIMIT)
IF (.NOTL.YOFF) XTEMP=XLIMIT

MOVE PEN UP TO THAT 5POT
CALL PLCT(XTEMP,YTZMP,3)
IPEN=2

RETURN
END
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SU3ROUTINE PRJELR

****'**tk***tt*t*t*t*t’***tttti*k*t*i*ttk*.**t*

*

10

15

THIS SU3ROUTINE PROJECTS ELLIPS0IDS ONTO THE PROJECTION PLANE.

ARk kA kR ARk R Rk ke ke kb khh kAR ke kb hw ko hk
COMMON/SLLIPIZ/NSTEPS(9D),1:LP,A(3,3,32),SEGLP(3,90),VP(3),
«D(3,3,20),9VP(2,3),RA(3),NSEC
COMMON/POLYSIN/NPLANELIFLAG,NPPP(9C),PD(2,4,680),P(3,4,50),
*CONVIC(2,4,29),203(2,90),S1GN(ID)
DIMENSION DD(3,3),09D(3,3),55(3),5(%)
DIMENSION R(3,3),R2(2,3)
REAL LAMDAT,LAMDAZ, M1, M2
IF(NSES .23. QJ) PRETURN
20 100 I=1,NSES
CALL ©OTT(D2(1,1,1),DVP,DD,3,32,3)
CALL MAT(AC(1,1,1),D2,002,3,3,3,3,3,3)
CALL DCT(DC1,1,1),0D0+D2,3,3,3)
CALL MAT(DVP,DD,DDC,3,3,3,3,3,3)
D0 13 «=1,.3
SS(K) = SEGLP(K,I) - vP(K)
CALL MAT(DVP,SS,S$5-3,3,1,3,3,%)
00 3C 11=1,3
IF (S5{II).£2.0.9) S(1I1)=1.0
CONTINUE

CALL SOLVR(DDD(1,1),220(2,1),D2DD(3,1),DDD(1,33,2D0D(2,3),0DDD(3,3),
*DDOC1,1),00001,3),5,RC1,1),RC(3,1))

CALL SOLVR(ODD(1,2),0D0D(2,2),0D0(3,2),000¢1,2),DD0D42,32,D0DD(3,3),
*DDD(2,2),0D0(2,32),3,R(2,2),R(3,2))

CALL SOLVRIDDD(1,1)+2DD(1,2),02D(2,1)+0DD(2,2),D2D¢(3,1)+00D(3,2),
*DDD(1,3),900(2,3),D00(C3,3),000(1,1)+2.,0*DDD(1,2)40DD(2,2),
*DDD{1,3)+40DD(2,3),5,R(1,3),3(3,3))

R(2,1)=0.0

R(1,2)=0.0

R(2,3)=2(1,3)

D3 15 iK=1.3

DO 15 IJ=1,2

R2CIJ,IKI=(SCIJI+RIIILIKII/Z(SCII+RLI,,IKII=-S(III/S(3)

CALL SOLVA(R2,A11,A22,R12)

TEYP=(AT11+A22) *#%2=4 , 0x(AT11%A22-A12%=2)

IF(TEMP.LT0.0) TEMP=0.0

TEMP=SIRT(TEMP)

LAMDAT=(A11+A22+TcMP) /2.0

LAMDA2=CAT1T1+A22-TENP) /2.0

RX1=A12

RYT=LAMDAT-AT1

RX2=LAMNDA2-A22

RY2=A412

LAMDAT=ABS(LAMDAT)

LAMDAZ=AS5(LAMDAR)

M1=SQRT(1.0/ (LAMDAT*(RXI»#2+RY1*%2)))

M2=S3IRT(T107/7(LAMDAZX(RX2#%x2+RY2%x%2)))

RXT=RX1+M1

IAL=RX2+M2

RY1=RY1+M1

RYZ=RY2+«%2

CONVEL(1,1,1)==-2.0%3X1

CONVEC(2,1,I)==-2.0+*7Y1

CONVEC(1,2,1)=-2.0%RX2

CONVEC(Z,2,1)==2.0%RY2

D0 20 IJ=1.,2
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CONVEC(IJ,3,1I) = =CONVEC(IJ,1,1) 1311

CONVEC(1Js4,1) = ~CONVEC(IJ,2,-1) 1312
20 POS(IJ I) = CONVEC(IJ,3,I)/72.0 + CONVEC(IJ,4,10/2.0+S(1J)/S5(3) 1313
NPPP (1) =4 . 1314
SIGNCI)=CONVEC(1,1,I)%CONVEC(2,2,1)" 1315
1CONVEC(2,1,I)%CINVEC(1,2,1) . . 1316
190 CONTINUZ 1317
RZTURN 1218
ZND 1319
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190

15
16
20

25
3G

35

40

SUBROUTINE PRJPLY

RANXKRANARR A AR AARIRAR AR ARk A A kb hk Rk hh

THIS SUSROUTINE WILL SETUP THE CONVEC ARRAY.
IT ALSD SeTS UP THE PGS AND SIGN ARRAYS.

ARRAY P IS THE ORIGINAL ?OSITICN VECTORS FOR THE POLYGONS

IN THE INERTIAL RIFERENCE SYSTEM.
ARRAY CONVEC WILL CONTAIN THE CINTOUR VECTORS
FOR PRCGJECTED POLYGONS.
ARRAY P3OS WILL CONTAIN POSITION VECLTORS FRCONM THE
PROJEZCTION PLANE JRIGIN TO POLYSON POINT # 1.
ARRAY SIGN WILL CCONTAIN THE S5IGN THAT RESULTS FROM
THE CRISS PRODUCT (P2-P1)X(P2-P2).

AhhkhkhhkhkhhkhbhkhkAhkhhhhhkhkhhhrbhhhhhbhbhhhhbbhbhhkit

COMMON/POLYSON/NPLANE,IFLAG/NPPP(9D).,P0(3,4,60),°(3,64,60),
*COMVEC(2,4,70),PC5(2,90),SIGNCI0)
COMMON/ELLIPSE/NSTEPS(I0),IELP,A(I,3,3D0),ScGLP(3,90),VP(3),
*D(3,3,7C),DVP(3,3),RA(3),NSEG

DIMENSION PPP2(3),PP2(3),PP1(3)
IF(NPLANE.EQ.O) RZTURN

DC 40 I=1,NPLANE

II=I+30

NPTS=NPPP(II)

DO 35 K=1,NPTS

00 10 J4=1,3

PPP2(JI=P(J,K,1)-VP(J)

CONTINUE

CALL ¥AT(DVP,PPP2,PP2,3,2+1+3+,3,3)
IF(X.NE.1) GO T2 16

03 15 J=1,2

PCS(J,I11)=PP2(J)/PP2(3)

CONTINUE

GO0 TO 25

D0 23 J=1,2 .
CONVEC(J,K=1,I1)=PP2LJ)/PP2(3)=-2P1(J)/PP1(3)
po 30 J4=1,3

PP1(JY=PP2(CJ)

IF(K.EQL3) SIGNCITI)=CCONVIC(1,1,II)*CONVEC(2,2,1I1)~
TCONVCC(Z,T1,II)*CONVEC(1,2,11)

CONTINUE

00 40 J=1,2

CONVEZ LI NPTS,II)=POS(J,11)-PP2CJ2/PP2(3)
CONTINUE

RETURN

SND
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1345
1347
1343
1343
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367



[(FE R YRR

50

60

70
71

100

SUSROQUTINE PSE(X1,IN/SEG,INDEX,INDEX2,IHALF)
DIMINSIIN X1(3,INDEX,INDEX),INCINDEX),»SEG(3,3333)

HIS SU3RDUTINE PLOTS A SEMIZLLIPSOID.

Z HALF OF THZ SLLIPSJID PLOTTED DZPENDS UPON IHALF.
IF IMALF = 1 ¥ .38, G I
IF IHALF = 2 X LY. O I

D3 120 I=IHALF,INDEX

LINE=SINCEX-I#1

IF(IdALF.E2.2) LINE=I

NPTS=IN(LINT)

3 50 K=1,NPT3

20 SO J=1,2

SEGWIAKI=XT1CI KALINED

IFCIHALFLS242aANDLJ.EQ41) SEG(IL,KI==SEG(J,K)

CONTINUE

N=NPTS

IF(LINELECL.INDEX) GO TC 71

NPT=NPTS-1

00 60 K=1,NPT

KX=NPT—=K+1

N=N+1
EG(1,N)=SEG(1,KK)

SEG(2,N)=3EG(2,XK)

SEG(3,N)==-5EG(3,KK)

NPT=N=-1
3 7 XK=1,NPT

KX=NPT=K+1

N=N+1

SES(1,NI=SES(T1,XK)

SEG(2,N)==5S26(2,XK)

SEG(3,NI=SEG(3,KK)

IPEN=TD

CALL PNTPLT(SEG,IPEN,INDEXZ,N)

CONTINUE

RETURN

END

35 PLOTTED.
3 PLOTTED.
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26

30

SUSRCUTINE ROTC(CA,L,TH,M)
’ REV 01 (G8/10/72
COMPUTZS ROTATION MAT2IX A FOR ANGLE TH

ABUUT X-,Y OR Z AXIS AS L = 1,2, OR 3.

ARGUMINTS:
A: 3X3 RCTATION MMATRIX TC 3% CAYPUTED.
L: 1,2 28 3 TO ROTATE Aa30UT X,Y OR I AXIS.
TH: ANGLE OF rROTATION IN RADIANS.
¥: 1ST DIMENSION OF A& IN CALLING PROGRAM,

DIMINSICN A(™,3)

C= CCS(TH)
S= SIN(TH)
IF (L.EQ.2) § = =5

bJ3 39 1=1,3
IF(I.EQ.3)3C TO 20
DO 1C J=1,2
ACI,J*1)=0.0
ACJ+1,1)=0.0
IF(I+J+L.NELS5)G0 TO 10
ACI,d+1)=35
A(J+1,1)=-5§

CONTINUE

A(I,ID=C
IF(I.EQ.LIA(I,I)=1.0
CONTINUE

RETURN

END
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SUSRCUTINE SCLVA(R,AA
DIMENSION R(2,3)
A11=2(1,1)%x2
AT2=2.043(2,1)%x3(1,1)
A13=R(2,1)%x+*2
A21=2(1,2)x%2
A22=2.0«R(2,2)*R(1,2)
A23=2(2,2)%%2
AS1=R(1,3)%*2
A32=2.0%R(2,3)«R(1,3)
AZ5=R(2,3)*+2
DEL=ATT»(a22%A33~A23+4
TAT3x(A21%A32-A22#A31)
AA11=CCA22-A12) *« (A33~
AAT12=(CA23-A13) %« (A3~
AA22=((A21-A11)*(A32~
RETURN
END

11,AA22,A412)

A32)-A1Z%x(A21%A33-A23%A31)+
A23)-C(A23-A13)*(A32-A22) ) /DEL

A21)=(A21-A11)*(A33-A23))/DEL
A22)-(A22-A12)*(A31-A21))/DEL
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SU3RCUTINE SOLVR(A1,A2,A3,A4,A5,A56,A7,A3,P/,RX,RZ)

AhkhhhkhhAhkRhhkhkhhkhhhhkhhhkhohkhhrhkbhkdkhbhhdnh

THI3 SUBRCUTINZ WILL SOLVE A SET OF SIMULTANEIUS EQUATIONS
TS FIND COMPOMETS OF VECTOR 3 THAT SATISFY THE PROPERTIES NEEDED
TO DETURMINE THE EQUATICN OF THZ PRIJETTED ZLLIPSE.

SEE WRITEZUP.

O L R R I e e S R 2 R
DIMENSION P(3)
B=A14P(1)+A2%P (2)+A3%P(3)
D=ALxP(1)Y+ASKP(2)+AS*P(3)
T1=A?%x(2/3)**2+A6-2.5xA8%D/B
TE2=2.0%A7*D/(A)*%x2-2.0%AR/B
TI=A7*x(1/78)*x2=1
CORI=(=T2H+3URT(T2¢*2=4,0*T1xT3))/(2.9*T1)
RX==D*RZ/3~1.0/3
RETURN
END
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290
59

100

390

SU3PZUTINE TITLE
DIMZINSION ID(19,23),1CCLCR(2T)

COMMON/U3US/IDE3LG(3D)/ NISG,DEVFLG,ONLINE,TERM,3DRS,IOFLINE
INTESZ2 ONLINE,DEVFLG,TIRM,SDRS,JFLINE

NLINE=2C
12£=.335
1375

S
X
Y 3

nur

[
d

-
Qe

[l

NITIALIZZ PLOTTING PACKAGE

[ X]

CALL PLOT(D.0,03.5,-3)
READ(5,1) NFRMEZ
FORMAT(I2
IF(NFRMEZLEN.D) RITURN

‘DO 300 K=1,NFRAE

D0 50 I=1,NLINE

READ(5,227) (ID(J,I),0=1,8),200L0R(I)
WRITE(6,200) (IDCI,15,4=1,8),ICCLOR(I)

FORMAT{7AL,A2,12)
CONTINUE

D0 13C I=1,NLINE
Y=Y-.5

IF(DEVFLG.EQ.0FLINEL.ORLDEVFLGLER.BDRS) CALL NEWPEN(CICOLOP(I))
CALL SYM3OL(X,Y,SIZ2,120(1,1),0.,30)

CONTINUE

IF(DEVFLG.ET.ONLINE) CALL PLOT(12.,D0.,-3)
IF(DEVFLS.EG.TER®) CALL PLCST(0.3,9.9,-3)

IF(DZVFLG.EQ.3DRS) CALL NFRAMNE

IF(DEVFLG.EG.CFLINE) CALL PLOT (14.,0.,-3)

CONTINUE
RETURN
END
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20

30

100

150

INDICATE

NT ON THE PROJECTION PLANE
YS3IN ON THE PRJIJECTION PLANE

IF THE

SUIPCUTINE TPQINT(PP2,I,IN)
DIMINSICN PPZ(3),R(3),221(3)
M “QN/DQLYGON/\PLAh_IIrLAurN°°?(9q)1PO( 14'60),P(3rA,63),
*CONVEC(E,4,50),205(2,93),5IGN(PD)
THIS SURRGUTING T3573 & PJI
DIFINID 2Y PP2 ATZAINST A PCL
DEFINED 3Y I. A FLAG *IN' T3 RETURNED TO
POINT wWAS INSIDE OR QUTSIDE THE PCLYGIN.
IN = 1 POINT WAS INSIDE POLYGON
IN = 2 PJINT WAS QUTSIDE PILYSON
IN=1

NPTST1=NPPP(I)

00 20 JJ=1,2

PP1(JJII=P25(JJ,1)

DO 100 L=1,NPTS1

D2 30 W=1,2

RINI=PP2(N)=PPT(N)
SIGN2=CONVEC(1,L,IX*R(2I=CONVEC(2,L,I3*R(1)
IF(SIGNZ*SISN(I) .LT. C.) GO TO 150
IF(ABS(SIGN2*SIGN(I)).LT.1.E~11) GO TC 150
33 100 ~=1.2 :
PPTIN)Y=P2TI(N)+TONVECINALL, T

RZTURN

IN=2

RETURN

END
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SUSAVUTINE TRAN3T(R,P)

C COMMON/ELLIPSE/NSTIPS(O93),1EL2,A(3,23,30),8E6GLP(3,90),VO(3),

19
11

*D(3,3,30),0VP(3,3),RA(3),NSEG -
COMUON/VIEWPIVPI(I) ,0VPI(3,3),1IVP,VP2(3)
DIMENSICSN 00(3,3),P(3),3(3),R2(3),SECLE2(S)
IF(IZL® .GT. 39) QG TC 19
CaLl SOTTADVP,C(1,1,1IELP),00,3,3,3)
CCONTINUE
CALL MAT(DD,R/F2,3,2,1,3,3,3)

CALL MAT(DYP,SE3LP(1,IZLP),S55G6LP2+,3,2,1,3,3,3)
D2 1 1=1,2

P(I)=SESLP2(I) +R2(I)=-VPS(I)

RETURN

560 11 1=1,3

93 11 J=1,3

00(I d) = DVP(I,J)

GO0 T0 20

END
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REAL FUMCTION XINTCP(X,Y,XSAV,YSAV,YTEMP)

L R T R R AT a R RN R
THIS FUNCTION CALCULATES THE X INTERCZPT AT YTEMP

AR AR TR AR kMR A h kR E T AR RR AR AR N AR ARPE AR AR Ok
X1=X=-XSAV
Y1=Y-Y54V
IF (Y1auELD.0) PFACTR=X1/Y1
IF (Y1.23.3.0) PFACTR=].D
Y2=YTEMP-Y3AY
XINTCP=Y2xPFACTP+XSAV
RETURN
ZND
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SU2RSUTINE XYZ(MU,A,B,0,S,M,JFLAG)
DIMINSION MJ(3),3(3),4(3,2)
RZAL WM,vu R

kbahhhnwhbkhbhhrhhhkhaohbhbbhbrhbhrarhkbrhrbhhbnrbhbhrrbhbhohbbbohkhhhbhn

ALPHA AND ZZTA RILATE THI Y AMD I CONPONEN
THE X COMPONZIWT 0F %,
R I S T T T

-4

S 0F MNTO

ALPHA = MYL2) /7 ™U(1)
3ETA = ®U(3) /7 MU

hAhkhhkhkhkbhhkahhhhbhhrbhbhbhhrbhbhhraohhhA kb Ao hbk bbb hkhbbhbkhkhhnhbh

SOLVEZ THE

EQUATION FOR ELLIPSE °*N' TO FIND A °0INT ON
THE ELLIPSE T

HAT W~ILL DETZIMINE A VECTOR M.

(22 222282 SRRl s R8s a2 X222 22222222 s X xS

T1=A+P*ALPHAXALPHA+C*BETA*2ETA
T2=2%A%xS(1)+2*3«ALPHAXS(2)+24C*3ETA*S(3)
TI=A*S (1) *#*2+3«35(2)*%24C*xS(3)**x2-1

TEMP= T2 « T2 = 4 » T1 » T3

LR AL SRR RS R SRR s s as d Rz 2R )

NC SOLUTION MEANS ELLIPSOID "N*' NOT TOUCHED 3Y LINTS OF
SIGHT RAY.

KK AR KRR R AR A A AR R R AR R AR AR A RAR R AR R AR AR ARSI Ak R AR Ak kb kK

IF(TEYP.LT40.9) 30 TO 2
TEMP=SQRT(TZMP)

whhkkkhhkhkhwhkhhkhrhdhhkhkrhkhAxkrhhkkhrdo kb vk hrrhrhkorrb kbbbt hkk

FIND TWO POSSISLE M VECTJIRS 3ECAUSE A RAY ENTERING A
SCLID YUST ALSYD LEAVE.

LA S AR ARE SRS RSS2l 2R 2R s Rl R 2

MCT,1)=(T2+TEMPI/(2%T1)
WLZ2,1)=ALPHAXA(T1, 1)
H(3,1)=3ETA*M(1,1)
M(1,2)=(T2=-T242)/7(2%T1)
M(2,2)=4LPHAXY(1,2)
M(3,2)=2ZTA%41(1,2)
JFLAS=)

RTITYRN

JFLAS=1T

RETURN

END

n
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REAL FUNCTION YINTCPC(X,Y,X3AV,YSAV,XTEMP)

KhkbkhhARNAhrAREhhkhahr ek hh bR RAbR kA kA kbbb dih

THIS FUNCTION CALCULATES THE Y INTERCEPT AT XTEMP

R Ak kA Rk ANk k kN Ak AN R Ak ek r ke Ak h ke kA k& D
A1=X-X3AV
Y1=Y-YSAY
IF (X1.82.0.0) PFACTO=Y1/X1
IF (£1.80.5.5) PFACTR=0.0
X2=XTE¥2-ySAV
YINTCP=X2*PFACTR+YSAV
RETURN
END
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YOIOHYEYOHNO

(YOI OYY O

€CILOIOIYOY OV

SUB2OUTINE YZI(YU,Ar,3,C,S,%,JFLAG)
DIMENSION MU(3),S5(3),M(3,2)
REAL MU M :

I F 2 2 RS2 23RFRS NS 22222222232 2SR S X2

ALPHA PELATES THE Z COMPONET TO THE Y COMPONET

B L Ny e L SR )
ALPHA=NU(3Y/MU(D)
A R R T e sy PP PR ]

SOLVE THE ESUATION FIR ELLIPSE 'N' JHEN X=
FIND A POINT ON THe ELLIPSE THAT WILL DETERMINE A VECTOR M.

kAR AR R KT I kAR AR AR R AR Rk hkh kAt kAR
T1=3+C*ALPHA*ALPHA
T2=2%3%xS(2)+2xT«ALPHAXS (D)
TO3=A*S(T)* #2483 xS (2) % %2+ xS (3) xx2=1
TENP=T24T2=4#T1*T3

WA A A AR RAA T A AR AR RARA A AR AR RN AR A AN AR N A k&

NO SCLUTION MEANS ZLLI®SOID 'M' NOT TOUCHED 3Y LINE

GF SIGHT RAY.

I R R L T ey e S
IF(TEMP.LT.D.0) GO TO 2
TEMP=SQAT(TEMP)

2 S R O e

FIND TWd POSSI3LE M VECTORS BECAUSEZ A RAY
A SCLID MJST ALSD LEAVE.

P R R R R R g e 2.2 2.3
M(2,1)=(T2+TENP)/(2*T1)
MC1,132=3.0
M(3,1)=ALPHARY(2,1)
M(2,2)=(T2-TEMP)I/(22TT)
M01,2)=0.0
"M(3,2)=ALPHA®M(2,2)
JFLAG=D
RZTURN
JFLAS=1
RITURN
IND
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[EEs SRS NSNS

VYOO O

SU2RIUTINI Z(MU,A,3,C,S,M,JFLAG)
CIVENSION MU(3),S(3),%(3,2)
RIAL M,NMU

Ak kAR AR R A A AR AT AR A A Ak AR AR R A Akt

STZRMINE A VECTOR ™,

(2 XSRS Z 22 FEES SRR RS RSS2 R RS2SR EZ
T1=C
T2=2#Cx5(3)
TIZAKS (1) 4 #2435 (2) 4 a2+ *5(3) w21
TEMP=T2#T2~4*T1+T3

Ak hhkhkrhkhhhhhbrebhhhbhbbhhbhrhrhohhrihkih

NO SCLUTION "MEANS ELLIPSOID *N" NOT TOUCHED 3BY LINE

OF SIGHT RAY.

AR Rk kAR Rk kR h Ak ke kakh ke ARk hhh ke hhkkkhekk
IF(TEMP.LT.0.0) GO TO 2
TENP=SIRT(TZMP)

T I R R e R R Ry P R TT T T T 3

FIND TWD POSSI3LE M VECTOPS 3ZCAUSE A RAY
A SCLID MUST ALSO LEAVE.

I T T T TR T S R T T ST e
¥(1,1)=0.0
wi{2,1)=0.0
BL3,1)=(T2+TEMP)/(2xT1)
%(1,2)=5.0
M(2,2)=0.0
N(3,2)={T2-TEMP)/(2«T1)
JFLAZ=D
RETURN
JFLAZ=1
RETURN
END
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APPENDIX A
HIDDEN LINE PROBLEM BETWEEN TWO ELLIPSOIDS

Ellipsoids are plotted as a set of contour lines. These lines consist of a
series of short vectors that are sequentially plotted to form a contour
line. The hidden line problem can be reduced to the problem of finding
what vectors are hidden from the viewpoint. This problem can be brdken
down further if it is assumed thaf each vector is short enough that only
the point representing the head of the vector needs to be checked; thus the
problem reduces to checking points to see if they are hidden from the
viewpoint. Figure A.1 shows the coordinate systems and vectors used to
solve the hidden point problem. The following equations are used to solve
the hidden point problem using ellipsoids.

P21 = [D11 P2

Pr = ] Py

1 = [011 021 73
$-rp -Pyy +P7 =0

g_——r —_— =
= Pyy + ra21 - P13

— T — —
Sin ellipsoid No. 1 system = 011 (F2) + 011 021 7y - [04] P

[01] T

«l

<
—
]
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PRIME ELLIPSOIp

COORDINATE
SYSTEM
#1

yin




<<y

<¥

<y

P+

in

VP, + P71 =0
W1 - Py

ellipsoid No. 1 system

=3-0

using the ellipsoid equation

Fe[Alr=1

Al F=1

(

>
S

>
M

a1 € -1 =1

rn=3-H

- 173

= [D;] VP - [D,] Py

—
r, =

748




> > > >
Since P and M are in the same direction, P + M is also in in the same

direction, then a unit vector in the direction of M can be obtained from

> > > >
P+M=S-%V
therefore
S1 -V H1
MAG
So = Vo -
T MAG = L B
S3 - V3
—WAG M3
where

MAG = [(Sy - V1)2 + (Sz - V2)2 + (S5 - V3)2]'/2

-

>
giving u in the direction of M must obey the following relationship.

. M ur M
w2 Mz Hs M3
u2 " u3
Mo = My om =My Mg = My o= My
back to
S -M A1 S-M)=1
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S-M= S, = aM;
S3 - M)
therefore
G-mT 1 E-M =1
expands to
1 2 .1 2 . 1 2
== (S1 - M1)¢ +—(S2 - aM1)% + =— (S3 - M)2 =1
a2 b2 c?
Tet
A=l_‘ B=1— C:.l_
a2 b2 c?

A(Sy - M1)2 + B(S2 - aM;)2 + C(S3 - BM1)2 =1

AS12 + AM12 - 2AS M) + BS22 + Ba2M;2 = 2BS,aM; + CS32 +

CBZM;2 - 2CBS3M; = 1

(A + BaZ + CB2) M2 - (2AS1+ 2BS, + 2CBS3) My + AS;2 + BS,2 +

CS32 -1=0
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let

T1 = A + Ba? + (B2

T2 = - (2AS1 + 2BS2a + 2CBS3)

T3 = ASp2 + BS,2 + CS32 -1
-T2 % JTZZ - 4T1T3

M =

21y

only T22 - 4T;T3 must be evaluated to test for M1 on the ellipsoid.

_).
If M1 is real, then M is given by

M1
ﬁ= aMl
BM,
P=3-V-M

> >

If there is a real M, then it must be determined if both Ms are in the
-).

opposite direction of P.

+
Case No. 1--if both Ms are in the opposite direction of P, then the point
is not hidden.

.).
Case No. 2--if either M is in the same direction as P, then the point is
hidden.
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> +>
Using the dot product to determine the relative directions of M and P gives

P.M=<0, the point is not hidden.

> > > >
P=S-V-M

(S1 - Vi - My, Sp - Vo - My, S3 - V3 - M3) M
M2
M3
3 . ﬁ = §iM; - VM - My

+

SoM2 - VM2 - MaMs

-+

S3aM3 - V3M3 - M3Mj

If |ﬁ| is close to zero, the points on each ellipsoid are very close
together, and it is not necessary to hide the point on the contour vector.

If u, equals zero, then an a and B cannot be found with the given
expressions. Therefore, the following cases must be examined.

Case No. 1

vy = 0 o = 0
M =0
M2 =0
G-MmTag-H =1

S1
S-M=|s,

3 3
S - M
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AS12 + BS32 + C (S5 - M3)2 =1

AS12 + BSp2 + CS32 + CM32 - 2SC3Ms= 1

Tl =¢C
T2 = -2CS3
T3 = AS;2 + BS,2 + CS32 - 1

Use these T values back in the quadratic formula used earlier.

Case No. 2

u1=0 112*0
M1=O
S1
M3  u3 M3
>
§-M— Sz-Mz M;=u_2 Q-—‘:l—z
S3 - M3 M3 = oMz

AS12 + BS22 + BM22 = 2BS My + CS32 + Ca2Mp2 - 2CaMoS, = 1

Tl = B + Ca2

T2

2BS, - 2CaSs
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T3 = AS12 + BS22-+ CS32.- 1

Use these T values in the quadratic formula and proceed.
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APPENDIX B
DISCUSSION OF EQUATIONS USED BY PRJELR

PRJELR stands for project ellipsoid routine. The function of PRJELR is to
circumscribe a projected shadow of an ellipsoid with a rectangle. The
resulting rectangle is used as a polygon by the overlap routines to deter-
mine what objects overlap after they are projected.

GENERAL APPROACH

1. Assume that all ellipsoids project an elliptical shadow. This
is a good assumption when the viewpoint is far away from all
objects and the viewpoint Z axis is nearly directly pointed at
all ellipsoids.

2. Find three radial vectors of the ellipsoid pointing to a surface
point that forms the contour of the projected shadow. Add three
further conditions--one radial vector is in the X-Z plane of the
viewpoint coordinate system, another radial vector is in the Y-Z
plane of the viewpoint coordinate system, and one radial vector
is in the X = Y and Z plane of the viewpoint coordinate
system. These planes are defined as if the viewpoint coordinate
system were at the center of the ellipse. This gives thrée

. L. .o — — —
radial vectors as indicated in Figure B.1, ry, ro, rs.

3. Project all three vectors onto the projection plane and solve
for an ellipse matrix.

4, Circumscribe the resulting ellipse with a rectangle.

Take [A(3,3)] ellipsoid matrix and transform to [A'(3,3)] in the
viewpoint coordinate system.

A' = [ovP] [D]' [A] [D] [ovPl'
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VIEWPOINT

COORDINATE

SYSTEM

SLICE OF ELLIPSOID IN THE X-Z PLANE
Y
CENTER
OF VIEWPOINT

ELLIPSOID COORDINATE

SYSTEM

SLICE OF ELLIPSOID IN THE Y-Z PLANE

VIEWPOINT
COORDINATE
SYSTEM

SLICE OF ELLIPSOID IN THE X=Y Z PLANE

Figure B.1. Three Radial Vectors
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where

[DVP] = direction cosine matrix that transforms from the
inertial to the viewpoint frame of reference.
and
[D] = direction cosine matrix that transforms from the

inertial -to the ellipsoid frame of reference.

Find the following three vectors

0 r
T X
> 0 > L >
r= r = r r = r r.= r
Yy Yy X y
s ry 2

that also have the properties of being radial vectors defined by A' and
that the associated vector P from the viewpoint to the tip of F is normal
to the normal vector for the point defined by T on the ellipsoid. See
Figure 9.

S¢
L]
=, g
1]
o
-
| =
5
n
—

=
"
| =
i
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This is the equation that subroutine SOLVR uses to return components for ¥
—_ —> - :
that represent rj, ro, rs.

Let
Case No. 1 be FT
Case No. 2 be FZ
Caée No. 3 be F;

in all three cases

A'1 A'i2 A'1s
(SSy» SSy» SS;) Ay A'yy Alsg r=-1
A'3y A'3p A'33
expanding the left hand part gives
(SSXAlll + SSYA'ZI + SSZAl31, SSXA'IZ + SSYAIZZ + SSZA"3'2

SSXA'13 + SSYA ‘o3 + SSZA'33) r=-1
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With each case of r the expression reduces to

(aISSX + 0SSy + a3$SZ) Pyt (04SSy + 5SSy + agSS,) ry = -1

ay = A'3

ag = A'sg true for all cases

ag = A'33

Case No. 1 Case No. 2 Case No. 3

ap = A'y a;y = A'12 ap = A'31 +A'1p
az = A'z) | az = Az az = A'a1 , Al22
az = A'3) a3 = A’z ag = A'3z; + A'3p

Making another substitution, let

ho]
—
[

= (QISSX + aszY + a3SSZ)

™
N
i

= (aqss + a5$S + QGSS

X Y Z)

Then Px/y can be solved for by the following equation

" T T8T "z T8y
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—_  —> —_ ., .
now ry, ro, and rs 1s written

B2

1
"B 2T B
rf = 0
rz

_ _ _1
7
By 1
'E%‘E/
> 82 1
rg = -B—II"Z-B—I
rz
Since
AT =1

rz can be found for any one of the three cases, if the above expression is
expanded, the following general form results.

2 2 =
erX/Y + erX/YrZ * Y3ry 1

185



Case No. 1

ft
>
—
—
=<

Y1 2

Case No. 2
Y1 = A'22 Y2 =
Case No. 3

Yy = A" +2A 5, + A,

now by substituting

=

BL "z "B

2A'13

Y 3= A'33

1 2
'z - 87 "z 7 Y3z
By 1
rgct 2y —— - % g
B1 1
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Let the coefficients for the terms rzz, rss and constant term be
represented by Tl, 5T2, and T3, respectively. "

To + To2 - (a1173)}/2

rz =- 71T

Bo Bo
P2y T T8 Tz T By

Values for ry, ry, and ry can be obtained depending upon what case is being
solved.

SOLVR subroutine will return vector components for any of the three
cases. ‘

Definition of call to SOLVR subroutine

CALL SOLVR (A;, Az, A3, Ay, As, Ag, Ay, Ag, SS, R1, R3)

Case No. 1 Case No. 2 Case No. 3
Ay = A'yy Ay = Ay, Ay =A'11+ A"
Ry = A'gy Ay = A'ap Ay = A'p; + Ay,
A3 = A'3; A3 = A3 Ag=A'31 +A 3
Ay = A'13 Ay = A'13 Ay = A'3
As = A'23 As = A'z3 As = A'33
Ag = A's3 Ae = A'33 Ag = A'33
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=A'yp +2A" 1, + AY

I
<
|
=
—
—
B -]
<
i
o
N
N
™
<9
I

Ag = A'y3 Rg = A'p3 Ag = A' 13+ A o3

S§S =SS SS

SS SS =SS

R1 = X component Rl =Y component Rl = X and Y component
of ry of ry of rj
R3 = Z component R3 = Z component R3 = Z component

of r1 of rz of rs

After SOLVR constructs all three cases for vector ¥, these three vectors
are used to find an ellipse matrix [a] on the projection plane. The pro-
perties of the three ¥ vectors are such that they satisfy the three- -
dimensional ellipsoid and when projected satisfy the ellipse on the projec-
tion plane.

Also the properties are such that the coefficients of the ellipse matrix
can be found. This is accomplished by SOLVA subroutine.

Projection of F onto the Projection Plane

.= 7;=(Sx+rx Sww)

o [ S_v)
57”5y
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a a2
rtar' =1 [a] =
a21 422

Since there are three r' vectors and only three of the four components of
[a] are independent, the components of [a] are obtained by solving three
equations simultaneously in subroutine SOLVA. SOLVA returns the components

of [a].

To circumscribe the ellipse with a rectangle, the major and minor axis
vectors must be found. These vectors are found by solving for the eigen-
vectors of [a].

art = art

This condition is true only for the vectors that represent the major and
minor axis of the ellipse. '

a)] dj2 PX PX
aiz az2 rY' - I‘Y
a11rx + a12rY }\r‘X
arafy + azaly ] APY

XPX - allrx - aler =0

lPY -alzrx - azer =0
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I
o

[1]

(A - a11) ry - aiz2ry =

I
o

2]

(A - az22) ry - ajary =

The only way No. 1 and No. 2 can be zero is if

aja f‘x
—
ry = =
>‘1 - a1l r‘Y
Ao - Az I"X
—_
re = =
aiz PY

These are the major and minor axes vectors.

These vectors must also satisfy the ellipse equation

ar = Ar
Flaf = 1
rTA? =1
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since A is a scalar

Arr=1

2 2 1
Ax + 'y = Xﬂ
Iri]? = &

Both eigenvalues can be found by solving

A - a) -a12

-a)2 A - az

]1/2

ai1 + azz + [(ag1 + az2)? - 4(ajjaz9- a322)

B 2

Using these two eigenvalues, FY and FZ are determined and must be
normalized by the relation '

|71]2 = 3

X

These equations are used to circumscribe the ellipse with a rectangle.

—  — —
Pr=r1 +r2

—> - -
P, = -r; + ro
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— —

P3 = -r;1 - ra
- —
Py, = ry1 -r2

CONVEC (I,1,K)

Il
N 1

1
O
—

il
-
N

!
-
—

]
-
-

[}
-
N

|

1
N
3
-

CONVEC (I,2,K) =P3 - Py =1y -1y = g + Py = =275

|
-
w
1
©
N
It
-
N
]
-~
—
1
-
N
+

CONVEC (I,3,K) =Py =Pz =ry-ro+ry+ri=2r;
CONVEC (I,4,K) =Py - Py =1y + T, - + 1y =27

I = 1,2 for vectors on the projection plane

K 1,2,3,4, .... 90

K is an ellipsoid number or polygon number.
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APPENDIX C
INTERSECTION OF A THREE SPACE VECTOR AND PLANE

Figure C.1 shows the typical vector problem that represents the
intersection of a three-space vector and a plane. The problem is to deter-
mine if the intersection point lies along vector ¥ or beyond the tip of

. The figure shows that if Tau is less than one, the intersection point
1ies between the two points VP and PT.

Tau is found with the following equations (where ﬁ is the normal unit
vector to the plane).

>

FT - ﬁ + P=20

=)
.

=z
.
>

=
[ ]
=,

T » 1 point is not blocked by the intersection point.
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PT

Figure C.1.

INTERSECTION POINT

KNOWN POINT ON PLANE

PLANE

Intersection of a Three Space Vector and a Plane
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APPENDIX D _
INTERSECTION OF LINE SEGMENTS IN A PLANE

Given two line segments,
-P1P2 and P3Py
where

P]' = (st .Y-i)

Consider all parallel lines to be nonintersecting.

The Regular Configuration -- Neither of the Tine segments is vertical.

The Tine which contains PP has the equation

Yo - Y1 Y -Y1

X2 = X1 X - X1

which simplifies to

y = (x-x1)m+y;

where

y2 = y1

m =355 -x

Likewise the line containing P3P, has the equation
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y = (x - x3) mp +y3

where

Y4 = ¥3

mz_XL,-Xg

Since at the point of intersection
PO = (XOs yO)

Yo = (xg = x3) my + y,

Yo = (xg - x3) mp + y;3

then equating and solving for xo0 yields

Y3 = y1 + mixy - maxs
m - my

X =

To determine if the point of intersection of the two lines is on each line
segment, note

PoePiPj <=> Po =P+ t(Pj - Pi) for 0 <t <1
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Then let

Xo - X1
t = —
X2 =X1
Xp - X3
S:—
Xy = X3

then if 0 < t <1 and 0 < s <1 , there is intersection.

But, since we will say that the two segments do not intersect if the point
of intersection is one of the endpoints, then if 0 <t <1 and 0 < s < 1,
there is intersection.

If one of the lines is vertical, the regular procedure will not work since

there wf]] be a zero denominator in one of the mi's. Therefore, provided
the nonvertical segment is not horizontal, make the substitution

. -
Pi = Yis X for each Pi = (Xi’ yi)

Using the Pi' endpoints, the regular procedure will then determine if there
is an intersection.

The only case not covered, so far, is the case where one segment is
vertical and the other is horizontal. Without loss of generality,
assume P;P, is vertical and P3Py, is horizontal.

In this case

Po = (x15 ¥3)

=197



SO

(x15, ¥3) = (x1, y1) +t [(x1, ¥2) - (x15 ¥1)1 =>

Y3 - %1

t =

likewise

Y2 = Y1

[(x1s ¥y3) = (X3, ¥3) + s (x4, ¥3) - (x3, ¥3)] =>

X1 - X3

then if 0 <t <1

Xy - X3

and 0 < a <1, there is an intersection.
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