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1.0 INTRODUCTION 

The Articulated Total Body Model (ATBM) computer program simulates gross 

human body motion in response to internally or externally app 1 ied forces. 

Program VIEW was written to provide visual computer-aided data analysis for 
users of the ATBM program. It plots a pi~torial 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, can 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 
pictures 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. 
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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. ~; 

The first step in generating the 30 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 
local coordinate system of the ellipsoid, a~ rotation of the ellipsoid 
will be seen as rotation of the projected 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. 

7 



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. All Calcomp plotting calls are standard 
except the call to the initialization subroutine PLOTS which will be dis

cussed later. All 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: 

a. 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. 

b. 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. 
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c. Hollerith strings in this version of VIEW are enclosed by single 
quotes (' ••• '). On other target systems, new delimiter 
characters may be needed (e.g., *· * . . ' 11

• • • , 
11 etc.). 

d. 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). 

e. The call to the Calcomp subroutine PLOTS in the mainline is for 
a Perkin-Elmer system [call PLOTS{O, 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. 

f. 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. 
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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 line 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 
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as elliptical shadows circumscribed with rectangles to conform with the 
format of subroutine BUILOIE. 

In Block No. 5, subroutine POLYO is called to generate the directional 
cosine matrices for all polygons. See the description of POLYO 

(Section 4.22) for further information. 

In Block No. 6, subroutine BUILOIE 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 hidden, 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. 
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4.0 VIEW PROGRAM SUBPROGRAM DESCRIPTIONS 

No. Name Type 
1 MAIN 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 POL YO Subroutine 
23 PREPLT Subroutine 
24 PRJELR Subroutine 
25 PRJPLY Subroutine 
26 PSE Subroutine 
27 ROT Subroutine 
28 SOL VA Subroutine 
29 SOLVR Subroutine 
30 TITLE Subroutine 
31 TPOINT Subroutine 
32 TRANS! Subroutine 
33 XINTCP Real Function 
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34 
35 

36 

37 

4.1 MAIN PROGRAM 

a. Purpose 

XYZ 

YINTCP 
XYZ 

z 

Subroutine 
Real Function 
Subroutine 
Subroutine 

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. 

b. Subroutines Required 

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

c. Labeled Common Blocks Used 

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

d. Input or Argument Parameters 

Input cards 1.0, 3.0, and 4.0 

e. Optional Output 

!DEBUG (1) = 1, print NIE array 
!DEBUG (2) = 2, print IE array 
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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 

a. 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 
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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. 

b. Subroutines Called 

OVERLAP 

c. Labeled Common Blocks Used 

ELLIPSE, INTERS, POLYGON, REMOVE 

d. Input or Argument Parameters 

None 

e. Optional Output 

None 

f. 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 segments are checked 
against each other until all segment-segment overlaps 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 11Correctly execute 11 is that the 
intended draw extends to the boundary~ but not beyond it. All 
further plotting after this draw is 11 Clipped~ 11 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. 

b. Subroutines Called 

PLOT~ XINTCP~ YINTCP 

c. Labeled Common Blocks Used 

None 

d. 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 
YMIN 
YMAX 

!PEN 
I PLOT 

X Coordinate of Right Side of Plotting Region 
Y Coordinate of Bottom of Plotting Region 
Y Coordinate of Top of Plotting Region 
Calcomp Pen Control Variable 
Flag that Tells CLIP if Last Pen Move 
Was Clipped {!PLOT=~) or Not Clipped (IPLOT=1) 

e. Optional Output 

None 

f. 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, !PEN = 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 {!PLOT = 1 and !PEN = 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). If 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. !PLOT 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 

a. 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 inertial 
reference system. 

b. Subroutines Called 

DET, DOT 

c. Labeled Common Blocks Used 

ATB, CONECT, DBUG, ELLIPSE, POLYGON 

d. Input or Argument Parameters 

None 

e. Optional Output 

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

f. Procedure 

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

1. AOX + BOY + COZ = DO 

2. A1X + B1Y + 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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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. r i~ the normal to plane number 3, and 
r3 is the norma 1 to the p 1 ane number 2. The 1 ength of r2 and 
. r3 are obtai ned from the output of the ATB si mul at ion 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. 

z 

--

\ 
\ 
\ 
\ 
.t 

\ 
\ 
\ 
\ 

_..l 
--A~-- P. 

Figure 4.2 Point of Intersection for all Three Planes in CONVREC 

4.5 SUBROUTINE CROSS 

a. Purpose 

Computes vector cross product C = ~ x B. 

b. Subroutines Required 

None 

c. Labeled Common Blocks Used 

None 
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4.6 

d. Input ,or Argument Parameters 

A, B, C: Arrays, each consisting of three elements; that 

represent vectors where the cross p·roduct is defined by 
+ + + c = A X B. 

e. Optional Output 

None 

f. Procedure 

Computes each element of C by 

C1 = a2b3 a 3b2 

C2 = a 3b 1 a 1b3 

C3 = a 1b2 - a zb 1 

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 
A12 
Al3 
A21 Values Representing Square, 3 x 3 Array 
A22 
A23 
A31 
A32 
A33 

e. Optional Output 

None 

f. Procedure 

The determinant is calculated in the following manner: 

DET = All*(A22*A33-A23*A32) - Al2*(A2l*A33-A23*A31) + 

A13*(A21*A32-A22*A31) 

4.7 SUBROUTINE DOT 

a. DOT performs matrix multiplication C = A1B. If A and Bare 
vectors, C is the dot product A • B. 

b. Subroutines Required 

None 

c. Labeled Common Blocks Used 

None 
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d. 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 

e. Optional Output 

None 

f. Procedure 

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

L 
C(I,J) = E A(K,I) * B(K,J) for I = l,N and J = l,M 

K = 1 

4.8 SUBROUTINE DOTT 

a. Purpose 

DOTT performs the matrix multiply.£.= AB 1 

b. Subroutine Called 

None 

c. Labeled Common Blocks Used 

None 
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d. Input or Argument Parameters ·. · · 

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

e. Optional Output 

None 

f. Procedure 

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

L 
C(I,J) = E A(I,K) * B(J,K) for I= 1,N·and J = 1,M 

K = 1 

4.9 SUBROUTINE DRCYPR 

a. 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, I2, or I3. 

b. Subroutines Required 

MAT, ROT 

c. Labeled Common Blocks Used 

None 
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d. Input or Argument Parameters 

D 3 x 3 direction cosine matrix to be computed. 
A 3 rotation angles given in degrees. 
ID 3 integers (11, 12, and 13} that indicate axis of 

rotation for each of the three angles in A (1~ 2, or 3 

indicates x, y, or z axis, respectively). 

e. Optional Output 

None 

f. Procedure 

Computes as a matrix product 

where each o1 is one of the following 

Q_l = 

( ~~s a 

s1n a 

0 

cos a 
- sin a 

0 

1 

0 

sin a 

cos a 
0 

0 

:) sin 
cos 

~ sian a) 
cos 

depending as 11, 12, and 13 have values of 1, 2, or 3. 
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Note: (1) For the normal sequence of yaw (~), pitch (e), and roll 
(~), let ID = 3, 2, 1 to obtain 

(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 

(3) For Euler angles, precession (~), nutations (e), and spin 
(~), let ID = 3, 1, -3 to obtain 

.4.10 SUBROUTINE ELIPSN 

a. Purpose 

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. 

b. Subroutines Called 

SQRT 

c. Labeled Common Blocks Used 

ELLIPSE 
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d. Input of Argument Parameters 

INDEX -- Number of Steps Plus One 
Xl -- Array Containing a Quarter of the Ellipsoid 
IN Array Containing Number of Points in each 

Contour Array '· 

e. Optional Output 

None 

f. Procedure 

ELIPSN is called once for each ellipsoid. 
ellipsoid, calculate X and Y coordinates. 
variable [TEST = (1-X 2*SIMP1) - Y2*SIMP2]. 

For each step for 
Calculate test 
If result is nega-

tive, it means point is not on the ellipsoid. In this case, Y 
coordinate is calculated as 

~ 1-X2 * SIMP! 
SIMP2 

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

4.11 SUBROUTINE EXTEND 

a. Purpose 

EXTEND is a subroutine used in conjunction with the hidden line 
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 unplatted, a gap would 
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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. 

b. Subroutines Called 

HIDE, HYDE 

c. Labeled Common Blocks Used 

ELLIPSE, INTERS, PLTT 

d. Input or Argument Parameters 

p 

I 

J 

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

e. Optional Output 

None 

f. 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 

a. Purpose 

The name 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 RA 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 Z 

axis. 

b. Subroutines Called 

SQRT 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

CAMERA 

FOCUS 

D 

Position vector for the viewpoint in the 

reference frame of the segment to which the 
viewpoint is attached (X, Y, Z coordinates). 
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). 
Direction cosine matrix for viewpoint 
(transformed from the inertial coordinate system 
to the viewpoint coordinate system). 
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e. Optional Output 

None 

f. Procedure 

,. 
GENDCM assumes the X axis of the viewpoint coordinate system 
remains parallel to the X-Y plane of the inertial 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 

and 

A A A A 

must be (Z 2 , - Z1 , 0). Now both the X and Z vectors of the ,. 
viewpoint coordinate system are determined. The Y is obtained ,. ,. 
by crossing Z into X. The direction cosine matrix has the 
fo 11 owing form. 

Z(2)/XNORM -Z(l)/XNORM o.o 

Z(l)*Z(3)/XNORM Z(2)*Z(3)/XNORM -X NORM 

Z(l) Z(2) Z(3) 

where XNORM is IN!, the length of N. 
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4.13 SUBROUTINE HIDE 

a. 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). 

b. Subroutines Called 

DOT, MAT, TPOINT, TRANS! 

c. Labeled Common Blocks Used 

ELLIPSE, POLYGON 

d. Input or Argument Parameters 

KK 
P3 

I FLAG 

e. Optional Output 

None 

f. Procedure 

Polygon number to check blocking. 
Contains position vector of point to check. 
Flag passed back to caller indicating hidden 
(IFLAG=l) or not hidden (IFLAG=2). 

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 !FLAG 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 !FLAG is returned 
as one; if not hidden, !FLAG 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 

R 
I FLAG 

e. Optional Output 

None 

Possible hiding ellipsoid number (I) 
Vector to plotting point (I) 
Flag indicating hidden (IFLAG=l) or not 
(IFLAG=2) (O) 

33 



f. Procedure 

The equations used by subroutine HYDE (and accompanying 
subroutines XYZ, YZ, and Z) can be found in Appendix A, 11 Hidden 
Line Problem Between Two Ellipsoids ... Refer to this appendix 
for further information on HYDE. 

4.15 SUBROUTINE INPUT 

a. 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. 

b. Subroutines Called 

DOT, DRCYPR, GENDCM 

c. Labeled Common Blocks Used 

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

d. Input or Argument Parameters 

CTIME 
Input Cards 

Current time of program passed from main. 
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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e. 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. 

f. 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 !CODE. When !CODE 
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 !CODE equals one, the direction cosine 
matrix is supplied as input (card 15.1). When !CODE 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 !FLAG 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 

a. Purpose 
., 

LSEGINT is called by subroutine OVERLAP to check for two lines 
intersecting. The line segments are represented by two end 

points for each line. 

b. Subroutines Called 

None 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

P1 X and Y coordinates for 1 i ne No. 1, end point 
No. 1 

P2 X and y coordinates for 1 i ne 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 
!Flag Flag passed back to OVERLAP to show intersection 

{IFLAG=1) or no intersection (IFLAG=O) 

e. Optional Output 

None 
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f. Procedure 

LSEGINT checks for six separate cases: 

Case 1 Regular confi gu ration 
Case 2 One line is vertical 
Case 3 Both lines are vertical 
Case 4 Both lines are hori zonta 1 
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".£_= AB. 

b. Subroutines Called 

None 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

A 

B 

c 

Matrix of Size (LL,MM) 
Matrix of Size (MM,NN) 
Product Matrix of Size (LL,NN) 
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LL, MM, NN 
JA, JB, JK 

e. Optional Output 

None 

f. Procedure 

Sizes of Matrices A, B, C 
First Dimension of A, B, C in Calling 
Subroutine 

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

MM 
C(I,J) = L A(I,K) * B(K,J) for I = 1, LL and J = 1, NN 

K = 1 

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 
OS/32. 

b. Subroutines Called 

DOLWH, PLOTS 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

None · 
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e. Optional Output 

None 

f. Procedure 

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 NFRA~E, 
subroutine DOLWH is called. DOLWH stands for digital output 
with handshake. An end-of-frame halfword (FFFF) is .output to 
the Grinnel system. Subroutine PLOTS is called to initialize 
the next frame. The subroutine then exits. 

4.19 SUBROUTINE OVERLAP 

a. 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. 

b. Subroutines Called 

LSEGINT, TPOINT 

c. Labeled Common Blocks Used 

POLYGON . 
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d. Input or Argument Parameters 

III 
KKK 
MFLAG 

e. Optional Output 

None 

f. Procedure 

Object No. 1 to be Tested 
Object No. 2 to be Tested 
Flag indicating overlap or not. MFLAG = 0, 
no overlap; MFLAG = 1, overlap. 

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. If 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 

INDEX2 

e. Optional Output 

None 

f. Procedure 

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

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. 

b. Subroutines Called 

CLIP, EXTEND, HIDE, HYDE, PLOT, PREPLT, TRANSl 

c. Labeled Common Blocks Used 

ELLIPSE, INTERS, PLTT 

d. Input or Argument Parameters 

e. 

f. 

SEG 
I PEN 
INDEX2 
NPTS 

.CARD 16.0 

Optional 

None 

Procedure 

Output 

Array containing points to be plotted. 
Calcomp pen control variable. 
Maximum number of points to plot. 
Number of points to plot. 
XMIN, XMAX from input control file. 

PNTPLT takes each point and checks to see if the point is 
hidden. This is accomplished by calling subroutine HYnE 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. If 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 TRANSl 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) 

y• = (SFACTOR) * (Y} 

where x• and v• 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 lift (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 i.s 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. 

b. Subroutines Called 

CROSS, SQRT 

c. Labeled Common Blocks Used 

d. 

e. 

f. 

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 
F i gu re 4 • 3 • ) 

r2 =----

The direction cosine matrix is given by 
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Figure 4.3 Pictorial Representation of Equations in POLYD 
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A A A A A A 

Since X • y = 0 and X • Z = 0 and y . z = 0 

a1 bl Cl 

0 = a2 b2 C2 

a3 b3 C3 

This direction cosine matrix can be used to transform from the 
inertial reference system to the local reference system. 

4.23 SUBROUTINE PREPLT 

a. 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). 

b. Subroutines Called 

PLOT, XINTCP, YINTCP 

c. ~abeled Common Blocks Used 

None 

d. Input or Argument Parameters 

X 
y 

X coordinate of present point 
Y coordinate of present point 
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\ X INTERCEPT 

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 

e. Optional Output 

None 

f. 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 def1_0ted by the just calculated X and Y coordi
nates. Variable !PEN 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 later in the program by the 
BUILDIE routine which checks for overlaps of objects on the 
projection plane. The information obt~ined from these opera

tions is used by the hidden line 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. 

b. Subroutines Called 

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

c. Labeled Common Blocks Used 

ELLIPSE, POLYGON 

d. Input or Argument Parameters 

None 
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e. Optional Output 

None 

f. Procedure 

Immediately upon entering, PRJELR checks the number of 
segments. If zero, the subroutine exits. If nonzero, it con
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 
+ + + "b . A d" B V + + r1, r2, and r3 as descr1 ed 1n ppen 1x • ectors r1, r2, 
and ~3 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 

a. Purpose 

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

plane. 

b. Subroutines Called 

MAT 

c. Labeled Common Blocks Used 

ELLIPSE~ POLYGON 
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d. 

e. 

f. 

Input or Argument Parameters 

None 

Optional Output 

None 

Proced~re 

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 P vectors are given in the inertial reference 
frame. These vectors define the corners of the polygon in three 
space •. These ~ 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(l) crossed 
with CONVEC(2). The CONVEC and SIGN arrays are used by the 
BUILDIE block. 

4.26 SUBROUTINE PSE 

a. 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. 
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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 
IN 

SEG 
INDEX 

INDEX2 

I HALF 

e. Procedure 

Sem.iellipsoid contour array. 
Number of points in each quarter contour saved in 

array Xl. 

Array containing a complete contour. 
Number of steps plus one. 

Maximum number of points any complete contour can 

have. 

Flag controlling which ellipsoid half is to 

be plotted. 
!HALF = 1, semiellipsoid with X > 0 is plotted. 

!HALF = 2, semiellipsoid with X < 0 is plotted. 

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. 

d. 

e. 

f. 

Subroutines Called 

COS, SIN 

Labeled Common Blocks Used 

None 

Input or Argument Parameters 

A 3 X 3 rotation matrix to be computed. 
L 1, 2, or 3 indicating rotation about 

axes, respectively. 
TH Angle of rotation a, in radians. 

Optional Output 

None 

Procedure 

1. For L = 1, computes 

A= G 
0 0 

:) cos a sin 
-sin a cos 

2. For L = 2, computes 

A =(~OS 6 
sin a 

0 

1 

0 

~sin e) 
cos a 
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3. For L = 3, computes 

cs e 
sin e 

D ~ = ~sin e cos e 
0 

Note: Special tests are performed to insure that cos e and 
sin e are exactly 0 or ±1 for values of e 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, 11Discussion of Equations 
Used by PRJELR 11 for more information. 

b. Subroutines Called 

None 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

R Contains values of r 1, r2, and rg on 
the projection plane. 

AAll au component of [a] 
AA22 a22 component of [a] 

AA12 a12 component of [a] 
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e. Optional Output 

None 

f. Procedure 

See Appendix B, 11Discussion of Equations Used by PRJELR 11 for 
procedural information. 

4.29 SUBROUTINE SOLVR 

a. Purpose 

SOLVR solves a set of simultaneous equations to find the 
components of vector r that satisfy the properties needed to 
determine the equation of the projected ellipse. For more 
information, refer to Appendix B, 110iscussion of Equations Used 
by PRJELR. II 

b. Subroutines Called 

SQRT 

c. Labeled Common Blocks Used 

None 

d. Input or Argument Parameters 

Case No. 1 

A1=A 1 u 
Case No. 2 

A 1 = A I 12 
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Case No. 3 

A 1 = A I 11 + A I 12 

A 2 = A I 21 + A I 22 



A3 = A I 31 

A'+ = A' 13 

As = A'23 

AG = A 1 33 

A7 = A'u 

As = A '13 

ss = ss 

Rl = X component 
of r1 

R3 = Z component 
of r1 

e. Optional Output 

None 

f. Procedure 

A3 = A I 32 

A'+ = A I 13 

As = A I 23 

AG = A I 33 

A7 = A 1 22 

As = A I 23 

ss = ss 

Rl = Y component 
of r2 

Rl = Z component 
of r2 

A3 = A I 31 + A' 32 

A'+ = A I 13 

As = A'23 

AG = A I 33 

A7 = A Ill + 2A I 12+ A I 22 

As = A I 13 + A'23 

ss = ss 

Rl = X and Y component 
of r3 

R3 = Z component 
of r3 

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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b. Subroutines Called 

NEWPEN, NFRAME, PLOT, SYMBOL 

c. Labeled Common Blocks Used 

DBUG 

d. Input or Argument Parameters 

Input cards 2.0 and 2.1 (20) 

e. Optional Output 

None 

f. 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 subroutine 
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 

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

b. Subroutines Called 

None 

c. Labeled Common Blocks Used 

POLYGON 

d. Input or Argument Parameters 

PP2 
I 

IN 

e. Optional Output 

None 

f. Procedure 

Point on the projection plane. 
Polygon number on the projection plane. 

Flag returned telling if point was inside (IN=l) 
or outside (IN=2) polygon. 

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 given 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 

~ith 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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c 

D 

POINT #2 POINT#1 

A 

Figure 4.6 Cross-Product Test with Convex Polygon in TPOINT 

AB X AE, BC X BE, co X cE, M 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 

po1nt is inside the polygon, the following cross products need 
to be examined. 

A"B x A.F, sc x B"F, co x cr, 5A x or 

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 

AB x AE and BC x BE 
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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 TRANSl 

a. Purpose 

The purpose of TRANSl is to transform the input vector ~ into 
the viewpoint reference frame. 

b. Subroutines Called 

DOTT, MAT 

c. Labeled Common Blocks Used 

ELLIPSE, VIEWP 
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d. Input or Argument Parameters 

Input vector. R 
p Output vector (input vector transformed to 

. . 
Viewpoint Reference Frame). 

e. Optional Output 

None 

f. Procedure 

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

R in Local Reference Frame of Ellipsoid. 
This vector is a position vector for surface points of an ellip

soid, and it originates at the center of the ellipsoid. 

SEGL~ 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. 

P can be found from vectors R, ~' and VP once they are all 
in the Viewpoint Reference Frame. The following equations 
transform these vectors into the Viewpoint Reference Frame. 

~· , ...... 1 
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Figure 4.8. Vectors Used by TRANSl 

SEGLP2 = [DVP] SEGCP 

VP2 = [DVP] VP 

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

P = SEGLP2 + lf2 - m 

IF IELP is greater than 30, TRANSl 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 ~. 

4.33 FUNCTION XINTCP 

a. 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. 

b. Subroutines Called 

None 

c. Labeled Common Blocks Used 

None 

d. 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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e. Optional Output 

None 

f. 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 Xl and Yl. It then calculates the 
scaling factor SFACTR as 

Xl 
YT 

If Yl 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 added 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 M1 and M2 

are not equal to zero. Refer to Appendix A, "Hidden Line 
Problem Between Two Ellipsoids." 
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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 

MU 
A 

B 
c 
s 
M 
JFLAG 

e. Optional Output 

None 

f. Procedure 

See Appendix A equations for definitions. 

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

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 
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d. 

e. 

f. 

Input or Argument Parameters 

X X coordinate of point No. 1. 
y y coo.rdi nate 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) coordinat~s (see Figure 4.10). YINTCP first calculates 
the differences between the present and saved X and Y coordi
nates. These differences are called Xl and Yl. It then calcu
lates the scaling factor SFACTR as 

Y1 
'IT 

If Yl 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 intercept 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 M1 = 0 
and M2 = 0. Refer to Appendix A, 11Hidden Line Problem Between 
Two Ellipsoids ... 

b. Subroutines Called 

SQRT 

c. Labeled Common Blocks Used 

None 

70 



d. Input or Argument Parameters 

MV 

A 

B 

c 
s 
M 

JFLAG 

e. Optional Output 

None 

f. Procedure 

See Appendix A"equations for definitions. 

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

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

4.37 SUBROUTINE Z 

a. Purpose 

Z solves the equation for an ellipse to find a point on that 
ellipse that will return a vector. Is used when both M1 and M2 

are equal to zero. Refer to Appendix A, 11 Hidden Line Problem 
Between Two Ellipsoids ... 

b. Subroutines Called 

SQRT 

c. Labeled Common Blocks Used 

None 
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d. Input or Argument Parameters 

MV 

A 

B 
c 
s 
M 
JFLAG 

See Appendix A equations for definitions. 

Flag passed back as either zero when equation 

solved or one if not solved. 

e. Input or Argument Parameters 

None 

f. 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 

(j) 

® 

~ 

~ 

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

f 
CURRENT TIME > END TIME? 

l YES 

( STOP ) 

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

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

+ 
CALL PRJELR TO PROJECT ELLIPSOIDS IN THREE SPACE TO 

ELLIPSES ON THE PROJECTION PLANE. THEN CIRCUMSCRIBE THE 
ELLIPSES WITH RECTANGLES 

t 
CALL POLYD TO CONSTRUCT DIRECTION COSINE MATRICES 

FOR EACH POLYGON 

l 
CALL BUILDIE TO BUILD THE IE ARRAY THAT INDICATES 

ALL POSSIBLE OBJECT OVERLAP 

~ 
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 

I 
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5.2 BUILDIE 

INITIALIZE NIE AND IE ARRAYS 

YES 
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 

1 YES 
IF THE NUMBER OF POLYGONS IS .LE. 1 RET I URN 

. 

CHECK POLYGON AGAINST POLYGON FOR ALL POLYGONS. 

(1) CHECK FOR OTHER OVERLAPPING POLYGONS 
AND PLACE RESULTS IN IE ARRAY. 

CALL OVERLAP 

t 
RETURN 
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5.3 CLIP 

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

.. 
+ 

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

~ 
J 

LAST CALL A PEN UP TO 1ST POINT IN A LINE SEGMENT? 

~ 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 BOTIOM OF PLOTIER. 

~ 
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 PLOTIER. 

~ 
CHECK THESE CALCULATED X ANDY COORDINATES TO SEE IF THEY 
EXTEND THE VALID PLOTIING REGION. IF SO, SET IT TO THE 
LIMIT VALUE. 

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

' '---" 
IF PLOT MOVE A PEN UP TO 1ST POINT IN SEGMENT, SAVE X ANDY 
COORDS. ·,SET LAST CALL FLAG, CLEAR CLIP FLAG, AND RETURN. 

~ 
~ 

DO WE WANT TO PLOT (IPLOT = 1) 

t 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 BOTIOM OF PLOTIER (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 PLOTIER (XLIMIT). 

~ 
PLOT TO CALCULATED X ANDY COORDINATES. 

~ 
y_ DISABLE CLIP FLAG (I PLOT= 0) 

~ 
RETURN 

76 



5.4 CONVREC 

IF NUMBER OF PLANES EQUAL ZERO 1 
YES 

RETURN 

1 1F NOT ATBM PLANE OR IF NOT FIRST TIME THROUGH 

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 

t 
CHECK MPL ARRAY FOR REFERENCE 

SYSTEM THAT POLYGON IS DEFINED IN. 

~ 
IF MPL EQUALS ZERO FOR CURRENT PLANE I 

I YES 

~ NO 

TRANSFORM POSITION VECTOR FOR THE 
USE DEFAULT POLYGON CORNERS TO THE INERTIAL 

REFERENCE FRAME VALVE OF NISG 
SPECIFIED ON 

INPUT 

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 

RETURN 
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5.5 ELIPSN 

,--
1 

I 

-

I 
I 
I 
I 

r--

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

L __ 

-

-

CALCULATE DELTAX AND DELTAY 

+ 
FORK= 1, INDEX 

SETUP LOOP FOR INCREMENTING 
ALONG THE X AXIS 

' FOR = 1, INDEX 
SETUP LOOP FOR INCREMENT 

ALONG THE Y AXIS 

• CALCULATE 
y2 

1 -
x2 

-a2- b2 

l 
IS RESULT NEGATIVE? YES 

NEGATIVE RESULT MEANS THE POINT 
IS NOT ON THE ELLIPSOID. 

+ NO 

CALCULATE Z 
2 x2 y2. 

Z=SQRT (c (1---- l) 
a2 b2 

+ 
SAVE X,Y,Z COORDINATES IN XI 

ARRAY 

l 
2 

CALCULATE Y=SQRT (1-X 
2

) 
a 

t 
SAVE X, Y, Z COORDINATES IN 

X1 ARRAY 

' SAVE N THE NUMBER OF POINTS 
IN THIS HALF CONTOUR 

J v 
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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 ? 

f 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 I 

L----------
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YES 

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 



5.7 GENDCM 

- -CALCULATE Z AND NO,.RMALIZE Z 
TO OBTAIN Z 

CALCULATE NORMALIZATION FACTOR 

XNORM = (zx2 + zy2) 112 

FILL IN FIRST ROW OF DIRECTION 
COSINE MATRIX 

FILL IN SECOND ROW OF DIRECTION 
COSINE MATRIX 

FILL IN THIRD ROW OF DIRECTION 
COSINE MATRIX 

, 

\7 
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5.8 HIDE 

TRANSFORM POSITION VECTOR 
P3 TO THE VIEWPOINT 

REFERENCE FRAME 

' PROJECT POSITION VECTOR 
ON TO THE PROJECTION PLANE 

t 
CALL TPOINT 

TEST POINT AGAINST POLYGON 
· REPRESENTED BY KK 

t 
IS POINT HIDDEN? NO 

DOES IFLAG = 1 ? 

' f UNDETERMINED v YES IS POINT CLOSER TO VIEW- NO 

POINT THAN THE POLYGON? 

INDICATE POINT INDICATE POINT 
NOT HIDDEN HIDDEN 

IFLAG = 2 IFLAG = 1 

t 

v 
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5.9 INPUT 

I IF FIRST CALL I 

READ CARDS 6.0, 6.1 FROM LUN #5 AND POLYGON DATA FROM LUN #1 
READ ELLIPSOID DATA FROM LUN #1 TILL ZTIME:!: CTIME 

IF NPL>O, READ CARDS 7.1 AND 7.2 FOR EACH PLANE 
INITIALIZE ARRAYS A AND SEGLP 

IF NSEG>O, READ CARD 8.0 FROM LUN #5 
IF.NPL>O, 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 !1;: 0 AND ICODE !1;: 2, READ CARD 16.0 FROM LUN #5 

STORE INITIAL VALUES OF VP + DVP ARRAYS 

I RETURN l 

I IF NOT FIRST CALL I 
~ 

READ SEGMENT DATA FROM LUN #1 TILL ZTIME;: CTIME 

II 

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

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

w 

I 
RETURN I I 
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5.10 LSEGINT 

ARE BOTH LINE SEGMENTS VERTICAL? YES 

NO 

ARE BOTH LINE SEGMENTS HORIZONTAL? YES 

NO 

CALCULATE 
YES IS ONE LINE VERTICAL AND THE 

T VALUES OTHER LINE HORIZONTAL? v NO 

NO 
IS ONE LINE VERTICAL? 

YES 

SWAP ALL X COORDINATES WITH 
Y COORDINATES 

CALCULATE SLOPES OF BOTH LINES 

AREBOTHSLOPESTHESAME? 
YES 

v CALCULATE RATIO VALUES 

T= 
Xo -X1 

x2 -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 

t 

v 
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5.11 OVERLAP 

SET I 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 

YES 
AND OVERLAP? 

UNDETERMINED 

CALL LSEGINT TO TEST FOR 
LINE SEGMENT INTERSECTION 

YES 
LINE SEGMENTS INTERSECT? 

NO 

YES 
IF SECOND TIME THROUGH 

MFLAG = 1 

NO 

LET I EQUAL SECOND OBJECT NUMBER 
LET K EQUAL FIRST OBJECT NUMBER v 

v 
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5.12 PLPLN 

r-----

r--
1 

I 
I L __ 

-

-

-

ZERO SEG ARRAY 

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 

SET IPEN = 3 
INITIALIZE PEN UP 

SET IELP = L 
INITIALIZE DIRECTION 

COSINE POINTER 

CALL PNTPLT 

L ____ _ ------

v 
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co 
0'\ 

r 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

YES I 

LIFT PEN SET 
LAST HIDDEN 

FLAG, LFLAG = 1 

-i 

--I 

INITIALIZE LAST AND CURRENT POINT FLAGS, 
LFLAG AND I FLAG 

t 
FOR INPUT= 1, NPTS COUNT EACH POINT 

t 
CHECK POINT WITH ALL POSSIBLE 

BLOCKING OBJECTS 

' yrr SWITCH BLOCKING OBJECT NUMBER WITH 
FIRST BLOCKING OBJECT NUMBER 

' IS BOUNDARY DETECTED ? 

t 
IS POINT HIDDEN ? 1--

T NO 

SET LAST FLAG POINTER 
TO INDICATE NOT HIDDEN 

t 
X OR Y COORD. OFF PLOTIER ? ~-

f YES 

CALL CLIP, SAVE IPEN, 
SET IPEN TO LIFT 

' CALL PREPL T, PLOT 
VECTOR, ENABLE 1ST CLIP 
DRAW, SET I PEN TO DOWN, ~ 

SAVEIPEN 

t 
SAVE X+ YCOORDS. -! 

-t 
FIRST POINT? 

T NO 

EXTEND NEW VECTOR TO BOUNDARY 

' LAST POINT HIDDEN ? 

t YES 

X OR Y COORD. OFF PLOTIER ? 

-, YES 

CALL CLIP, SAVE PEN DOWN, 

SET I PEN TO LIFT 

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

SET I PEN TO DOWN 

t 
SAVE X+ Y COORDS. 

I 
---1 

( RETURN ) 

l NO 

~rl 

___, 

- ,., 

-l 

J 
X OR Y COORD. OFF PLOTIER ? 

J YES 

CALL CLIP, SAVE PEN DOWN, SET I PEN 
TO LIFT 

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

SAVE PEN DOWN, SET 
I PEN TO DOWN 

t 
SAVE X+ Y COORDS. 

I 
I 

(J'1 

....... 
w 

'"'0 
:z 
-I 
'"'0 
I 
-I 



5.14 PREPLT 

PREVIOUS PEN MOVE A CLIPPED PEN DOWN? 

t 
. ' 

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. 

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

' IF NOT OFF IN X DIRECTION, SET Y COORDINATE TOY TOP 
OR BOTTOM (DETERMINED ABOVE). 

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

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

' MOVE PEN TO X ANDY COORDINATE WITH PEN UP. 
RESET PEN VARIABLE TO DOWN. 

' RETURN 
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5.15 POLYD 

IF THE NUMBER OF PLANES. EQ. ZERO -. ~ 

rYES 
RETURN 

FOR ALL PLANES 

It 

CROSS TWO SIDES OF THE POLYGON TO GET 

THE NORMAL VECTOR TO THE POLYGON SURFACE 

If 

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 

CROSS THE FIRST TWO ROWS TO GET THE THIRD ROW 

~ 

"D" MATRIX NOW CONTAINS D TRANSPOSE SO 

TRANSPOSE "D" MATRIX TO GET THE CORRECT 

DIRECTION IN THE "D" MATRIX 

w 

DEFINE SEGLP FOR THE CURRENT POLYGON 

~ 

RETURN 
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5.16 PRJELR 

IF THE NUMBER OF SEGMENTS EQUAL ZERO 1 -
~----------------~--------------------~1YES 

FOR EACH SEGMENT 

TRANSFORM A3x3 MATRIX TO A'3x3 IN THE 
VEIWPOINT REFERENCE FRAME 

t 
CALL SOLVR THREE TIMES TO GET THE THREE 

VECTORsr;:-r;AND r3; DEFINED IN THE 

DISCUSSION OF EQUATIONS USED BY PRJELR 

It 

PROJECTr-1, r; AND r3"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 

L-------------1 
RETURN 
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5.17 PRJPLY 

r-
1 

I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

IF THE NUMBER OF PLANES EQUALS ZERO 1 
r 

FOR EACH PLANE I 
t 

- FOR EACH POINT ON EACH PLANE I 

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 

I 
L...! ----------

~ 

RETURN 
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5.18 PSE 

FORI= IHALFTOINDEX 
r-~-- 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~o 

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

REPRESENTSTHE PORTION OF THE CONTOUR 
WHERE X, Y:::: 0 z~o 

.. 

GENERATE THE REMAINING HALF OF THE CONTOUR 
LINE AND SAVE IN SEG. ARRAY. THIS SECOND 

HALF REPRESENTS THE PORTIONS OF THE CONTOUR 
WHERE X, Z~O Y!:O 

AND x~o Z, Y~O 

SET IPEN = 3 TO INITIALIZE THE PLOTTING PEN UP 

L __ _ CALL PNTPLT TO PLOT THE POINTS OF THE - CONTOUR LINE WITH HIDDEN PORTIONS REMOVE. 

v 
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5.19 XINTCP 

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

t 
IF Y1 ~0.0, CALCULATE PFACTOR AS ~~ 

t 
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. 

l 
RETURN 
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5.20 YINTCP 

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

' IF X1 =0.0, CALCULATE PFACTR AS 
Yl 

Xl 

' IF X1 = 0.0, SET PFACTR TO 0.0 

t 
CALCULATE DIFFERENCE BETWEEN SAVED AND INTERCEPT X 

VALUES. MULTIPLY THIS DIFFERENCE BY PFACTR AND ADD 
.IT TO SAVED Y COORDINATE. SET IT EQUAL TO YINTCP. 

t 
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) 

BDRS 

CONVEC(2,5,90) 

D(3,3,90) 

DEVFLG 

Real Array. Contains the ellipsoid 
matrices used in the following equation: 

+ + 
r • [A] r = 1 

Integer scalar. Constant that represents 
a particular graphics output system. 
Used with DEVFLG. Initialized in Main. 

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. 

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. 

Integer scalar. Represents VIEW program 
output device number. Read from input 
control file in Main. 
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DVP(3,3) 

DVP0(3,3) 

!COLOR (91) 

IDEBUG(80) 

IE(90,90) 

IELP 

I FLAG 

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 identification 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 BUILOIE. 

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 
PRJELR 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) 

POS(2,90) 

P0{3,4,60) 

RA{3) 

Integer scalar. Constant that represents 
off-line 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 
represent the polygon 
tial reference frame. 
subroutine CONVREC. 

vectors that 
sides in the iner
Initialized in 

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 
!CODE. These data are: 

!CODE = 0 
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angles are supplied in RA 
array •. Initialized in 
subroutine DRYCYPR. 



SEGLP(3,90) 

SFACTR 

SIGN(90) 

TERM 

TIME 

VP(3) 

ICODE = 1 

ICODE = 2 

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. 

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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VP0(3) 

VP2(3) 

ZTIME 

6.2 MAIN PROGRAM 

CTIME 

DTIME 

ETIME 

ID(lO) 

LUPLOT 

NF 

STIME 

X TIME 

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 prec1s1on 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 list 
fi 1 e. 

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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WORK(lOOOO) 

6.3 SUBROUTINE BUILOIE 

IOBJ 

KPLANE 

MFLAG 

MPLANE 

6.4 SUBROUTINE CLIP 

IPEN 

I PLOT 

LCALL 

X 

XLIMIT 

XLSAV 

XL TEMP 

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 list from subroutine 
PNTPLT. 

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

Integer scalar. Flag that tells CLIP if 
last call to CLIP was a pen up to first 
point in line. LCALL=O means it was, 
LCALL=l 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 

X TEMP 

y 

YLIMIT 

YLSAV 

YLTEMP 

YMAX 

YMIN 

YOFF 

YSAV 

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

Real Scalar. Constant that represents 
left side X limit 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 list from 
PNTPLT. 

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

Real scalar. Y coordinate of point to be 
plotted. Passed through argument list 
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 line 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. 

101 



YTEMP 

6.5 SUBROUTINE CONVREC 

DOD 

. DX(3) 

ISG 

NPPPP 

R(3) 

6.6 SUBROUTINE CROSS 

A(3) 

B(3) 

C(3) 

6.7 FUNCTION DET 

All 
Al2 
Al3 
A21 
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~. 

Real array. Vector in C=A*B. 
Real array. Vector in C=A*B. 
Real array. Result vector in C=A*B. 

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

Real scalar. Determinant of input 
array. 
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6.8 SUB ROUT! NE DOT and DOTT 

A(L,3) 

B(1,3) 

C(N,M) 

L 

M 

N 

6.9 SUBROUTINE DRCYPR 

A(3) 

D(3,3) 

I1 

I2 

I3 

M 

N 

p 

R 

RADIAN 

Real array. Array A in matrix nultiply 
C=AB. 

Rea 1 array. Array B in matrix rrultiply 
C=AB. 

Real array. Output of DOT(T), in array 
matrix multiply C=AB. 

Integer scalar. First subscript va 1 ue 
for arrays A and B. 

Integer scalar. Second subscript va 1 ue 
for array C. 

Integer scalar. First subscript value 
for array C. 

Real array. Contains rotation angles 
(degrees). 

Real array. Output of DRCYPR, contains 
direction cosine matrix. 

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

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

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

c 

Integer scalar. Constant of 6, size of T 
array. 

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

Real scalar. Pitch angle in radians. 

Real scalar. Roll angle in radians. 

Real scalar. Constant for degrees to 
radians conversion. 
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6.10 

T(6,3) 

y 

SUBROUTINE 

DEL TAX 

DELTAY 

IN(INDEX) 

INDEX 

N 

SIMP! 

SIMP2 

SIMP3 

TEMP 

TEST 

X 

ELIPSN 

X1(3, INDEX, INDEX2) 

Real array. Temporary buffer space used 
for matrix multiple. 

Real scalar. Yaw angle in radians. 

Real scalar. Semiaxes length 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. 1 
2 

a 
where 11a 11 is the 

semiaxes length in the X direction. 

Real scalar. 1 
2 

b 

where 11 b 11 is the 

semiaxes length in the Y direction. 

Real scalar. 1 
2 

c 

where 11 C11 is the 

semiaxes length in the Z direction. 

2 
Real scalar. The value of 1-X *SIMP!. 

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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y 

z 

6.11 SUBROUTINE EXTEND 

I 

I FLAG 

J 

KK 

N 

NUM 

P(3,2) 

P3(3) 

6.12 SUBROUTINE GENDCM 

CAMERA(3) 

D(3,3) 

Real scalar. Current Y coordinate, 
starts at zero. 

Real scalar. Current Z coordinate, 
StartS at 1 ength 11C 0 II 

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 
1 i ne. 

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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FOCUS(3) 

SUM 

XNDRM 

Z(3) 

6.13 SUBROUTINE HIDE 

!FLAG 

KK 

NPRIME(3) 

P3(3) 

P4(3) 

P5(3) 

P6(3) 

P7(2) 

PP(3) 

6.14 SUBROUTINE HYDE 

!FLAG 

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. 

Rea-l 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. 
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N 

R(3) 

6.15 SUBROUTINE INPUT 

BD(24, 40) 

CTIME 

DD (3) 

I CODE 

ISW1 

NFAST 

NSIDES 

NSP 

Integer scalar. Possible hiding 
ellipsoid number. 

Real array. Vector to plotting 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 
e.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 simulation data will 
be plotted. 

Integer scalar. Represents number of 
segm~nts 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 SUBROUTINE LSEGINT 

I FLAG 

M(2} 

P(4,2} 

P1(2} 

P2(2} 

R1(2} 

R2(2} 

T(2} 

6.17 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=O}. 

Real array. Contain the slopes 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 line R1-R2. 

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

Real array. Contains T ratio values, 
where 

XO - X1 T = X2 - X1 

Rea 1 array. 
C=AB. 

Real array. 
C=AB. 

Real array. 
C=AB. 

Array in 

Array in 

Array in 

Integer scalar. First 
for array A. 

Integer scalar. First 
for array B. 

Integer scalar. First 
for array C. 

matrix rrultiply 

matrix rrultiply 

matrix multiply 

subscript value 

subscript value 

subscript value 

Integer scalar. Size of array A. 
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MM 

NN 

s 

6.18 SUBROUTINE NFRAME 

ENDFRA 

LU 

M 

MASK 

N 

STATUS 

6.19 SUBROUTINE OVERLAP 

I 

III 

K 

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=O 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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P1(2) 

P2(2) 

R1(2) 

R2(2) 

6.20 SUBROUTINE PLPLN 

A 

11 

12 

INDEX2 

!PEN 

NSIDES 

NUM 

SEG(3,3000) 

6.21 SUBROUTINE PNTPLT 

I FLAG 

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 line is hidden. 
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INDEX2 

INUM 

IPEN 

I PLOT 

KK 

LFLAG 

NEWPEN 

NPTS 

P(3) 

PP(3,2) 

PPP(3) 

SEG(3,INDEX2) 

X 

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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XMAX 

XMIN 

XSAV 

y 

YMAX 

YMIN 

YSAV 

6.22 SUBROUTINE POLYD 

01(810) 

INDEX(G) 

J 

NUM 

SUMO! 

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 
lower (bottom) limit of the plotting 
region. 

Real scalar. Represents Y coordinate of 
previously plotted point. 

Real array. Equivalent with array 0, 
contains directional cosine matrices for 
the polygons. 

Real array. Contains constants used for 
transposing data elements in 0 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. 

A 

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

A 

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

IPEN 

NEWPEN 

X 

XLIMIT 

XMAX 

XMIN 

XOFF 

XSAV 

X TEMP 

y 

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 limit 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 line 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) limit 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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YSAV 

YTEMP 

6.24 SUBROUTINE PRJELR 

All 

A12 

A22 

00(3,3) 

000(3,3) 

LAMOAl 

LAMOA2 

Ml 

M2 

R(3,3) 

R2(2,3) 

RXl 

RX2 

RYl 

RY2 

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

Real scalar. Y coordinate (either YMIN 
or YMAX) where pen went out of the 
plotting region. 

Real scalar. Represents the a 11 
component of [a]. 

Real scalar. Represents the a 12 
component of [a]. 

Real scalar. Represents the a 22 
component of [a]. 

Real array. Array containing 
intermediate values for transposing A 
array to A'. 

Real array. Contains values of the A' 
array. 

Real scalar. Eigenvalue used to 
circumscribe ellipse with rectangle. 

Real scalar. Eigenvalue used to 
circumscribe ellipse with rectangle. 

Real scalar. Value representing major 
axis vector. 

Real scalar. Value representing minor 
axis vector. 

Real array. Contains X, Y,~and Z 
components of fi, rz, and r3• 

~ -Real :=1rray. Contains values of r1, r 2, 
and r3 on the projection plane. 

Real scalar. 

Real scalar. 

Real seal ar. 

Real scalar. 
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S{3) 

SS{3) 

6.25 SUBROUTINE PRJPLY 

NPTS 

PP1{3) 

PP2{3) 

PPP2{3) 

6.26 SUBROUTINE PSE 

I HALF 

IN 

INDEX 

INDEX2 

!PEN 

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=l, semiellipsoid with X ) 0 
plotted, IHALF=2, semiellipsoid with 
X < 0 plotted. 

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

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 loop 
which runs the loop backwards. 

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

NPTS 

SEG(3,INDEX2) 

X1(3,INDEX,INDEX) 

6.27 SUBROUTINE ROT 

A(M,3) 

c 

L 

M 

s 

TH 

6.28 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=l, 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 equ~tions found in this appendix. 

6.29 SUBROUTINE TITLE 

ID(10,20) 

NFRAME 

Integer array. Contains text for title 
frame. 

Integer scalar. Number of title frames 
to plot. 
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NLINE 

SIZE 

X 

·Y 

6.30 SUBROUTINE TPOINT 

I 

IN 

NPTS1 

PP1(3) 

PP2(3) 

R(3) 

SIGN2 

6.31 SUBROUTINE TRANS1 

DD(3,3) 

P(3) 

R(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 like 
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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R2(3) 

SEGLP2(3) 

6.32 FUNCTION XINTCP 

PFACTR 

X 

Xl 

XINTCP 

XSAV 

y 

Y1 

Y2 

YSAV 

YTEMP 

6.33 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 e.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 line X, Y - XSAV, YSAV. 

Real scalar. X coordinate of second end 
point of line 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 Ellipsoids." 
Variables in XYZ correspond directly to the equations in this 
appendix. 
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6.34 FUNCTION YINTCP 

PFACTR 

X 

Xl 

X2 

XSAV 

X TEMP 

y 

Yl 

YINTCP 

YSAV 

6.35 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 
Xl. 

Real scalar. Difference between XTEMP 
and XSAV. 

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

See Appendix B, 11Hidden 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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7.1 Subprogram Cross-Reference Chart 

---tALLiNG _______ i_M_nrc-c_c_o_o_o_o_e_e_6_H_H_i_t_~_N_o_P_P_?_?_?_?_?_R_s_s_r_r_r_x_x_v_v_ii 
ROUTINE A U L 0 R E 0 0 R L X E I Y N S A F V L N 0 R R R S 0 0 0 I P R I Y I Z 

I I I N 0 T T T C I T N D D P E T R E P T L E J J E T L L T 0 A N Z N 

CALLED 
• ROUTINE FREQ 
I 

N L P V S T Y P E D E E U G A R L P Y P E P V V L I N T T 
D R S P S N C T I M L N l D l l l A R E N S C C 
I E RNDM NEAT TRY T1P P 
E C T P 

·----------------- --------------------------------------------------------------------------
!BUILD IE 

CLIP 
CONVREC 
CROSS 
DET 
DOT 
DOTT 
DRCYPR 
ELIPSN 
EXTEND 

'GENDCM 
HIDE 
HYDE 
INPUT 
LSEGINT 
MAT 
NFRAME 
OVERLAP 
PLPLN 
PNTPLT 
POLVD 
PREPLT 
PRJELR 
PRJ PLY 
PSE 
ROT 
SOL VA 
SOLVR 
TITLE 
TPOINT 
TRANS1 
XINTCP 
xvz 
YINTCP 

• yz 
! z 

1 
3 
1 
2 
4 
9 
3 
1 
1 
1 
1 
2 
2 
1 
1 

16 
2 
3 
1 
2 
1 
3 
1 
1 
2 
3 
1 
3 
1 
2 
3 
3 
1 
3 
1 
1 

I I 

1 

1 

4 
1 1 

1 

1 

2 
1 

1 

1 

1 
1 
2 

1 

3 

2 

2 

1 
1 

2 

3 

3 

2 

2 2 2 1 
1 1 1 

1 

1 
1 

1 
1 

1 
2 4 3 1 2 

1 

1 1 

3 

1 
3 

1 1 
1 2 

1 
1 

1 
1 
1 

·-----------------·--------------------------------------------------------------------------
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7.2 Common Block Cross-Reference Chart 

----------- -----------------MAIN .. * * * * * * 9UILDIE * * * * 
CLI? 
CONVf?EC ! * * * * * CROSS I 

DET 
DOT 
DOTT 
DRCYPR 
~LIPSN * 
EXTEND * * * 
GEN!>CM 
HIDE * * HYDE * 
INPUT ! * * * * * * * * * 
LSEGINT I 

MAT 
NFRAM£ 
OVE.~LAP * PLPLN * * * * * 
PNTPLT * * * 
POLYD * * .P?.t:PLT 
PRJELR * * 
PRJ PLY * * 
PSE 
ROT 
SOL VA 
SCLVR 
TITLE * !TPOINT 

! T~ANS1 * * 
!XINTCP 
!XYZ 
!YINTCP 
! y l 
! z 
I I I ·-----------·-----------------· 
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7.3 Variable Cross-Reference Chart 

-------------------------------COMMO~l ! A ,. 
" r:- I p p R V! ... iJ .... 

5LOCK ! T 0 3 L :II l :) E I ! 
! g N u L T T L M ~I c: • 

E G I - T y 0 '"' ! c ? ., ..:; v P! " 
T s s 0 E 

E N 
VAlUAgU: 

I ·----------- -----------------! A * !3DKS * 
!CONV:C * 
!D * 
!:>::VFLG * 
!OV? * 
!DV?O *! 
!!COLOR * ! 
! !1)"::.3UG * J T ~ 
• J. = * 1 IEL 0 * 

IF L.l\ G * 
!1\JT * 
I:=i€MJV * 
IIJ=> * 
;"'lPL * NIE * 
~IS-3 * NO * N?LJl.;\1= * 

.NP?P * 
.'l?.c{~~ * 
NS':G * 
NST':PS * 
OFLIN= * ' CFS:TX * 1 

O'=SETY * 
O~L!N=. * 
? * 
?L * 

1 ?CS * 
?0 * 
RA * 
3~GLP * 
SFACT.:t * SIGN * 
TERM * 
T I~.c * 
V? * VPO * VP2 *! 
rTIME * 

I ----------- -----------------· 
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8.0 VIEW PROGRAM SOURCE LISTING 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

PROGRA;-'1 VI!" 
C~M~ON/PLTT/SFACTR,INT,TIME,ICOLO~C91),0FSETX,~FSETY,ZTIME 

COM~O~/INTERS/ NIE(9Q),I~(9Q,~0) 

CO~~O~/!LLIPSE/~STEP!(9~),IELP,A(3,3,30>,SEGLP(3,9Q),VPC3), 
*D(3,3,9~),DVP(3,3),~A(J),NSEG 

C~MKON/POLYGO~/NPLANE,IFLA~,NPPP(9J),p0(3,4,60),P{3,4,6J), 

*CONVEC(~,4,yQ),~JS(2,yQ),S!5~(90) 

CJ~MO~/ATd/Pl(17,30) 
CO~~ON/VIE~?/V?0(3),0VP0{3,3),!V 0 ,VP2{3) 

COMMON/JuJG/IDEBUG(~Q),~ISG,DEVFLG,ONLI~~,TER~,3DR~,OFLI~E 
DIMENSION WORCC1DG00) 
OIME'<SION IDC1J) 
I~TEGER ~EVFLS,ON~INE,TERM,ED~S,OFLINE 
DCU3LE PRECISIO~ ZTIMf,CTI~E,STI~E,DTIME,ETIME 

PROGRAM VIEW VERSI0N 1.1 
WRITTEN 8Y SRL IN SUPPORT OF THE 
MATHEMATICS AND ANALYSIS 3RANCH OF A~Rl 

AT ".iPAF9. 

MARCH ?,1903 

STORED ON TAPE1 THAT IS OUTPUT FROM THE ATSM VERSION V5D. 

THIS PROGRAM USES CONTOUR L!N!S TO REPRESENT THE 3-0 PROPERTIES OF 
THE DATA ON TAPE1. THE CONTOUR LINES ARE PLOTTED ON PAPER THAT 
REPRESENTS THE PROJECTION ?LANE. THE POINTS THAT CO~POSE A CONTOUR 
LI~E IN 3-SPACE ARE PRCJECTED THROUGH A POINT ON TO THE PROJECTION 
?LANE. 

CURRENTLY THERE ARE TWO CLASSES OF OBJECTS THAT ARE PLOTTED USING 
COHOUR LINES. 

CLASS 1 - ELLIPSOIDS 
ELLIPSOIDS A~E USED TO RE 0 RESENT 90DY SEGMENTS. THIS PROGRA~ ALLOWS 
ELLIPSOIDS TO BE IM5EDOE~ IN OTHER ELLIPSOIDS. 

CLASS 2 - CONVEX POLYGO~S 
CONVEX POLYGONS ~RE USED TO REPRESENT 03J!CTS THAT CAN 3E DEFINED 
3Y A SET OF PLANES. ALL POLYGONS DEFINED OY THE INPUT ~UST SE 
CONVEX POLY50~S; CONCAVE POLYGONS CAN BE O~TAINED USING A 
C0~3IN4TI~N OF CO~VEX POLYGO~S. 

THE HID~EN LINE ~CUTINES CHECK FOR POINTS HID~EN 9Y 
ELLIPSOIDS 0~ PCLYGO~S. ThESE ~OUTINES ~UST CHEC~ 
FOq A~Y PCSSiaLE ~3JECT THAT MAY 3E 6LOCCING THE 
CURRENT POINT AS SEEN FROM THE VIEw~OINT. 

IN O~~iR TO ELI~IN~TE CHECKI~G All 03JECTS FOR 
EACH POI~T, SU3ROUTI~~S ARE I~CLUDEO IN THE 
VIEW PRO~RAM THAT PETECT 05J5CT OV~RLAP ON THE 
PROJECTION PLA~E. 5EFORE TriE PLOTTING ?HASE CF THE 
VIEW P~~~RAM, OaJECTS ~HIC~ OV~QLAP EACH OTHER ON 
THE ?ROJECTIO~ ?LANE ARE RECOR~ED IN THE IE ARRAY. 
DU~IN~ ThE ~LOTTIN~ ?HASE OF THE VI5W ?ROGRAM, THE 
IE AR~AY IS REORDERED TO DECREASE THE SEARCH TIME 
FOR laJECTS THAT MAY 8E BLOC~I~G THE C~RRENT POINT 
BEING ?LOTTED. TH~ ASSU~PTION USED HERE IS - IF AN 
08JECT ~LOCKED THE PREVIOUS ?CINT ON A CO~TCUR LINE 
THE~ THAT 03JECT P~oa•9LY aLo:~S THE ~EXT POINT 
ON THE CONTOUR LINE. 

LUPLOT=3 
O:.tliNE=1 
TERM=2 
NF=O 
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1 
2 
3 
4 
5 
6 
7 
3 
:; 

10 
11 
12 
13 
14 
15 
15 
17 
1S 
19 
2J 
21 
22 
23 
24 
25 
25 
27 
28 
29 
30 
31 
32 
:::3 
34 
35 
36 
37 
33 
39 
40 
41 
4~ 

43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 
55 
56 
57 
53 
59 
6J 
51 
52 



OFL~:-IE=3 

30ilS=4 
~EA,(5,130) DEVFLG 
WiliTE(6,130) OEVFLG 

13~ FCi<;>:AT(I1> 
... .. 

c 

I~ (OEVFLi.E~.1.0~.0EVFLG.E~.3) CALL PLJTS(Q,O,LUPLOT) 
IF (DEVFL~.E~.z.oq.OEVFLG.EJ.~) C~LL PLOTSCa,O,LU 0 LOT) 

Ii'LAii = C 
CALL TITLE 
ilEAD(5,2JC> CID(!),I=1,10> 
W~ITE(6,2JJ) CID(I),I=1,1Q) 

200 FO~~ATC10~4) 
RE~D(5,150) STI~E,)TIME,ETIME 

150 FJR~AT(3D10.0) 
CTI~E=STI~E-OTI~E 

ITI~t=CTI~:*1000000.00 
CTI~E=ITIKE/1000JOO.DO 
READC5,1ZS> I~E3UG 
~~ITE(o,125) !DEBUG 

125 FCRr:ATC30I1) 
100 CONTINUE 

JCLA~ = IFLAG + 1 
CiiME=CTI~E+OTI~E 

ITI~E=CTI~~*100QJJO.DO 
CTI~E=ITI~E/1000000.00 
IF(CTIME.iiT.ETI~E) CALL PLOTCQ.,Q.,999) 
tfCCTIME.GT.ETIME) STOP 
C~LL INPUT(CTI~E) 
I~CIFLAG.E~.10) GO TO 100 
IF(OEVFLG.Ew.CFLI~E.OR.DEVFLG.EQ.SORS) CALL NEWPE~(ICOLCRC91)) 
XTI~E=ZTI~~•10Q~.O 
!'4F=NF+1 
wRITE (6,1 JJO)Nf 

1000 FJ~~ATC' MAI~ - PPOCESSING FRA~E #',14) 
CALL PLOTCIJ.,Q.,-3) 
CALL SYXSOL(.5,10.Q,.3JS,IO,Q.,35) 
C~LL SYM~OL(.S,~.J,.33S,'TI~E(~SEC)',Q.,1J) 

CALL NU~3ERC3.!5,9.0,.335,XTI~E,Q.,-1) 
C4LL ~ATC,VPQ,~(1,1,!VP),~V~,3,~,3,3,3,3) 
CALL DOT(D(1,1,IV?),V?O,VP,3,1,3) 
DO 1u K=1,3 

10 VP(~)=VP(K)+SEGLP(Y.,IV?) 
CALL M~TCDVr,VP,VP2,3,3,1,3,3,3) 
C.~LL CO!WREC 
CALL =>;!JPLY 
C.<LL PRJSLR 
CALL ?CLY~ 

CALL S:JILHE 
IFC!DE3U:C1).EQ.1) wRITE(6,350) C~IEC!),I=1,9u) 

IFCIOE3U~C2).EQ.1) WRITEC6,35J) ((IEC:,J),I=1,9J),J=1,90) 
350 F~R~AT(,7J(30(1X,I2)/)) 

Dl) 30 I!<=1,NSEG 
IFC~EVFLG.EQ.OFLI~~.OR.DEVFLG.E~.eORS) CALL NEWPENCICCLORCI!<)) 
IEL 0 =IK 
INDEX=NSTE?S(l!<)+1 
INJEX2=4*I~DEX-3 
IX1=1 
IIN=3•INJEX~INDEX+IX1 

I 3 E ~=!It~+ INDEX 
CALL ~LI 0 S~CI!'4,EX,WQQ!<(!X1),WOD~(IIN)) 

CALL PS5(~JR!<(IX1),~0RKC:IN),WO~!<CISE~),INDEX,INDEX2,1) 
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63 
64 
65 
66 
67 
68 
69 
7J 
71 
72 
73 
74 
75 
75 
77 
7a 
n 
80 
81 
82 
B3 
34 
135 
66 
87 
38 
89 
oo 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
1C.:! 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
115 
117 
11!! 
11Y 
121) 
121 
122 
123 
124 
125 



CALL PSEC~O~KCIX1),~CRKCIIN),WORKCISEG),IN~EX,IND2X2,2) 
3 0 C 0 •; TI '< U c 

C~LL PLPLNCWORK,INDEX2) 
IF(D VFLG.E~.3DRS) CALL NF~A~E 
If(D VFLG.EQ.~FLIN!.O~.D2VFLG.E9.J~LINE> CALL PLOT C12.,~.Q,-3) 
IF(!> VFLG.EQ.T!~~) CALL ?LOTC8.,1.,-3) 
GO T 10G 
'.::'\!> 
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126 
127 
128 
129 
130 
131 
132 
133 



SU3~0UTINE 5UILDIE 134 
c 135 
C O~CE THIS SUgROUTI~E !5 CALLE~ ALL OBJECTS ARE REPRESENTED 9Y 136 
C ~OLYG~NS PROJECTE' ON THE VIEWPOINT ?~OJECTION PLANE. 137 
C THIS SUJRO~T!N~ ~ILL quiLD THl IE A~O ~IE ARRAYS. 133 
C ~E~<<> REPRESE~TS THE ~EMBER OF E~TPIES I~ THE IE(I,K) ARRAY FOR 139 
C J~JcCT K. 140 
C THE IE(l,K) A~RAY C1~TAI~S O~JE~T ~~M~E~S FOP 03JECTS THAT JVERLAP 141 
C !:-4 THE PRCJECTI0:~ PLANE. 142 
C FQq ~XAMPL2, 1~(1,2> ~ISHT tO~TA!N A 3 ~Y!CH MEANS 03JECT 3 143 
C O~E~LAPS ~!TH 03JECT 2. 144 

CJMMON/POLYSON/N?LANE,IFLAG,NPPP(9C},PQ(3~4,6C),p(3,4,6J), 145 
•CJ~~EC(z,4,9Q),PQS(Z,iQ),Sl~N(9Q) 1'5 
COM~ON/~LLIPSE/NSTE?S(9J),IEL?,A(3,3,3Q),SE~LP(3,~Q),VP(3), 147 

*D(3,3,9Q),OVP(3,3),~A(3),NSEG 148 
COM~ON/INTERS/ ~IE(90),~E(90,9J) 149 
CO~~ON/RE~OVE/NPRE~,I~E~OV(30) 150 
DO 5 I=1,i0 151 
NIE(I) = 0 152 
DO 5 K=1,90 153 

5 IE(I,K) = 0 154 
IFCNSEG .EQ. 0) GO TO 60 155 
~J 55 ~=1,NSEG 156 
l~(NI:(I) .NE. 0) G~ T~ 1C 157 
~IE(I) = 1 158 
IE(1,!) = I 15Q 

10 r~aJ = I + 1 160 
IF(I.EQ.NSEG) GO TO 31 151 
D~ 30 K=I09J,NSEG 162 
CALL OVEPL~P(I,K,MFLAG> 163 
~F(~FLAS .E~. 0) GO TO 30 164 

c 165 
C YES, TH:~E IS OVE~LAP 5~T~EEN I ANO K 166 
c 167 

IFC~!:CK) .NE. Q) GO T~ ZQ 168 
NIE(K) = 1 169 
I2(1,K) = K 17~ 

20 NIE(K) = NIE(K) + 1 171 
~;Ii;(I) = "liE(I> + 1 172 
IECNIE(l),I) K 173 
IEC~!E(K),K} = I 174 

3Q tO~TI~UE 175 
31 CONTINUE 176 

IF(NPLANE.E~.Q} ~0 TO 55 177 
!D3J = NPLANE + 3~ 17e 
DO 50 K=~1,IC3J 179 
~0 2CC LT=1,N?PE~ 1~0 
IF(K-30.E~.IRE¥.C~CLT)) ~0 TO 50 131 

200 CC~TINUE 1e2 
C~LL OVE~LA?(I,K,~•LAG) 183 
IF(~FLA~ .EQ. O> GO TG 50 184 

c 135 
C YES, THERE IS ~VERLAP 3ET~EE~ I A~D K 186 
c 1~7 

N~E(K) = ~IE(K) + 1 13~ 

NI2(I) = NIE(I) + 1 139 
IEC~IE(I),I) = K 19J 
IE(N!ECK),K) = I 1~1 

50 CONTINUE 192 
55 ~J~TI~UE 193 

c 194 
C ~0~ CHECK PLANE ~SAINST PLANE 195 
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c 

3GO 

60 IFC:\?U~;E .LS. 1> RETURN 
~PLA~E=~PLAN!+2~ 
(?LA~E=~?LAN~+l~ 
~~ 1JC I=31,~PLA~E 
~~ 3CJ LT=1,NPR£~ 
IF(I-2;.E~.IRE~:VCLJ)) GO TJ 100 
C~r.TINU£ 

!OSJ = I + 1 
D0 400 K=I03J,KPLANE 
CALL OVcqL~P(I,K,~FLAG) 
If(~FLAG .E;. O> GO TO 40J 

C Y~S, THERE IS OVERLAP SET~EE~ I A~D K 
c 

N!E(K) = ~IE(K) + 1 
~IECI> = NIE(I) + 1 
IE('H5(I)d) K 
IECNIE(I(),K) = I 

400 CO"lTINlJE 
1 OJ CONTI:'IUE 

RETURN 
END 
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1H 
197 
H5 
19;1 
200 
2C1 
2C2 
2:J3 
2C4 
205 
2)6 
2a1 
~·J3 
21)9 
210 
211 
21~ 
213 
214 
21 5 
21!> 
217 
218 



SUBROUTINE CLIP(X,Y,XSAV,YSAV,X~IN,X~AX,YM!N,YMAX,IPEN,IPLOT) 

c ***•**********************·******************** 
c 
C THIS SU3~0UTINc CLIPS PLOTTI~G OFF 90TH ENDS OF THE CALCOMP JRU~ 

c 
c **********************•••··-····•••*********** 
c 

c 

LOG:CAL XOFf,YOFF 
:>AT.t. LCALL/0/ 

C DETEq~I~£ If X A~~/~R Y CLIPPING AN) If Off TO?,S0TTO~,LEFT, 
C OR qrGHT Of PLOTTE~ 

c 

c 

XOFF=.FALSE. 
YOFF=.FALSE. 
IF (X.LT.XMI~.OR.X.GT.X~AX) XOfF=.T?UE. 
IF CY.LT.Y~IN.O~.Y.GT.YKAX) YOFF=.TRUE. 
IF CX.LT.X~I~) XLI~IT=X~IN 

IF CX.GT.XMAX) XLI~IT=XMAX 

IF CY.LT.Y~INJ YLI~IT=YMIN 

IF CY.GT.Y~AX) YLI~IT=YMAX 

C IF PREVIOUS CALL TO CLIP WAS A PEN UP TO 1ST POINT IN SE~MENT, 
C I~TE~?OLATE USI~G ~E~ AND SAV~D CO~~D.'S, MOVE ?EN, RESET SAVE 
C VALUES FOR X+Y ?OI~TS, AND CO~TI~UE 

c 

c 

IF {LCALL.EQ.O) GO TO 10 
IF {XOFF) YLTEMP=YINT:P(X,y,xSAV,YSAV,XLIMIT) 
I~ (.NOT.X?FF) YLTE~P=YLIMIT 
IF CYOFF) XLTEMP=XI~TCP(X,y,xsAV,YSAV,YLIY.IT) 

IF (.NOT.YOFF) XLTEMP=XLIMIT 
I~ (XLTE~D.LT.X~IN) XLTE~P=XMI~ 

IF (XLTE~?.GT.XY.AX) XLTE~ 0 =XMAX 

If CYLTE~P.LT.YMIN) YLTE~?=Y~IN 
IF CYLTE~P.GT.Y~~X) YLTE~?=Y~AX 

CALL PLOTCXLTEr 0 ,YLTE~?,3) 

X5AV=XLTE:>IP 
YSt..V=YLTEMP 
LCALL=O 

C IF 1ST PCINT Of SEGMENT AND PE~ UP, SAVE THESE COORD.'S, SET 
C FLA~, ANC EXIT 
c 
10 CONTINUE 

c 

IF (!?LOT.NE.1.0q.!?EN.~E.3) GO TO 20 
XLSA'J=X 
YLS~V=Y 

LCALL=1 
I?LCT=~ 
~ETURN 

C DJ ~E ~A~T TC PLOT? 
c 
20 cor...TDUE 

IF CIPLOT.NE.1> ~0 TO 30 
c 
C ~ETEq~INE X AND Y COORDINATE~ TO PLOT TO 
c 

IF CX~F~) YT~~?=YI~T~P(X,Y,XSAV,Y5AV,XLI~IT> 

IF (.~DT.X:FF) YT5~P=YL!~IT 
I~ CYJff) XTE~P=XI~TC?{X,Y,XSAV,YS~V,YLIMIT) 
li (.~OT.YOFF) XTE~D=XLI~IT 
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219 
220 
2 21 
222 
223 
224 
225 
226 
227 
223 
22~ 

230 
231 
23Z 
233 
234 
235 
236 
237 
~33 
23~ 

240 
2 41 
242 
243 
244 
245 
246 
247 
243 
249 
250 
251 
252 
253 
254 
255 
255 
257 
25 s 
25 j 
26') 
261 
262 
263 
264 
265 
26.S 
267 
:?63 
269 
270 
271 
272 
273 
274 
275 
276 
277 
273 
279 
23:J 



c 
C PLOT OSLY TH~ FIRST SEG~EST AFTER CLIPPI~G DETERMINE~, IGNORING 
C All SEG~ENTS AFTER UNLESS ~EN TC 3E LIFTED. 
c 

33 CJ~TINUE 
I?LOT=O 
R~TUR~ 
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c 
c 
c 
c 

SU~~OUTI~: CONVQEC 

THIS SU8RCUTIN2 CO~VE~TS ~:CTANGLES I~ TH2 AT~ 

SI~ULATIO~ FOR~AT TO PCLY~O~S IN THE VI~W PLOTTINS FOQ~AT. 

0!'1E'~SIO!~ 'JX(3) 
CO~~C~/POLYGON/NPLA~E,IFLA~,N?P?(9Q),pJ(3,4,60),~(3,4,6J), 

*CO~VECC2,4,9Q),P0S(~,9G),S!~~(9J) 
COM~~N/CC~EtT/ ~?,MPL(3,5,6J) 

CO~~GN/~~U~/IDE3U~(30),N!S~,CEVFLG,O~ll~E,TER~,!~RS,OFLI~E 
CO~X~N/~LLI~SE/N5TE?S(90),IELP,4(3,3,3D>,SEGLP(3,9')),V?(3), 

*)(3,3,9Q),~V?(3,3),RA(3),~SEG 

INTEGE~ DEVFLG,O~LINE,TERM,909S,QFLINE 

IF(NPLA~E.EQ.Q) RETURN 
IF(I'JE2UG(4).NE.O> ~?.ITE(6,50) 

50 FORMAT(1H1,'PLANE I~FOR~ATION',/,1H ,17(1M*)) 
DO 100 J=1,NPLANE 
IF(J.GT.NP) GO TO 15 
IF(IFLAG.NE.1) GJ TO 15 
DDD=DET(PL(1,J),Pl(2,J),PL(3,J),PL(8,J),PL(9,J),PL(1~,J), 

PLC13,J),PL(14,J),?L(15,J)) 
~X(1) DET(PL(4,J),PL(2,J),PL(3,J),pl(11,J),PL(~,J),pl(10,J), 

PL(i~,J),?L(14,J),PL(1S,J)) 

DX(2) DET(PL(1,J),PL(4,J),PL(3,J),PL(8,J),pL(11,J),pL(1Q,J), 
PLC13,J),PL(16,J),pl(15,J)} 

0X(3) = DET(PL(1,J),PL{2,J),pl(4,J),PL(8,J),~L(9,J),PL(11,J), 
PLC13,J),PL(14,J),?L<16,J)) 

DO 10 I=1,3 
TEi~?=DX(I) /i>::>O 
PJ(I,1,J)=TEMP 
P0(I,2,J)=PL(I+7,J)*PL(12,J)+TE~D 

PQ(I,3,J)=PL(I+12,J)*PL(17,J)+~C(I,2,J) 

10 PJ(i,4,J)=PL(I+12,J)*PL(17,J)+T5~? 
15 CJNTINUE 

r s:; = r~ !"'- < 1 , 1, J > 
IF(ISG.EQ.J) ISG=NISG 
IFCIDE!UG(4).NE.O> ~~IT!(6,20~) I3~ 

20C FORMAT(1X,'rS:;:•,r2> 
D·J 20 L=1,!, 
CALL D~T(0(1,1,ISG),PQ(1,L,J),o,~,1,3) 

:>IJ 20 ~=1,3 

P(i,L,J)=~(I)+:;cGL 0 (!,ISG) 

2J CONTI'<UE 
IF(J.LE.N?> NP?~(J+30>=4 
IF(I~!3UG(4).~E.G) ~qiT~(5,3J00) 

3000 fQq~AT(1X,30(1H*)) 
IFCIDES~G(4).N5.Q) ~RIT!(6,20Q0) J 

2GJO F~R,ATC3X,'?LANE NU~2ER = ',IJ) 
J J =J 
~PPD?=NPPP(J+30) 

IF(IDE3UG(4).NE.0) WRITE(6,1~J~)((P(I,~,JJ),I=1,3),K=1,N°PP?) 

100G FCR~AT(3X,F7.~,3X,F7.2,3X,F7.2> 
100 CO.'lTHiUE 

RET~R·~ 

END 
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29Q 
291 
292 
293 
2~4 

2?5 
V6 
2H 
293 
277 
3CJ 
301 
302 
303 
334 
305 
3~~ 
'307 
3')3 

309 
31') 
311 
31 ~ 
313 
31 4 
31 5 
316 
317 
318 
3H 
320 
321 
322 
323 
324 
325 
326 
327 
323 
32Q . 
338 
331 
332 
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334 
335 
336 
337 
333 
339 
340 
341 
342 
343 
344 
345 
346 



c 
SU3ROUTI~! CROSS(A,~,C) 

C~M~UTES V~CTOR CROSS P~OOUCT C=A(3 
JIMENSIO~ AC3),3(3),C(3) 
C(1)=A(2)*3(3)-A(3)*0.(2) 
C(2)=A(])*3(1)-A(1)*e(~) 

~(3i=A(1)*3(2)-A(2)*8(1) 

!ET'JR~ 

t:;'D 
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34Y 
~SJ 
351 
352 
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354 



FUNCTION DETCA1.1,A12,A13,A21,A22,AZ3,A31,A32,A!3) 
DET=A11*(A22•A33-A23•A32l-412*(A~1*A33-A23*A31) 

1+A13*(A21•A32-A22•A31) 
PET:Ji!N 
£;~ D 
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SU3ROUTINE DCT(~,a,c,N,~,L) 36~ 

C REV 03 OS/31/73 351 
C ?~~FO~~S ¥,\T~IX ~ULTIPLIC4TION C = A'3. 362 
C IF 4 A~D ~ AR~ VECTOQS, C IS THE 'OT PPO~UCT A.3 363 
c 364 
c ~i):;u•;c::;rs: :!65 
C A: ~~!qiX JF SIZE {L,~). 366 
c a: YAT~Ix o~ sr:: CL,M>. ~67 

C C: ?~OJUCT ~ATRIX ~F SI:E (~,~). 363 
c ~,~,L: srz~s JF ~~r~r:::s a,s,c. 369 
:: 370 
C ('lOTi:: SlEHOUTBI':: A33UMc;j. T'iAT THf: fiRST !li:-lEN'>I0'-1 371 
C ~F A,d A~J C I~ THE :ALLIN~ PROGRA~ IS L,l A~~ N.) 372 
c 373 

~IXENSIO~ ACL,1),3(L,1),C(N,1) 374 
~0 10 I:1,1\1 375 
~c 10 J:1,·1 376 
CCI,J) = •J.O 377 
!>0 10 K=1,L 373 

10 cc:,J> = C(I,J) + A(K,:)*3(K,J) 379 
~::TURN 3'10 
END 391 
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c 
c 
c 
:: 

P~~FCR~S ~ATRIX ~ULTIPL!CAT~O~ C = Aa' 
IHC:'lC: O!'IE'~SIOi\3 A?E II(•.,L) ,_ 3(~,!..) A~j C (N,"1). 

~IMC:~3IO~ A(~,1),3(~,1),C(N,1) 

D:l 10 !=1,~ 
:;o 10 J=1,'! 
CC!,J)=~. 

OJ 5 K=1,L 
5 C(I,J = A(I,~)*~(J,K)+C(I,J) 

12 co:Hr u:: 
R::.TJR 
E'OD 

135 

REV 01 11/20172 
3?2 
3~3 
334 
3~5 
336 
337 
3~C: 
3~0 

39:: 
391 
392 
3?3 
394 
395 



c 
c 

c 

;l!:V 03 07/08/i'4 
SETS UP 3X3 DI~E:TIO~ COSI~~ MArq:x FO~ GIVEN YAW,PITCH A~O ROLL. 

Ai\GU~:r.:TS: 

D: 3X3 D!RECTI?\ COS!N~ ~-T~IX TO ~~ C0~ 0 UTE:>. 
A: Aq~AY o~ LE~:T~ 3 CONT~:NI~~ ~:r~TATIO~ ~~~LES (DEG~EES). 

!1: A~IS CF ~:T•TIJ~ FJ~ l~T ~NSL (1,:,3 x,y,z) 
12: ~XIS OF q)1ATI0~ FO~ 2S~ A~:L (1,~,3 = x,y,z) 
I3: AXIS :F ~OTATIO~ FO~ 3~D A~GL (1,2,3 x,y,z) 

JI~~~!!C\ l(J,J),A(J),T(6,3) 
~·D:AN=.01745329251~~433 
Y A(l)•qAOIAN 
? A(2)•RAOIAI; 
~ .\(3)*~Ail!o\N 

~ 6 

"' 3 oo 10 r=1,J 
:>0 5 J=1,J 
ocr,J>=IJ. 

5 T(I,J>=C. 
T{Id)=1. 

10 oc:,r>=1. 
IF{Y.~Q.O.>~O TJ 20 
CALL JOT(T,I1,y,~) 

DC 15 I=1,3 
DJ 15 J=1,3 

15 D(I,J):T(I,J) 
20 IF(P.EQ.~.O)GO TO 30 

CALL q~TCT(4,1),l2,p,~) 

CALL ~AT(T(4,1),T(1,1),il(1,1),3,3,J,~,~,N> 

:>c 25 !=1,3 
:>0 25 .!=1,3 

25 T(I,Jl=O(l,J) 
3G IFCR.EQ.C.O) ~0 TO 40 

C~LL ~J7CTC4,1),I3~~,~) 

CALL ~AT(T(~,1),J(1,1),J(1,J),J,3,3,~,~,N) 
~0 CC'HI'.JU: 

P.~TUR;~ 

Eo.;o 
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c 
c 
c 
c 
c 

SV3~0~TI~E ELIP3~CI~DEXrX1r!N) 

********•*******•*•******•******************** 

THIS SUER0UTINE ~~NERATES 1/4 JF'THE 'CONTOU~.LINES FOR A~ ELLIPSOID 

J:v::~SI~~ X1C3,I~JEiri~JEX)riNC!~DEX) 
C 0 '1'1 0 •; I :: L L I P $ E I~~ 5 T:: !" :; C9 Q) , : ::: :.:;:>, A ( 3, 3 , 3.')) ; S E G L P ( 3, t;' 0) , V P ( 3) , 
~l{3r3r9~)rD~~(3r3)r~-(J),~SES 

·::LT~X=S~~T{1/AC1r1r!ELP))/NSTEPS(IELP) 
~ELTAY=i~~T(11AC2r2riEL?))/~STE?SCIEL 0 ) 
SII"'P1 AC1r1rEL?) ' 
SI~P2 = A{2r2riEL?) 
5!~?3 = AC3r3riELP) 
o:: 101 L=1 ,IN:> EX 
l(=(i...-1>*i>ELTAX 
~J=O 

DJ 5G IC=1ri!I:D:OX 
Y=CK-1)*DELTAY 
TE~, = 1-X•X*SI~P1 
TE3T = TE~P - Y*Y*SI~?2 
:II=N+1 
IFCTEST.LT.O.~) GO TO 100 
L = SORT(TESTISIM?3) 
x1 (1,r;,u=x 
X 1 ( ;: , :~, U = Y 
x1 o,r;,u=z 

50 C::NTINl!E 
GC TO 101 

100 Y = S~~TCTE~~/SI~ 0 2) 
X1 (1,:-i,U=X 
X1 (2,!\,U=Y 
X1 C3rt-.:,L>='J.O 

101 l'dL>="l 
RnURN 
:::NJ 
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467 
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472 



c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

SUSROUTI~E EXTE~O(P,I,J) 

CJ~~O~/INT~~S/ ~IEC9~),I~(9 ,90) 
COM~~N/ELL!?Sc/NSTEPSC?J),I L 3 ,A(j,3,3Q),SEGLP(3,9~),VP(3), 
*~(!,3,9J),DVP(3,3),~A(3),NS ~ 

OI~E~SIC~ ?(3,2),?3(3) 
c:~~C~/PLTT/SF~:Te,I~T,TI~~,!COLC~C91),QFSETX,QFSETY,zTI~E 

~··********•••········~**•*************** 

THIS SU3ROUTI~E F!~J5 ~ ~~~P~I~T FOR A LINE THAT 
~E~IN3 ON PC1> A~O E~~5 0~ ?(~). 

THIS ~£~ POINT IS CYcC(ED 3Y sug~OUTIN~ HY~~. 

IF IT IS HID~E~ T~E~ P(I)=~~ 
IF IT IS ~~T HI~OEN THEN ~(J)=?3 
THIS ALGC~ITH~ IS ~TERATED INT TI~ES. 
UPO~ LEAVIN~ EAT~~D- ~(I) ~ILL CONTAIN THE RESULT. 

~OTE: P ARPAY IS CHAN~EO ~y TrliS SU9ROUTINE. 

*********~****••************************* 
DO 3 IN=1,INT 
DC 1 L=1,3 

1 P3(L)=(P(L,2)+?(L,1))/2.0 
NUN!=NIC:CIEL?) 
DC 2 IN!=1,i',J:JI': 
!O::=IE(I"',I'.:LP) 
IFC~K.LE.30) CALL HY~E(~K,P3,IFLAG) 
IFC~K.GT.30) CALL HIOE(KK,P3,IFLAG) 
IFCIFLAG.E~.1) GO TO 13 

2 :o~ITINUE 
· 10 N=I 

If(IFLA~.E~.1) ~=J 
00 3 L=1,3 

3 f'(L,,..)=P3CL) 
;?:TURN 
C:\10 
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1.74 
475 
476 
477 
47:! 
4n 
4eo 
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500 
501 
502 
503 
504 
51J5 
506 
507 



SU 0 ROUTI~E 5EN:>CM(CA~5PA,FOCUS,D) 

c *****•************************•••************* 
C TMI~ SU3POUTINE 5ENERATES A JIRECTIO~ COSINE ~AT~IX. 

~I~E~3ION CAMERA(3),>Jcu~(3),Z(3),)(3,3) 

s:.J;~ = o. :l 
IF (FC:U~(1).N~.:l.O.O~.FCCU3(2).~E.G.Q.Jo. 

* CA~~PA(1).~E.0.0.0~.CAY5?A(2).NE.Q.0) GC TO 50 
00 4:J I=1,.5 
DJ 4C J=1,3 
D(I,J)=O.J 

40 CC!H!f';U;: 
0{1,2)=1. 
0(2,1>-=1. 
DC3,3>=-1. 
G:: TO 999 

SO C·j'l":"!'WE 
c 

c 

DO 100 I=1,3 
I(!) = FOCUS(!) - CAME~A(!) 

1JO SU~ = SUM + Z(I)*Z(I) 
suM = 3..::ncsu . ..,> 
OJ 200 !=1,3 

200 !CI> -= ZC!)/SU~ 

X~OR~ -= S~RTCZC1>*Z(1) + Z(2)*Z(2)) 
c 
C FILL IN FIRST ~OW JF 0 
c 

0(1,1> = !(2)/X~ORM 
0(1,2) -!(1)/XNORM 
:>{1,3> = 0.0 

c 
C F!LL IN ~ECO~D RO~ JF ~ 

c 

c 

0(2,1) I(1)*Z(3)/X~OR~ 

0(2,2) = Z(2)•ZC3J/X~ORM 
0(2,:;) -XN0~/11 

C FILL I~ THI~~ ROw OF D 
c 

00 300 !=1,3 
300 oc:,r> z<r> 

·n9 ONTirwE 
RSTIJRN 
:::•:> 
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527 
523 
529 
530 
5 31 
532 
533 
534 
535 
536 
537 
538 
539 
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550 
551 
552 
553 



c 

SU3~0UTINE HIOE(~K,P3,IFLAG) 
CJ~~O~/POLY~Q~/~PLA~E,KFL~G,NPPP(9~),PQ(3,4,6Q),p(!,4,6Q), 

*C~~fEC(2,4,~~),PJS(2,9G),Sl~~(Q~) 

CO~~O~/ELLIPSE/~STEPS(98),IEL?,A{3,3,3~J,SE~L?(3,90),VP(3), 
•0(3,3,?J),OVP(3,3),~~(3),N~Eu 

'I~ENSIO~ ~7(2) ,?P(3) 
o:ME~SIO~ 0 ~(3),o~(3) 

~E~L P?RI~~(J),NP~I~E(3) 

~4LL T~~~S1C?3,P4) 
~?(1)=?4(1)/?;(3) 
~7(Z):p4(2}/P4(3) 

~ALL TP:I~T(P7,K~,IFLAG) 

!F(IFLA~.E~.2) RETURN 

C ?O!~T IS IN3IOE POLYGON CHEC~ TO SEE 
C IF ?CLYuON OR POINT IS CLOS~F TO V!E*?OINT. 
C C~LCuLATE TAU. 

00 3 I=1,3 
PP~IRE(I}=D(1,!,KK) 

IF CP?RI~E(l).E~.O.O> P?Rl~EC!)=.OOJJD1 
5 CO>.JTINUE 

CALL ~ATC~Vo,pp~I~E,NPRIME,3,3,1,3,3,3) 
~G 10 J=1,3 

10 P?(J)=~{J,1,KK-3Q)-VP(J) 
~ALL MATCDVP,??,PPRI~E,],],1,],],3) 

~~LL D0i(N?RI~E,PPRI~E,P5,1,1,3) 

CALL DQT(~P~IM£,p4,?6,1,1,3) 

IFLA::i=2 
!FCP5/?5.GE •• 99yy9999) qeTUR~ 

IFLAG=1 
HTURN 
E"40 
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55'3 
55? 
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5~1 
562 
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556 
557 
56o 
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c 
c **************************************** 
c 
C SUGROUTI~E HYDE ~ETER~I~ES IF A P~!~T IS HI~~E~ SY 
C ANJTHE~ ELLI?SOID. . 
c 
c ******-***********••••••••••************ 
c *****************•**************•···~···· 
C N= ?:SSI3LE HIJING ELLIPSOID N~~~ER. 

C ~= VECTOR TO PLOTTING PQI~T. 

C !FLAG= FLAG THAT IN~ICATES HIDDE~ LINE OR ~OT. 
C IFLAG = 2 = hOT HIDDEN 
C !FLAG = 1 = 'HDDEN 
c ***************************************** 

COM~ON/ELLI 0 SE/~STE?S(9Q),IELP,AA(3,J,3u),SEGLP(3,QQ),VP(3), 

*D(3,3,~Q),JVP(3,3),RA(3),~SEG 
DI~ENSION ~1(3),P2(3),R2(3),S(3),V(3) 

Jl~ENSION ~U(3),~(3,2),P(3) 

DI.-.:ENSIO:'-l D0(3,]),V?1 (3) 

DIKE/-ISIC:l ~ (3) 
~EAL M , ~U , MAG 

C ASSUME ~OT HIOJEN. 
I FLAG=2 

c 
c ***************************************************************** 
c 
C our SEGLPCN> IN ~·s FRAME. 
C PUT SEGLP(M) IN N'S FRAME. 
C PUT RZ I~ N'S FaAME. 
C PUT VIEW POINT IN N'S FRAME. 
c 
c *************•*************************************************** 

CALL MAT(D(1,1,N),SEGLP(1,N),?1,],3,1,3,3,3) 

c 

CALL MAT{J(1,1,~),5!GLP(1,IELP),p2,3,3,1,J,],3) 
IF(IEL~ .LE. 30) GO TO 55 
DO 5~ 1=1,3 
D:> 56 J=1,3 

56 D:>(I,J) = J(I,J,N) 
GO TO 57 

55 co:n INLJE 
CALL D:>TTCOC1,1,~),0(1,1,IEL~),DO,J,J,3) 

57 C:>:>JTrNUE 
CALL ~AT(D~,R,R2,3,3,1,3,3,3) 
CALL KAT(D(1,1,~),VP,V?1,3,3,1,3,3,3> 
i~,\:; = '). 0 

C *•****************************~**w******************************* 
c 
C FI~D VECTORS s,v,Q~D ~V. 

: MU ~:LL 32:0~E A U~IT VEtTOR I~ VECTOR M'S JIRECTION 
C J~ I~ ~·s OPP03ITE DIRE:TIO~. 
c 
c *********k*******•*******-*************************•************* 
c 

c 

001 1=1,3 
SCI) = P2Cr> + ~2(!) - P1 (!) 
V(I) = Vi'1 (1) - ~1 (!) 

MU(I) = S(!) - VCI) 
1 ~AG = ~~s + ~uc:>••2 

;.,,;:; : SCRT('!A:i) 
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592 
593 
5Q4 
595 
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597 
59d 
599 
6)0 
601 
602 
603 
60.4 
505 
606 
6'J7 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
1:118 
619 
620 
621 
622 
623 
624 
6?5 
626 
627 
628 
629 
630 
631 
63:! 
633 
634 
635 
636 
637 
638 
63Q 
<S4'J 
641 
642 
643 
644 
645 
646 
647 
!:48 



c 
c 
c 
c 
c 
c 

c 

~AKE MU A U~IT VECTO~. 

••*****************·············································· 
<l'J 2 1=1,3 

2 ~:u<I> = ~·JC!> 1 .-.;.:; 
.A A4(1,1,:"l) 
J = AA(t:,z,~D 
C = AA(3,3,i~) 
r=CASSC~U(1)).GT •• OGOOCQQJ1) GO TO 10 
If(43S(~J(2)).5T •• OOOOGJjQ1l GO TO 20 
CALL ZC~U,A,a,c,s,~,JFLAG) 

30 IF(JFLAG.EQ.1) R~TUR~ 

c ***************************************************************** 
c 
C FI~D P A~D CO~~ARE M TO P TO DETSRM!~E WHAT ?OINT 
C IS CLOS~R TJ THE VIEW POINT. 
c 
c ***********•***************************************************** 
c 

OJ 3 I=1,3 
3 ?(I)= S(I) - V(I) - ~(!,1) 

CALL ~OT(P,~(1,1),R~SLT1,1,1,3) 

CALL ~JT(P,M(1,z>,RESLT2,1,1,3) 

!~(~.E~.I~LP) GO TO 400 
IFCRESLT1.GT.0.30JOGQG01) IFLAS=1 

41 IFC~E3LT2.~T.O.OJOOJ0001) IFLAG=1 
~ETURN 

10 CALL XYZCMU,A,a,c,s,~,JFLAG) 

GrJ TO 30 
20 CALL YZ(MU,A,a,c,s,~,JFLAG) 

GJ TO 30 
400 IFCA35CRESLT2l.GT.A3S(~ESLT1)) GO TJ 41 

~ESLT2=i<ESLT1 
GO TO 41 
RETURN 
E:'-10 
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SU8R~UTIN[ INPUT(CTI~E) 

CJ~~O~/PLTT/3fACT~r!NTrTIME IC0LOR(~1),~F5~TXrOFSETYrZTIME 
C~~~C~/INTERS/ NIE(~Q),IE(? ,?Q) 
CJ~MC~/~LLI~SE/~STE~SC9J),I L~,~(J,3,3~),3E~LP(3,9Q),VP(3), 
•D(3,3r~~),OVP(J,J),~A(3),N5 G 
C~~~C~/PJLY~O~/~?LA~f,IFLA~,~PP?(~Q),pJ(J,4,6Q),?(3,4,5~), 

•CC~V~C(~,!,~Q),~J3(2,9Q),SIG~(9J) 

C~~~O~/AT2/PL(1?,30) 

~~~~NS~O~ 3DC24,4J) 
Ji~ENSIJ~ DJ(l) 
CJ~~C\/D3UG/ID5JU~(d8),~IS~,OEVFL3,~~LIN~,JE~M,~~RSrOFLI~E 
CC~M~N/V!E~P/VPJ(3),CVP)(3,3),IVD,VP2(J) 

CJM~ON/CO~ECT/ N?r~PL(3,5,6J) 

C0~~0~ /REMOVE/NP~EN,IRE~CVC30) 

DCU3LE ?~ECISIJN CTI~E,ZTIME 

I~TEGE~ ?EVFL~ 

IFCIFLAG.~E.1) GC TO 600 
~EAD(5,70) ~F~ST,~ 0 RE~,NISG 

~~ITEC6,70> NFAST,NP~E~,NISG 
REA?C5r72)(IRE~JV(I),I=1rNPRE~) 

~~ITEC6r72)(I~E~OVCI)ri=1,NP~~M) 
72 FORMAT(3(40I2/)) 

639 
~90 

691 
6Y2 
6Q3 
614 
595 
6?5 
f97 
6?3 
69~ 

?JQ 
7C1 
?02 
703 
704 
705 
706 
707 
7J8 
7J9 
710 
711 
712 
713 
714 
715 
716 
717 
718 
717 

c 

c 

READ(1,END=3J0) NSE~,N?,PLr3D, (((~?L(I,JrK)r!=1r3)r J=1,5),K 
•=1,30) 

39 READ(1,EN0=7J0) TI~E, ((S£GLP(I,J), !=1r3), J=1,3Q), 
• (((O(I,J,K), I=1,3), J=1,3), K=1,30) 

IT!V.E=TIME•100QQQ0.+.5 
2TIM:=ITI~E/10GOJOQ.~O 

70 F~R~ATC3I2) 

IF(ZTI~E.LT.CTI"<c) GO TO 37 720 
~EA0(5,40) NS? ?21 

40 FO~~ATCI2) 722 
IFCN3°.EG.J) ~0 TO 46 723 
0~ 45 L=1,~3o 724 
(=~P+L 725 
II=3J+N?+L 726 
REAJ(S,41) ~??PCII),MPL(1,1,K) 727 

41 FORMATCI1,!2) 72~ 
NSIOES=~~P~(!I) 729 
'0 45 J=1,N~I~ES 730 
RE40(5,42) (P0(I,J,K),I=1,3) 731 

42 FOR~ATC5F10.0) 732 
45 CC~TI~UE 733 
46 NPLA~:=~P+NSP 734 

DO 10J J=1,NSE5 735 
~Q 100 1=1,3 736 

10J ACr,r,J>=1.0/3DCr,J>**2 737 
~n 200 J=1,~Scu 735 
CALL ~0T(0(1,1,J),30(4,J),OC,3,1,3> 739 
~~ 20S !=1,3 740 

200 SEGLP(I,J)=SEGL?(I,J)+D~(l) 741 
IF(IDE3UG(3).E2.1) ~RITE(6,6) ~SEG,N°LANE 742 

6 FJR~ATC1H1r'NUr.3ER OF SEGMENTS = •,r2,•, NU~SEa OF PLANES = ',12) 7~3 
hSEi = NS~G-NFAST 744 
REA0(5,3J1) (ICOLOR(I),I=1,30) 745 

3J1 FOR~AT(3(5X,I5)) 746 
II=NPLANE+3J 747 
R~AD(5,:D1> (ICOLO~CI),I=31,9J) 743 
REA0(;,3J1) !COL3~(91) 749 
!FCIDEdUG(3).EJ.1) w~!T:C6,71) ~~EG 750 
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71 

1 

2 

55 

11 

FCq~ATC1X,'TH! ~UMa~R OF SE~~E~TS TO BE ?L3TTED ',Iz> 
R:AD(5,1) C~STE~SCIPP),IP?=1,NS5G) 

~EAD(5,1) (~STiPSCIPP+JC),IPP=1,NPLANE> 

FJR:~ATC30I2) 
IF(I~E8U~(3).EJ.1) W~IT5(6,2) C~ST~PS(IPP),I~P=1,NSE~) 
FJK~AT(1Jx,•~~~3E~ OF DIVISIONS ALO~S A RADI~S',f2X,30I3) 
:c(IJE3~G(3).EQ.1) WRIT5(6,55) CNSTEP5(IPP+3G),[~P=1,~PLAN5) 

FJ~~QTC1QX,'~U~~E~ OF DIVISIO~S AL~~3 A SIDE •,tzx,3'JI3) 
R~~D(5,11) INT,SCACT~ 

rJ~~AT(!3,7X,F10.2) 
~RITE(6,11) INT,SFACTR 
PEAD(S,?J1) OF~ETX,OrSETY 

ri~ITE(5,9J1) O~ScTX,CFSETY 

9 'J1 FO.~~AT (2F1 G. 0) 

~02 
IF(!JE3UG(3l.E~.1) ~~ITE(6,902) OFSETX,QFSETY 
FO~~ATC1X,'OFSETX= ',F1Q.3,4X,'OFSETY= ',F10.3) 
IFCIDE~UG(3).E0.1) W~ITE(6,1?) :FACTR,INT 
FJR~AT(1X,'SCALE f~CTOR = '•F1Q.~,zx,• ITERATIO~ NUMBER 

c 
c 
c 

c 
c 

c 
c 

12 
REA~(5,13) VP,RA,IV?,ICODE 

13 FORY.ATC6F1il.0,2I1Q) 

ICO~E = 0 ROLL, ?ITCH, ANQ YAJ ANGLES A~E SUPPLIED IN RA ARR,Y. 

!CODE DIRECTIO~ COSI~E ~ATRIX SU?PLIEO AS I~PUT.RA ARRAY IS 1ST 
RO~ OF ~ATRIX.THE NEXT C~RD CONTAI~S THE 2ND A~D 3~D ROwS 

!COD! = 2 : POINT AT WHICh VIEWPOI~T Z-AXIS IS TO AIM IS SUPPLIED 
IN RA A~RAY. 

IF(ICODE .NE. 0) GO TO 500 
IF(IDE3US(3).E~.1) ~R!TE(6,4) VP,RA 

4 FOR~ATC1X,'VIE~?OI~T VECTOR (',F10.1,',',F10.1,',',f10.1,')'11X 
1'ROTATIO~ OF VrE~?OINT RELATIVE TO SEG~ENT COO~DIN~TE SYSTEM'/1X 
2'THESE ROTATrONS ~UST 8E OETERMI~ED 3Y p~qfOR~IN~ ~CLL ~OTIO~ Frqs 
3T'/1X'ThEN A PITCH ~OTIO~ A,O THEN THE YAw MOT!0~'/10X 
4'ROLL = ',F1J.1,1X,'~~G.'•5X,'PiTC~ = '•F1Q.1,1X•'D=G·'• 
55X,'YAW = ',F1~.1,1X,'DEG.') 
C~LL DRCY?R(CVP,R4,1,2,3) 
GO TO 550 

50C IFCICODE .EQ. 2> CALL GENOCM(V?,?.~,OV?) 

IFCICODE .EG. 2> GO TO 550 
DO 501 JJJ=1,3 

501 DVP(1,JJJ) = RA(JJJ) 
PEAD(5,13) ((DV?CI,J),J=1,3),I=2,3) 
~~ITE(o,14)((0VPCr,J),J:1,3),I=1,3) 

14 FORMAT(3(1' ',3(1X,F10.Q))) 
IFCIDE3UG(3).E~.1) WRITE(o,15) (V~C:>,I=1,3) 

15 FORMAT<' VIEW POINT V5CTOR (',f10.1•'•'•F10.1•'•'•F1Q.1, 1 ).',/, 
1 VIEW 0 0INT ORIE~TATION DEFI~ED I~ DIRECTION COSINE MATRIX FORM 

-.') 
S 5 0 C :: r~ TI "l U E 

oo so J=1 .. 3 
v~CCJ>='IP(J) 

DoJ 3~ 1=1,3 
80 DV?O(J,I)=DVP(J,I) 

IF(IFLAG .~E. 1) ~ETU~N 
IF(IDE3UG(3).~J.1) wPITE(6,60) 

60 FCRMATC1X,'********************'f,1X, 
1'VIEWPOINT DIRECTION COSINE ~ATRIX') 
IFC!DE~UG(3).EQ.1) wqrrEC6,53)((DVP(I,J),J=1,3),I=1,3) 
IF(IDEcUG(3).EQ.1) WRITE(6,~4> 
~0 20 IKE=1,NSEG 
IF(IDEBUG(3).EQ.1) wqrTE(6,50) IKE,(SEGLP(I,IKE),I=1,3) 
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751 
752 
753 
754 
755 
756 
757 
75:l 
759 
760 
761 
762 
763 
?64 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
77!3 
779 
78') 
731 
732 
733 
734 
7BS 
71!6 
787 
783 
789 
no 
791 
792 
703 
7'}4 

795 
796 
797 
798 
799 
e:>o 
1301 
302 
303 
304 
eo5 
3C6 
807 
SO'! 
809 
810 
!!11 
512 
!!13 



50 FO~M~T(1X,'*~******************'I1X'SEG~ENT # ',I3,5X,'SEGLP = (' 814 
-F10.3,2(','F10.3),','//,1X,'A MATRIX',T50,'DIRECTION COSINE MATRIX 815 

'/) 816 
OJ 400 III=1,3 817 
lf(lJE9UG(3).EQ.1) ~~ITE(5,51) (A(III,J,IKE),J=1,3),(D(III,J,IKE), 813 

+J=1,3) 1)19 
40~ CJNTI~UE 821 

51 FJ~~AT(3(1X,F3.5),T50,3(2X,fy.6)) 821 
53 F'J~' ~~TC3C2x,;:y.6)) 822 

IrCrJ~3U~(3).~~.1) WQITE(6,54) 323 
54 F~~~ATC1X,/,1X'********************') 824 
20 CO~TINUE 825 

RETUR~ 926 
~00 CONTINUE 827 

IFCZTIME.LT.CTI~E) GO TO 675 828 
!FCISw1.EQ.~) ~J TO 630 829 
D'J 650 J=1,~SEG 830 
CALL DOTCDC1,1,J),3D(4,J),DD,],1,3) 831 
DJ 650 1=1,3 ~32 

650 SE~LP(I,J)=SEGLP(I,J)+DDCI) 833 
IS~1=0 834 
IFLA:;=5 835 
RETURN 836 

675 RE~D(1,E~D=700) TIME,CCSEGLP(I,J),I=1,3),J=1,30), 837 
* (((J(I,J,K), 1=1,3), J=1,3), K=1,30) 838 
ITIME=Tir-~•1000000.+.5 839 
ZTI~E=ITI~~/1000JOO.DO 840 

c 841 
IS~1=1 842 
GO TO 600 843 

700 W~ITE(6,720) 844 
720 FOR~ATC1X,'E~D OF DATA REACHEJ.') 845 

ISW1=1 846 
STOP 847 

300 WRITE(6,~20) 343 
320 FJ~~ATC1X,'~O DATA ON TAPE.') ~49 

STO? S50 
630 IFLAG=10 d51 

RETURN ~52 
E~D 353 
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c 
354 
d55 

C THIS S~2ROUTINE DETc~MIN~S IF T~~ LI~E SEG~ENTS, P1P2 AND R1R2, 336 
C I 'HER SECT. 85? 
C ALL PA~ALLEL LIN~ SEGMENT5,~HETHER :OINCIDENT OR NCT, ARE 359 
C CO~SI~ERED TJ 9E NON-INTERSECTING. 859 
C CASE 1 IS CONSDERED TC SE TilE RF.;;ULAq COIIiFIGURUIO..:. 860 
C THE S~EC!AL CASES ARE AS FCLLO~S: 861 
C 2) J~= LINE IS V~~T!CAL 862 
C 3) 30T~ LIN~~ ARE VERTICAL a63 
C 4) dOTH LI~ES AR~ "ORI~O~TAL q64 
C 5) ~OTH LINES HAVE THE SA~E ~aN-ZERJ SLOPE 365 
C 6) ONE L!~E IS VERTIC~L, THE.OTHER IS HORIZONTAL 866 
c ·367 
c 863 
C IFLA5 = 1 INDICATES INTERSECTIO~; IFLAG = J INDICATES ~0 INTERSECTION. 869 
c 370 

DI:"1t:IJSION P1 (2),P2(2),R1 (2),R2C2),p(f.,2),T(2) 871 
REAL ~:C2> 372 
IFU\5=0 373 

c 374 
C SET UP A~RAYS 875 

DO 1 I=1,2 876 
P(1,!) = P1(I) 877 
PC2,I) ?2(I) 878 
P(3,I) = ~1(I) 3?9 

1 PC4,r> = R2(:i:) 880 
c 8 31 
C DETE~~INE IF CASE 3 882 

!F(A3SCPC1,1)-P(2,1)).LT.1.E-11.AND.AeS(P(3,1)-P(4,1)).LT. 583 
+1. E-11> RETURN 834 

c sas 
C 'ETER~INE IF CASE 4 386 

IF(A3S(?(1,2)-P(2,2)).LT.1.E-11.AN,.A2S(P(3,2)-P(4,2>>.LT. 887 
+1. C:-11) RETURN 88d 

c 83)1 
C DETER~INE IF CASE 6 89) 

DO 2 1=1,2 891 
J = 3-I 892 
Ir(A2S(P(1,I)-?(2,I)).LT.1.C:-11.A~O.A9S(P(3,J)-?(4,J)).LT. 693 

+1.:0:-11) GO TC 10 894 
2 CO~TI:WE 3~5 

c 596 
C DETERr.I~:: IF CASE 2 897 

IF(A9S(?(1,1)-P(2,1>).LT.1.E-11.0R.A9S(P(3,1)-P(4,1)).LT. ~93 

+1.E-11> GO TO 6 899 
GO TO 5 900 

6 :>0 3 I=1,4 9C1 
TE'IP = P(!,1) 902 
?(1,1) = P(I,2) 9G3 

3 ?(I,Z> = T:~P 904 
c 905 
C REuULAq PROC£DU~E 906 

5 ::>:> 4 I=1,2 907 
:;:1 = 2•I 9J8 
I2=2•I-1 9]9 

4 ~(i) = {P(I1,2) - ~(12,2))/(?(41,1) - P(I2,1)) 910 
c 911 
C CriEC'< FOR CASE 5 912 

If(~3S(~(1)-~(2)).LT.1.E-11) ~ETUR~ 913 
X = (?(3,2) - P(1,2) + ~(1)*?(1,1) - ~(2)*~(3,1))/(~(1) - MC2)) 914 
DC 7 I=1,2 915 
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c 

7 TCI) = (X - ?<2•I-1,1))/(P(2*I,1> - ?(2•I-1,1)) 
20 IF(T(1).GT.O .A~~. T(2).GT.~ .AND. T<1>.LT.1 .~~J. T(2).LT.1) 

IFLAG=1 
~ETURN 

: CASE 6 P~OCEJ~RE 
1G !F(A3$(~(1,1)- 0 (2,1)).LT.1.:-11> GC TC 11 

J =1 
I=2 
G ::l T:> 12 

11 1=1 
J=2 

12 T(1) = (?(3,J) - 0 (1,J))/(P(2,J) - P(1,J)) 
T(2) = (P(1,I) - P(3,!))/(P(4,!) - P(3,I)) 
G·J T:> 2'J 
E:-ID 
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916 
917 
918 
91Q 
no 
921 
92~ 
'}23 

924 
925 
926 
927 
92'1 
929 
930 
931 



c 
c 
c .. 
c 
c 
c 
c 
c 
c 

?5~FOR~S M~TRIX ~ULTIPLICATIO~ C = A9. 

-\RSU'!::NTS: 
~: ~AT~IX J• SIZ~ (L,~). 

S: ~~T~IX JC SI~:: (V,,N). 
t: ?~O~~CT MATRIX OF SIZE (L,~). 

L,~,~: srz=s OF ~AT~IC::S A,3,C. 

R:;v 03 OS/31173 

LA,L~,LC: 1ST DI~ES5ION OF ~,~,c IN CALL:NG ?RO;R~~. 

~:~ENSIJ~ A(JA,1),BCJ3,1),C(JC,1) 
~.:; 2C :..=1,LL 
:>:J 10 N=1,•JN 
5 = o.o 
:>O 5 ,'1=1 ,MM 

5 S=S+A(L,~)*3(~,~) 
C (L,t~) =S 

1G c::~•rrNu~ 
20 c::HINUE 

~::-:"URN 

E!\0 
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932 
93 3 
934 
933 
'/35 
937 
9B 
93 I 
940 
Q41 
Q42 
943 
944 
945 
946 
947 
948 
949 
950 
951 
?52 
953 



SUBROUTINE NFRAME 
c 
C THIS ROUTINE PERFO~~S THE END OF FPAME HANDLING FO~ THE 3DRS 
c 

IXTEGEq•z ENDFRA,~ASK,STATUS 

D~TA E~JFRA'~'3K/lFFFF,ZFFFF/ 
CALL D~LWH(S,1,E~DFRA,~~SK,STATUS) 

CALL PL~TS(~,~,LU) 

!ETURN 
E'ID 
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954 
955 
955 
957 
958 
959 
960 
?61 
~62 

?b3 



SU3?0UT:NE OVERLAPCIIl,((K,~cLAG) 
JI~ENSIO~ P1(2),~2(2),~1(2),R2(2) 

D I"'::~ S I 0 'l P P 2 ( 2 > 
CO~,ON/POLYGO~/~?LA~E,IFLAG,NPPP(9Q),pQ(3,4,6Q),p(J,4,6J), 

•CC~V~C(2,4,9J),?03(2,9Q>,SIG~C9~) 

c 
C OVE~L~P TA~ES 03JECTS I AN~ K AN~ TESTS FOR ANY OVERLAP ON THE 
c PqJJ5CT!O~ ?LA~E. 

c UF~AG ~ILL dE ?.:T~RNE~ To r~:>rcATE IF ov::~LAP OR ~cr. 

C ~FLAG=J ~EA~S NO OVERLAP 
C "'FLAG=1 ~::A~S OVERLAP 
c 

r = -.:II 
K = KKK 

5 CO~:TINU:: 
OJ 10 J=1,2 

1J ~oz(J) = POS(J,() 
c 
C GJ AROUND TH~ RINGS 
c 

c 

N?TS1 = NP?P(I) 
N?TS2 = ~?PP(K) 
DO 200 J=1,~PTS2 
CALL TPCINTCPP2,I,~FLAG) 

IFC~FLA5.EJ.1> RETURN 
DO 200 :;=1 ,z 

200 ??2(N) : PP2(~) + CO~VEC(~,J,K) 

C CHECK~D ALL POINTS AN~ FOU~D THEY wERE ALL OUTSIDE. 
c 
C NEXT, CHECK FOR INTERSECTING LI~E SEGME~TS. 
c 

60 

62 

JO 60 II:1,2 
»1<II) = POS(II,I) 
R1(II) : ?OSCII,K> 
i>C 61 L=1 ,;~?TS1 
0~ 62 1!=1,2 
?2CII> = ?1(1!) + 
DO 63 J=l,NPTSZ 
DO 64 :::I=1,2 

CONVECCII,L,I) 

64 qz(II> = R1(II> + CO~VEC(II,J,K) 
CALL LS:GINT(?1,?2,?.i,R2,~FLAG) 

IFC~FLAG .EQ. 1) ~<:TUR~ 
P1(1) R2 (1) 

63 ~1 (2) = q;? (2) 
P1(1) ?2<1> 

Cl1 P1 (2) ?:! (2) 
IFC: .NE. r:;:> ~ETUR~ 

I = KKK 
K = III 
SJ TO S 
E:lii> 
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0)64 
965 
966 
967 
963 
950 
970 
971 
972 
973 
974 
975 
976 
977 
ns 
979 
930 
9::11 
9d2 
~33 

9e4 
985 
936 
9o7 
9~3 
9~9 
9~0 
~91 
992 
993 
994 
995 
996 
097 
993 
999 

1000 
10C1 
10J2 
1003 
1004 
1005 
1006 
1007 
1003 
1009 
1C10 
1011 
1012 
1013 
1C14 
1015 



c 
c 
c 

SUaRC~TINE PLPLNCSE~,I~DEX2) 

···-·······~··-~·························~···· 
THlS SU~~JUTINE PLOTS THE ?LA~ES. 

*********•**********•*********~*************** 
CO~~O~/ELLI?SE/~STE?S(QQ),IEL?,AA(3,J,JJ),~EGLP(],9Q),V~(3), 

*J(J,3,9~J,~V?(3,}J,~t(3),~SEG 

CO~~O~/P~LYGON/N?LA~E,iFLAG,NPP?C9Q),pQ(],4,60),~{3,4,60), 

•CJ~VEC(~,4,~Q),?JS(2,9GJ,3IS~[90} 

C~¥~JN/DaUG/IDE3JG(8QJ,NIS~,JEVFL~,O~LINE,TER~,al~S,OFLINE 

)I~5NSI~~ SEG(3,3333) 
I~TEGE~ ~EVFLG,ONLINE,TE~~,3l~S,OFLI~E 

COMMON/PLTT/SFACTR,INT,TIME,ICOL0~(91),QF3ETX,Ocs::TY,zTI~E 
CO~,ON /REMOVE/~?RE~,I~E~OVC3J) 

IFC~?LA~E .EQ. OJ RETURN 
SEGC1,1J 0.0 
SEG(2,1} = 0.0 
s::~C3,1l = o.o 
DO SQO LL=1,N?LANE 
DO 100 :=1,NPRE~ 
IF CLL.EO.!~E~OV(!)) GO TO 500 

100 C:J~l TINUE 
L = LL + 30 
IF(~EVFLG.E1.0FLI~E.JR.DEVFLG.E~.3DRS} CALL NE~?ENCICOLOPCL)) 
~UM = N?PP(L)*NSTEPS(L) + 1 
A = 1./N~TEPS(L} 
NSIDES = NPPP(L) 
DO 400 K=1,NSIDES 
KK = K + 1 
IF(K .E~. NSIDES) K~=1 
11 = (K-1}*NSTE 0 S(L} + 2 
I2 = I1 + NSTEPS(L) - 1 
DO 400 !=!1,12 
:>v 40C J=1,3 

400 SES(J,:> = SEG(J,I-1) + A*(P(J,K~,LL)-~(J,K,LL}} 
IPEN = 3 
IELP = L 
CALL ?NTPLTCSE~(1,1),IPE~,IN~EX2,NU~) 

5 OQ C 0~. T !.'IUE 
~ETURtl 

e.:•o 
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1016 
1 317 
1 01!.1 
1 J1'? 
1:J20 
1 J21 
1G22 
1'JZ3 
1024 
10<:5 
1026 
1 c~: 
1023 
1029 
1 03 J 
1031 
1032 
1033 
1034 
1035 
1036 
1037 
1'J33 
1039 
1040 
1041 
1042 
1043 
1'J44 
1045 
1046 
1047 
1043 
104'} 
1350 
1051 
1052 
1053 
1054 
1055 
1056 
1057 



SU9ROUTI~~ PNTPLT(SEG,I?EN,IND~X2,NPTS) 

c *******************************~***********•** 
c 

P~INT PLOT S~3ROUT!~E. 

:: 
c •••••***•******************************••····· 

CJ~~O~/PLTT/SFACTR,I~T,TI~E,ICOL0~(91),QFSETX,OFSETY,ZTI~E 
CO~~ON/ELLI?SE/NSTE?S(9J),I~LP,A(3,3,30),SEuLP(3,9~),V?(3), 

*)(3,3,9J),JVP(3,3),RAC3},NSEG 
CO~~ON/INT€RS/ ~IEC~J},IEC9J,~0) 
D~~ENSIO~ P(3},?P(3,2>,~?P(3) 

DI~ENSIOh SEG(3,3333) 
DATA Y~IN/Q.Q/,Y~AX/11.1/,IPLOT/1/ 

DATA IF!RST/0/ 
DATA ITW0/2/,ITHRE~/3/ 

IF CIFIRST.E~.0) READ(5,10Q0)X~IN,XMAX 
1JQO FO~MATC2F10.2) 

IF CIFIRST.EQ.Q) ~qiTE(o,10J1)X~IN,X~AX 
1001 FORM~TC' X~IN,X~AX=',2(1X,f10.3}) 

!FII{ST=1 
LFLAG=2 
IFLA~=2 

NEW?EN=O 
DO 100 IPNT=1,NPTS 
INUM=NIECIELP) 
IFCI~UM.E~.O) GO TO 61 
DO 60 K=1 dNU:-1 
K'<=Ii:(t<,:::cLP) 
IF(KK.Lc.30) CALL HY~E(K~,5E~(1,IPNT},IFLAG) 
IFC~K.GT.30) CALL HIOEC~K,S~GC1,I?NT},IFLAG) 

IFCIFLA~.E~.1) GO TO 61 
60 CONTINUE 
61 IFCK.~T.INUM .OR. K.EQ.1) GO TO 62 

ITE~~ = IE(1,IEL?} 
IE(1,IELP) = IE(t<,IEL?) 
H ( !(, I:L?) = IT E"lP 

62 IFCIFLAG .~E. LFLAG) GO TO 200 
70 IFCifLAG.EQ.1} GO TO 401 

LFLAG=2 
CALL TRAN~1(SEG(1,IPNT),ppp) 

X=-?P 0 (1}*SFACTR/P??(3)+0FS~TX 

Y=PPP(2)*SFACTR/??~(3)+JFS:TY 
IF (X.GE.X~!N.A~~.X.LE.XMAX.A~O. 

1 Y.GE.Y~!~.~NJ.Y.LE.Y~AX) GO TO 71 
CALL CLIP(X,Y,XSAV,YSAV,X~IN,X~AX,Y~I~,y~AX,IPEN,IPLOT) 
~~EI..;:.tN=-2 

!PEI\=3 
GC TO 75 

71 CJ~TINUE 
IF CI?'H.t-IE.1> 
CALL PR~PLT(X,Y,XSAV,YSAV,XV.IN,XMAX,Y~IN,YMAX,I?EN,NEWPE~) 
CALL PLOT(X,Y,!PE~} 

IP:..OT=1 
NE<I?EN=2 
IP!::N=2 

75 co,;r:~u= 

XSAV=X 
Y3AV=Y 

101 CONTINUE 
RETUR"l 

200 IFCIPNT.E~.1) ~0 TO 70 
::>0 250 IJ=1,3 
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PPCIJ,1)=SEGCIJ,I?NT-1) 
250 PP(IJ,2)=S£G<IJ,IPNT) 

CALL EXTEN~CP?,IFLAG,LFLA~) 

00 260 IJ=1,3 
260 ?(IJ)=PP(IJ,IFLAG) 

CALL TRAN51(o,p~~) 

X=-~oD(1)*SFACTR/PP?(3)+CFSETX 

Y=P~P(2)*SFACTR/P?P(3)+0F5ETY 
IFCLFLAG.E~.1) GO TO 350 
IF (X.GE.XMIN.AND.X.LE.XMAX.A~O. 

1 Y.GE.Y~IN.A~D.Y.LE.Y~AX). SO TO 261 
CALL CLIP(X,Y,XSAV,Y5AV,X~IN,XMAX,YMIN,YMAX,ITWO,IPLOT) 
NE~PE'l=-3 

GO TO 265 
261 CONTINUE 

IF CIP!IIT.N5.1> 
CALL P~EPLT(X,Y,XSAV,YSAV,X~IN,XMAX,YMIN,YMAX,I 0 EN,NEW?E!\I) 
CALL PLOT(X,Y,2) 
IPLOT=1 
NEoJPEN=3 

2 6 5 C o~;r PIU E 
IP5N=3 
XSAV=X 
YSAV=Y 
LFLAG=1 
Gil TO 100 

350 CONTINUE 
IF CX.GE.X~IN.AND.X.LE.XMAX.AND. 

1 Y.SE.Y~IN.A~~.Y.LE.YMAX) G~ TO 351 
CALL CLI~(x,y,xsAV,YSAV,X~I!\I,XMAX,YMIN,YMAX,ITHREE,IPLOT) 

"lEwPE'I=-2 
I?!:N=3 
Gil TO 355 

351 CONTINUE 
IF CIPNT.NE.1> 
CALL PREPLT(X,Y,XSAV,YSAV,X~IN,X~AX,Y~IN,Y,AX,I~EN,NE~PEN) 
CALL PLOT(X,Y,3) 
IPLOT=1 
!\IE'<JP:::N=2 
:::PEN=Z 

355 CCI\TI~Wr: 
XS~V=X 

YSAV=Y 
GO T:) 70 

400 I::>EN=3 
LFLA:;=1 
C') TO 100 
END 
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SU?.~OUTINE POLYD 
c 
C PDLYD ~E~E~ATES OI~ECTI~N C~SI~E MATRICI~S FOR T~E PCLYGONS. 
C THE X AXIS CF THE ?OLY:O~ COO~~I~ATE SYSTEM !S TH~ 
C ~OQ~AL 1ECTC~ TC ThE POLYG1~ SU~fA:E. 

: Y V~CTO~ IS ALIG~~~ ~IT~ O~E CF TH! P~LY~ON SIDES. 
c 

CO~~CN/ELLI~SE/NSTEPSC90),IEL~,A(3,3,3Q),SEGLP(3,jJ),VP(3), 

*~(3,3,?Q),~V?(3,3),RA(3),~SEG 

COM~ON/POLY~ON/N?LA~E,IFLAG,~??PC9Q),pQ(3,4,60),P(3,4,6Q), 

*CO~VEC(2,4,9J),P~SC2,9C),SIG~C9J) 

DI~~~SION INDEXC6),01C~1C> 
EQUIVALENCE (~,01) 

DATA I~DEX/3,6,7,1,2,5/ 

D~ 100 ~=1,NPLA~E 
J=9*L.,.262 
DO 20 1=1,3 
D1CJ+I+2)=P(I,z,L>-P(I,1,L> 

20 D1(J+I+S>=P(I,3,L)-P{I,1,L) 
CALL C~OSSCD1CJ+J),01CJ+6),D1(J}} 

SUMD1=0.0 
SUMD2=0.0 
DO 30 1=1,3 
SUMD1=SUMD1+D1CJ+I-1>~*2 

30 SUM02=SUMC2+o1CJ+I+2)**2 
SUMD1=SQ~T(SUMD1> 
SU~~2=SQRT(SUMD2) 
DO 4:J I=1,3 
D1CJ+I-1l=D1CJ+I-1)/SUM01 

40 Dl{J+I+2)=Dl(J+i+2)/SUM~2 
CALL CQOSSCD1(J),D1CJ+3),01CJ+c)) 
DO 50 !=1,3 
TE~P=01(IH~EXCI)+J) 
D1CI~D~X(I)+J)=D1C:~DEXCI+3)+J) 

50 ~1(I~~EXCI+3)+J)=TEM 0 

100 CONT!NU: 
DO 60J J=1,f;PLA~E 

~u .... = J + 30 
DO 500 K=1,3 

600 SEuLP(K,NU~) = P(K,1,J) 
R:TURr>l 
E~D 
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SU3ROUTI~E PREPLT(X,Y,XSAV,YSAV,X~I~~,X~AX,Y~lN,Y~A~,IPEN;NcW?EN) 
C*************************************~********************* 
c 

: 

TriiS SUJ~CUTINE PERFOR~S NECES3A~Y PEN ~0Vc3 FOR 1ST PL~T 
AFT~R ::U:>.>I~;; 

L~GICAL XOFF,YOFF. 

C OUTSID5 X A~D/~R Y B~UNDARIES??? 

X:}fi'=.FALSE. 
Y:JFF=.fALSc. 
If (X.LT.XMIN.O~.XSAV.LT.XMI~.OR. 

1 x.~T.X~AX.OP.XSAV.GT.X~AX) XCfF=.TRUE. 
IF CY.LT.Y~IN.OR.YSAV.LT.Y~IN.OR. 

1 Y.GT.YMAX.OR.YSAV.GT.Y~AX) YOFF=.T~UE. 

C DETE~~INE IF OFF T0?,30TTC~,RIGHT,QR LEFT SIDE OF PLCTTER 

c 

If (X.LT.XMIN.OR.XSAV.LT.X~IN) XLI~IT=XMIN 
IF (X.GT.XMAX.O~.XSAV.GT.XMAX) XLI~!T=XMAX 

IF CY.LT.YMIN.OR.YSAV.LT.Y~IN) YLI~IT=Y~IN 
IF CY.GT.Y~AX.OR.YSAV.GT.YMAX) YLiriT=YMAX 

C GET X AND Y POINTS DE?ENDING ON WHAT 30U~DARIES CVE~ 
c 

c 

IF CXCFF) YTEMP=YINTC?(X,YrXSAV,YSAV,XLI~IT) 
IF (.NOT.XOFF) YTEMP=YLIMIT 
IF CYCFF) XTEM?=XI~TCP(X,Y,XSAV,YSAV,Yl!~IT) 

IF C.NOT.YOFF) XTEMP=XLIMIT 

C MOVE PEN UP TO THAT SPOT 
c 

CALL PLCTCXTEMP,YTEMP,3) 
IPEN=2 
!lETURN 
END 
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c 
c 
c 
c 
c 

SUJP.OUTINE pqJELq 
********************************************** 

THIS SU3?.0UTI~E P~OJECTS ELLIPSQIOS O~TO THE PROJ~CT!ON ?LA~E. 

••••**********************•*************•····· 
CO~~ON/~LLIP:~/~ST~PSC9Q),IEL?,A(3,3,3:>,SEGLP(3,90),VP(3), 
*D(3,J,?0),~VP(3,J),RA(3),NSEG 

CO~~ON/POLYGlN/NPLANE,IFLAG,NP??C9Q),pJ(3,4,60),p(J,4,50}, 

*CONV~C(2,4,~Q),~03(2,9G),SIG~(90) 
DI~ENSION DD(3,J},DDD(3,3),SSC3},5(3) 

o:~E~5ION R(J,J),R2(2,J) 
~EAL LAMDA1,LAMDA2,M1,M2 
IFCNSEG .E~. 0) RETURN 
00 100 I:1,~SEG 

CALL DOTT(l(1,1,I},DVP,00,3,3,3} 
CALL ~AT(A(1,1,I},OD,~D),],3,3,J,J,J) 
CALL DCT(D(1,1,I),DDC,D),3,3,3) 
CALL M~TCDVP,oo,ooc,J,],3,3,J,J} 

DO 1J <=1,3 
10 SS(K) = SEGLP(K,I) - V?(K) 

CALL ~ATCDV?,ss,s,3,3,1,3,3,3) 

DO 3C !!=1,3 
IF CSC:I>.E~.O.O> 5(!1)=1.0 

30 CO~TIIlUE 
c 

CALL SOLVR(DDD(1,1),DCD(2,1),)00(3,1},000(1,3),0DD(2,3),0D0(3,3}, 
*DD0(1,1),0DDC1,3>,s,R(1,1),~(3,1)} 

C~LL SOLVRC000(1,2),0D0(2,2),00D(3,2},pOD(1,3},000{2,3),DOD(3,3}, 
*DD0(2,2},0DD(2,3),S,R(2,2},R(3,2}) 

CALL SOLVR(DDD(1,1)+DDD(1,2>,0DD(2,1)+00D(2,2),0DD(3,1)+CDD(3,2), 
*DOD(1,J),D~0(2,3),000(3,3},))C(1,1}+2.0*DDD(1,2)+0D0(2,2}, 
~ooD~1,3>+DOD(2,3),S,R(1,J),R(3,3}} 

H2,1>=0.J 
R(1,2>=0.0 
R(2,3}.:q(1,3> 
1)0 15 Ii<=1,3 
DO 15 IJ=1,2 

15 R2(IJ,IK}:(S(IJ}+~(IJ,IK))/(S(3}+R(3,IK))-S(IJ}/S(3) 
CALL SOLVACR2,A11,A22,A12) 
TE~P=CA11+A22}~*2-4.0•CA11*A22-A12*•2) 
IFCTE~P.LT.D.O> T~~P=O.O 
TE~?=S~~TCTEr-IP) 

LAM~A1=CA11+A22+Tc~?)/2.0 
LAM~A2=CA11+A22-TE~P)/2.0 
RX1=A12 
RY1=LA!'lOA1-A11 
RX 2 =LArDA2- A 22 
~Y2=A12 
LAr.OA1=A3S(LAM~A1} 

LA~DA2=A9S(LA~DA2) 

~1=SQ~T(1.Q/(LA~DA1*CRX1•*2+~Y1**2)}) 
~2=S~RTC1.0/(LA~I)~2*CRX2**2+RY2•*2)}) 

RX1=~X1•M1 
U2=RX2*M2 
RY1=RY1•M1 
RY2='H2•~2 
CO~VECC1,1,I):-Z.O*~X1 

CONVECC2,1,I>=-2.0•qY1 
CONVEC(1,2,I)=-2.0*RX2 
CONVECC2,2,I>=-2.J*RY2 
DO 20 rJ-=1,2 

156 

1249 
1250 
12 51 
125 2 
1 2 53 
1254 
1255 
1256 
1257 
1!?5'3 
12~9 
126J 
1 261 
1262 
1263 
1 264 
1265 
1266 
1267 
1263 
1269 . 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
1273 
1279 
1280 
12 S1 
1232 
121!3 
12S4 
1235 
12!16 
1287 
128'3 
1239 
1290 
1291 
1292 
1 29 3 
1294 
1295 
1296 
1297 
1298 
1299 
13iJO 
1301 
1302 
1303 
1304 
1305 
1305 
1307 
1308 
13C9 
1310 



CO~VECCIJ,3,I) = -CO~VEC(IJ,1,I> 
CO~VECCIJ,4,!) = -CONVECCIJ,2,I) 

20 POSCrJ,I) = CONV:CCIJ,3,I)/2.0 + CO~VECCIJ,4,Il/2.0+S(!J)/S(3) 
NPPP(il=4 
SI~~(I) CC~VEC(1,1,I)•CONVECC2,2,I)-

1CO~VEC( ,1,I)•CJNVEC(1,2,I) 
100 CONT:i:,'lU 

R::TUiH-< 
:No 
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S~3ROUTINE PRJPLY 
c 
: ***************************************** 
c 
C THIS SU~ROUTIN~ WILL SETU 0 TH~ CONVEC A~RAY. 

C iT ALSO SETS UP THE. PGS AN) SIGN ~R~AYS. 

c 
C ~RRAY P IS THE ORI~INAL ,OSITIO~ VECTORS FO?. THE POLYGONS 
C I~ THE I~E~TIAL REFERENCE SYSTEM. 
C ARPAY CO~VEC WILL CO~T.IN THE CJXTOU?. VECTORS 
C FO~ PRCJtCT:D POLYGON~. 
C ARRAY POS WILL CD~TAI~ POS!TIO~ VECTORS F~CM THE 
C P?OJECTIO~ PLANE ORIGIN TO POLY~ON POINT ~ 1. 
C AR~AY SIGN WILL CC~TAIN THE SIGN THAT RESULTS FRO~ 

c ThE c~oss o~ooucT CP2-P1>XCP3-?2>. 
c 
c ***************************************** 

CO~~ON/POLY~ON/~PLA~E,IFLAG,~PPPC?~),P0(3,4,6Q),~(3,4,6Q), 

*CO,VEC(2,4,?Q),PCS(2,90>,SIGNC90) 
CQM~ON/ELLI?SE/NSTEPSC?O>,IELP,A(3,3,3Q),SEGLP(3,90),VP(3), 

w0(3,3,9Q),OVP(3,3),P.AC3),NSEG 
DIMENSION PPP2(3),P?2(3),PP1(3) 
IFCNPLANE.EQ.Q) RETURN 
DC 40 I=1,NPLANE 
II=I+30 
N°TS=NPPP(II) 
00 35 K=1,N?TS 
DO 10 J=1,3 
PPP2(J)=P(J,K,I)-VP(J) 

10 CONTINUE 
CALL ~ATCOVP,PP?2,P?2,3,3,1,3,3,3) 
IFCK.NE.1) GO TO 16 
DO 15 J=1,2 
PCS(J,II>=P?2(J)/PP2(3) 

15 CONTINUE 
GO TO 25 

16 00 2·J J=1,2 
20 CJ~VEC(J,K-1,II)=PP2(J)/P?2(3)-??1(J)/~?1 (3) 
25 DO 30 J=1,3 
30 PP1 (J)=PP2(J) 

IFC~.EC.3) SIGNCII)=CCNV;C(1,1,II)•C~NVEC(2,2,II>-

1CO~VEC(Z,1,1I)*CONVEC(1,2,Il) 

35 CONTiiWt 
00 40 J:1,2 
CONVEC{J,NPTS,II)=?OS(J,II)-P?2(J:/PP2(3) 

40 C"JNT!NU:O 
RET~R"l 

~NO 
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SUjRQ~TI~E PSE(X1,r~,5ES,I~DEX,l~DEX2,IHALF) 

DI~~NS!ON X1(3,INDEX,INDEX),:~CINDEX>,SEG(3,3333) 

THIS SU3rt0UTINE ?LOTS A SE~I~LL!~SOID. 
TME HALf OF TH~ ELLI?jOID ~LOTTED DE~EN'S U~O~ IHALF. 

IF IHA~F = 1 X .~~. 0 I~ PL~TTEJ. 
IF !HALF = 2 X .LT. 0 r~ ?LOTTE,. 

DO 100 I=IHALF,IN~EX 
LINE=r.-;;;::;x-:+1 
lF(l~ALf.[~.2) LI~E=I 

N P T5 =I~- C LI 'J [) 
D:J 50 ..:=1,'-lPTS 
DO 50 .i=1,3 
SEG(J,K)=Xl(J,K,LINE) 
IF(lHALF.EJ.2.AN).J.E~.1) SES(J,K>=-SEG(J,K) 

50 CO!HI!'IuE 
N=N?TS 
IFCLINE.EC.INDEX) G~ TO 71 
NPT=:lPT$-1 
DO 60 K=1,NPT 
KI(=NPT-!<+1 
N=~+1 

SEG(1,N)=SE~(1,KK> 

SE~(2,N)=SEG(2,1(K) 

60 SEGC3,N>=-S~G(3,KK) 
!1! 0 T=N-1 
D·:l 7J J<=1 ,N?T 
KI(=~PT-K+1 

N=N+1 
SE~(1,N>=SEG(1,KK) 

SEG(2,N)=-SEG(2,<K> 
70 SEG(3,N)=SEG(3,KK) 
71 IPEN=3 

CALL P~TPLT(SEG,IPE~,INDEX2,~) 
100 CJNTINUE 

RETURN 
DO 
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c 

c 
: 
c 
c 

C~MPUT53 POT~TION ~AT~!X A fOq A~GLE TH 
A5JUT x,y OR Z AX!S ~S L = 1,~, OR 3. 

AR:;UN:O~JTS: 

A: 3X3 RCTATIJ~ ~AT~IX TC B~ CO~?UTE~. 
L: 1,2 OR 3 TO ~OTATE A~OUT x,y 0~ : AXlS. 
Trl: AN:;LE Of ~OT>\T!O~ I" ~A~!A~S. 
~: 1ST DI~E~SI0~ Of A IN CALLIN:; PRO~OA~. 

DI~~:>lSIC'l A(~,]) 

C= CCS(TH) 
S= SI~CTH) 

IF Cl.EC.2) S ~ -S 
D:J 30 !=1,3 
IFCI.E~.3)~0 TO 20 
DO 1C J=I,2 
>\(:,J+1)=0.0 
ACJ+1,r>=O.O 
IfCI+J+l.NE.5)G0 TO 10 
ACI,J+1l=S 
A ( J + 1 ,Z) =- S 

1 J CO'HINUE 
20 A(l,I): C 

IFCI.E~.l)A(I,I>=1.0 

30 COIHINUE 
RETURN 
END 
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SU3RCUTi~E SCLVA(R,AA11,A~22,AA12) 
DIME~SIO~ R(2,3) 
A11=:1(1,1>**2 
A12=Z.G•~(~,1>*~(1,1) 

A13=?.C2,1>**2 
A21=iH1,2>**2 
A?2=2.Q~R(2,2)•R{1,2) 

A23=?.C2,2>••2 
A51=il(1,3)**'2 
A32=2.0*~(2,3>•?.(1,3> 
A33=P(2,3)**2 
DEL=A11•C~22•A33-A23•A32)-A1Z*(A21*A33-A23*A31)+ 

1A13•CA21*A32-A22•A31) 
AA11=((A22-~12)*(A33-A23J-CA23-A13)*(A32-A22))/DEL 
AA12=CCA23-A13)*(A31-A21J-CA21-A11)*(A33-A23))/DEL 
AA22=CCA21-A11>*CA32-A22)-(A22-A12)*(A31-A21))/DcL 
RETURN 
END 
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*******************************•••······· 

T~I3 sue~CUTI~E ~ILL SOLVE A SET OF SI~ULTANfOUS EQUATIONS 
TC FI~D CO~PONETS OF VECTJ~ ~ T~AT SATISFY THE PROPERTIES NEEDED 

TO DETUR~I~E THE E~UATIC~ OF T~~ PROJECTFD ELLIPSE. 

****••*~********************************* 
DIME 'L5 I 0 tl ? (3 > 
B=A1*P(1)+A~*P(~}•A3*P(3} 

D=A4•?(1)+A5*P(2)+A6*P(3) 
T1=A7•C~/~}••2+A6-Z.O•AS*D/& 
TZ=2.J•A7•J/(9}•*2-2.0*A~/9 
T3=.e.7•(1/f!)••2-1 

~Z=(-T2+S~~T(T2**2-4.d*T1•T3}}/(2.0*T1) 
RX=-o·~zta-1.Qtd 
RETUR:'oo 
E~D 
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1452 
1453 
1454 
1455 
1456 
1457 
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1459 
1460 
1461 
1462 
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1469 
1470 
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1472 



SU3~CUT!NE TITLE 
~~M~~SION !0(1(),2J),ICCLD~C21) 
CCMMON/D3U~/IOE3~G(3Q),NIS~,DEVFLG,~~LINE,TERM,3D~S,QFLINE 

I~TEGE~ C~LINE,DEVFLG,T~RM,~O~S,~FLI~E 

•lLI~E=2: 
S~ZE=.335 

X=1.3:'5 
Y=1 'J.:l 

INIT:ALIZ~ PLOTT:~~ PACK~GE 

CALL ?LJiCO.Q,J.:,-3) 
HEAD(5,1> 'lFRME 
FOR:·1-H <I 2) 
IFC~FRME.E~.Q) ~~TURN 

D~ 300 ~=1,~FR~E 
!>0 50 I=1,~LI'lE 
~EAD(S,?JJ) (ID(J,I),J=1,a>,!~OLOR(I) 
WrtiT£(6,2~0> CID(J,I),J=1,8),IC0L~~{I) 

2JO FC~MATC7A4,A2,I2> 

50 CC~TI:'>-IUE 
DO 1JC I=1,NLINE 
Y=Y-.5 
IFCOEVFLG.E;.QFLI~E.OR.DEVFLG.EQ.9DRS) CALL NE~PEN{ICOLOPC:>> 
CALL SYM3CL(x,y,s~zc,I0(1,I),Q.,3J) 

100 CO~TINUE 
IF(DEVFLG.E~.O'lLINE) CALL PLOTC12.,J.,-3) 
If{l!VFL~.EQ.TER~) CALL ?LOTCQ.Q,Q.0,-3) 
IFCOEVFLG.EJ.aD~S) CALL ~FRA~E 
IFCDEVFLG.E~.CFLI~E} CALL ?LOT (14.,().,-3) 

3QO CO'lTINUE 
~ETURN 

END 
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1473 
1474 
1475 
1476 
14 77 
1478 
1479 
1430 
14~1 
1482 
14~ 3 
14.S4 
Has 
14S:i 
1437 
14i.!'3 
He~ 
1 490 
14 01 
14?2 
1493 
1494 
1495 
1496 
1497 
1498 
149~ 
1500 
1501 
1502 
1503 
1504 
1505 



SV3 CUTI~~ T?OI~T(PP2,r,IN) 
~IM ~sro~ P?2<3>,R<J>,?~1<3> 

CO~ ~N/POLYGON/~PLA~E,IFLA:,~~PP(9~),?0(3,4,fQ),?(],4,6J), 

*CO~V2C(2,4,9~),~~S(2,9~),SI~NC90) 

T~IS SU~~OUT!~~ TEST~ A P~INT 0~ T~E P10JECT!O~ PLAN~ 

D~F!\~~ dY ??2 ~S~!~ST A ?:~YGJ\ ~N T~E PR~JECTION PLAN~ 

DEFIN~~ ~y I. A FLA~ 'IN' !5 RETUR~E~ TO ~~~ICATE IF THE 
?OINT ~~5 IN5IDE OR OUT~IDE THE ~CLY~J~. 

!N = PQI~T WAS :~s:~E ?OLYGO~ 

r'li=1 
N°TS1=N???(I) 
DO 20 JJ=1,2 

20 ??1 (JJ)::D~S(JJ,I) 
DO 100 L=1,NPTS1 
DO 30 l~=1,~ 

30 R(~)=PP2(~)-PP1(N) 
SIG~2=CONVECC1,L,I>•RC2J-CO~VEC(2,L,I)*R(1) 

IFCSI~N2*SI~N(I) .LT. C.> GO TO 150 
IFCA6SCSIG'Ii2*SIG~CI)).LT.1.E-11) GO TO 150 
)'J 10;) ~-=1 ,2 

100 ??1(~)= 0 ~1(\i)+CO~V~CCN,L,I) 

R::TURN 
150 1~=2 

ReTURN 
END 
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1506 
1507 
1505 
15:19 
151J 
1511 
1512 
1513 
1514 
1515 
1516 
1517 
1518 
151? 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1528 
152~ 

1530 
1531 
1532 
1533 
1534 
1535 



SU3~0UTIN~ T~A~~1(~,p) 
CO~~CN/ELLIPS!/~ST~PS(OQ),IEL?,A(3,3,30),SEGLP(3,90},V0(3), 

*~(3,3,~C),~V?(3,3),RA(j),N~EG 

CJ~~CN/VIEWP/VPJ(3),~VP0(3,3),1V?,VP2(3) 

DI~E~SI:~ ~0(3,3),?(3),~(]),q2(j),SEGLP2(3} 

IrC:EL~ .~T. 30) uO TC 1u 
c~LL o~rrcovP,~<1,1,r:L?>,oJ,s,3,3> 

21 cc:nl'WE 
CALL ~AT(~),R,R2,],3,1,3,3,3) 
CALL MAT(DV?,SEiLP(1,IEL 0 ),S!GLP2'3'3'1'3'3,3} 
o:> 1 1=1,3 
PCI)=SEuL?Z(I}+~2(I}-VP2(I) 

RETUrtN 
10 DO 11 !=1,3 

DO 11 J=1,3 
11 O~(:,J) = DVP(I,J) 

GO TO 20 
END 
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REAL FU~CTION X!NTCP(X,Y,XSAV,YSAV,YTE~P) 

: *********~···~···~····************************ 
: 

TrliS FUNCTION CALC~LATES THE X INTE~C!PT AT YTEMP 

X1=.<-XSAV 
Y1=Y-Y5l!V 
IF (Y1.~E.0.a> ~F~CTR=X1/Y1 

IF (Y1.~~.J.0) PFA:TP=Q.J 
Y2=YTE"'i>-Y5ll'l 
XI~TCP=Y2*?Fl!CT~+XSAV 

~ETJRN 

E~l D 
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c 

c 

c 
c 
c 
:: 
c 

c 

c ,. 
'" c 
c 
c 
c 
c 
c 

SUJ~:UTINE XYZ(~U,A,a,c,s,M,JFLAG) 

~~~=~sro~ ~J<3>,J<3>,~<3,2> 
R:::AL !',,Y,U 

AL 0 ~~ ~~D ~!TA ~£L4TE TH5 Y A~D Z C0~ 0 0NE~TS OF ~ TO 
THf X CC~PON!~T a: ~. 

******~*****~*·k~*-***********•********************•************• 

ALPHA = MUCZ> I ~U(1) 
3ETA = ~J(3) I MU(1) 

*•******************************************~******************** 

SOLVE THE EDUATIOH FO~ ELLIPSE 'N' TO FIND A 0 0l~T ON 
THE ELLIPSS TH'T ~ILL DET5~~INE A V~CTOR ~. 

T1=A+P•ALPHA*ALPHA+C•SETA•~ETA 

T2=2•A•SC1>+2*~*ALPHA*S(2)+2*C*3ETA*S(3) 
T3=A•5(1)**2+3•SC2>••2+C•SC3>••2-1 
TEM 0 = T2 * T2 - 4 * T1 * T3 

***************************************************************** 

NO SOLUTION MEA~S ELLIPSOI' '~' NOT TOUCHED 3Y LI~E OF 
SIGHT RAY. 

************************~**************************************** 

IFCTEY?.LT.J.Q) GO TO 2 
TE~:>=SQRTCT5.:"1?) 

*************************************************************~*** 

FI~D TWO POSSI3LE M VECTj~S 9ECAUSE A RAY E~TERING A 
SOLID ~UST ALS~ LEAVE. 

******~***********•**********•*********•*********~*************** 

~(1,1)=CT2+TE~P)/(2*T1) 

~{Z,1>=ALP~A*~(1,1> 

M(3,1J=3ETA*~(1,1) 

M(1,2>=CT2-TE~:>)I(2*T1) 

M(2,2>=~LPHA*~(1,2) 
~(3,2)=eETA*~(1,2) 

JFL4:l=O 
~<:TURN 

2 J IOLA:l=1 
RETUI{N 
END 
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1532 
1533 
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REAL FUNCT~ON YINTCP(x,y,x~AV,YS~V,XTE~?) 

···················*~***************************** 

THIS Fu~CTION CALCuLATE$ THE Y I~TERCEPT AT XTE~P 

: ·-****•***••************••··-····················~ 
.<1=X-X~AV 
Y1=Y-YSAV 
IF (X1.~E.Q.Q) PfAtTQ=Y1/X1 
Ir C.<1.~~.G.0> ?FACTR=O.O 
X:!= XT:::'P-Y ~·' V 
Y!NiC?=X2•PFACTKTYSAV 
ii:':TURN 
EN;) 
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c 
c 
c 
c 
:: 

c ,. ... ,. ... 
:: 
:: 

:: 
c 

c 

c 
c 
c 
:: 
:: 
: 

sus~ouTr~E vzc~u,A,3,c,s,~,JFLA~> 

~iME~SION ~U(3),S(3),K(3,2) 

R:AL ~U,M 

*******************************•········· 

******•********************************** 
AL?H'=~U(3)/~UC:> 

*****•************•*************•***w**** 

SOLVE THE E~U~TIO~ FO~ ELLiPS5 '~' ~HES X=O TO 
FIN~ A P~INT 0~ THi ELLIPSE THAT WILL OETER~I~E A VECTOR ~. 

*****************************•*********** 
T1=~+C*ALPHA*ALP~A 
TZ=2•3•SC2>+2•C•ALPH~•S(3) 
T3=A•S(1)**2+~•SC2>**2+C•SC3>••2-1 
TEY.P=T2*T2-4*T1•T3 

••****•********************************** 

NO SOLUTIO~ MEANS ELLI~SOI~ '~' ~OT TOUCHED dY LINE 
OF SI5HT P.AY. 

***************************************** 
IFCTEMP.LT.O.O> GO TO Z 
TE ... P=S~!ITCTE!Il?) 

***************************************** 

FIND TWJ ?OSSI3LE M VECTORS BECAUSE A RAY E~TERING 

A SCLIP ~JST ALSO LEAVE. 

***************************~************* 
~(2,1>=CT2+TE~P)/(2•T1) 
IH1,1>=G.O 
~(3,1>=AL 0 HA*~(2,1) 

~(2,2)=(T2-TE"P)/(2*T1) 
'l(j,2)=0.Q 
~(3,2)=AL~HA•~(2,2) 

JFLAG=O 
RETURN 

2 J FLAS=1 
.-:::TURN 

;: ~· D 
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:: 
: 
: 

:; 
c 

SU2ij~~TIN~ Z(MU,A,3,c,s,~,JFLAG) 

CIY~N3IO~ ~U(3),S(3),~(3,2) 

~i:4L ~:,Y,U 

~*******************•*****************••• 

SOLV~ TH~ E~J4TION FOR 5LL!PSE 'N' ~HE~ X=O ANJ 
Y=J T: FI~) A ?Ol~T ON TH~ ELLI?S~ TriAT 
~ILL ~ETE~~INE A V~CTJR ~. 

T1=C 
T2=C:•C•S <3) 
T3=4*S<1>~•C:+j•S<2>••2+~•~(3)~•2-1 
T~Y. 3 =T2•T2-4•T1*T3 

***************************************** 

NO SCL~TI~N ~EANS ELLIP:OIO 'N' ~OT T~UCHEO ay LINE 
OF SIGHT HY. 

**************************~************** 
IF(TEHP.LT.O.Q) GO TO 2 
TE'"l?=S.«RT(TEMP) 

***************************************** 

~IND TwO POSSI3LE M VECTOPS aECA~SE A ~AY ENTE~ING 
A SCL!~ ~UST ALSO LEAVE. 

****************************•************ 
·~<1,1>=0.0 
~(2,1>=0.0 
~(3,1>=<T2+TE~?)/(2*T1) 

;·H1 ,2>=C.O 
~(~,2>=0.0 
Y.(3,2l=\T2-TE~P)/(2•T1) 

JrLA;;::o 
RETJi>"l 

2 J FLr-::=1 
~£Tli~N 

E!-10 
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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 broken 

down further if it is assumed that 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.l 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. 

~ 

Pu = 
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y 

DOUBLE PRIME 
ELLIPSOID 

COORDINATE 
SYSTEM 

#2 

X 

INERTIAL 
REFERENCE 
FRAME 

z 

VP 

Figure A.! Coordinate Systems and Vectors Used to Solve the Hidden l7ne Problem 
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COORDINATE 
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#1 

-p 
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+ -+ -+ 
V - VP1 + P11 = 0 : ~. 

using the ellipsoid equation 

+ + 
r • [A] r = 1 

1 
0 0 

a2 

+ + T S + A 0 1 
0 ( S - M) [A] ( - M) = 1 = 

b2 

0 0 
1 
c2 

sl Ml 

s = s2 M = M2 

Sg Mg 
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+ + + + 
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 - v1 J..ll 

MAG 

$2 - v2 

MAG = j.J = J.l2 

$3 - V3 

MAG J.l3 

where 

+ 
giving J.J in the direction of M must obey the following relationship. 

back to 

(s - M} [AJ (s - M} = 1 

174 



therefore 

expands to 

1 et 

1 A--
a2 

175 

1 c--
c2 



let 

only T2
2 - 4TIT3 must be evaluated to test for M1 on the ellipsoid. 

+ 
If M1 is real, then M is given by 

+ + 
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 - V1 - M1, S2 - V2 - M2, Sg - V3 - M3 ) 

+ SgMg - VgMg - MgMg 

If 1~1 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 ~ 1 equals zero, then an a and e cannot be found with the given 
expressions. Therefore, the following cases must be examined. 

Case No. 1 

~2 = 0 
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T1 = c 

T2 = -2CS3 

Use these T values back in the quadratic formula used earlier. 

Case No. 2 

~1 = 0 ~2 * 0 

sl 

s + M3 ~3 ~3 
- M = s2 - M2 M2 = ~2 

a=-
~2 

S3 M3 = aM2 

T1 = B + Ca2 

T2 = 2BS2 - 2CaS3 
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Use these T values in the quadratic formula and proceed. 

179 



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 three 
radial vectors as indicated in Figure B.1, r;, r;, r;. 

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 1 (3,3)] in the 
viewpoint coordinate system. 

A1 = [DVP] [D]T [A] [D] [DVP]T 
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X 

SLICE OF ELLIPSOID IN THE X-Z PLANE 

SLICE OF ELLIPSOID IN THE Y-Z PLANE 

ss z 

SLICE OF ELLIPSOID IN THE X=Y Z PLANE 

Figure 8.1. Three Radial Vectors 
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where 

and 

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

[D] = direction cosine matrix that transforms from the 
inertial ·to the ellipsoid frame of reference. 

Find the following three vectors 

rx 0 r 
X 

+ + ·+ 
r = 0 r = ry r = ry r = 

X ry 

rz rz rz 

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 r i-;- norma 1 

to the normal vector for the point defined by ron the ellipsoid. See 
Figure 9. 

+ n = A'r 

+ 
A'r = 0 

~ + T + 
(SS + r) A' r = 0 
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+TA I+ 1 r r = 

This is the equation that subroutine SOLVR uses to return components for r 
-7 -+ -4 

that represent r 1 , r2, r3. 

Let 

-+ Case No. 1 be r 1 

-4 
Case No. 2 be r2 

-+-Case No. 3 be r3 

in all three cases 

expanding the left hand part gives 

r = -1 
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With each case of r the expression reduces to 

as = A'23 

a6 = A • 33 

true for all cases 

Case No. 1 Case No. 2 

a1 = A 'u a1 = A I 12 

a2 = A I 21 a2 = A' 22 

a3 = A I 31 a3 = A • 32 

Making another substitution, let 

Then rx;v can be solved for by the following equation 

82 1 
rX/Y = - if! rz - 1fl 
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Case No. 3 

a1 = A I 11 + A I 12 

a2 = A'21 + A'22 

a3 = A' 3 1 + A'32 



-+ -+ now rl' r2, 

Since 

-+ is written and rg 

s2 1 
-a! rz - a! 

+ 
0 rl = 
rz 

0 

+ s2 1 r2 = - 1fl r -]1 1 z 

rz 

e2 1 
- a! rz -81 

(

- ~ 2 

rz - _...!_ ) s1 e1 

rz 

+TA.+ 1 r r = 

rz can be found for any one of the three cases, if the above expression is 
expanded, the following general form results. 
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Case No. 1 

Case No. 2 

Y3 = A I 33 

Case No. 3 

now by substituting 

results in the following expression 

expanding and combining like terms yields 

(B2) 2 132 132 
l: L Y1 7fl + Y3 Y2 if! rz2 + 2y --

131 2 13 1 

fz 1 r + Yl "'i3l -1 = 0 
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Let the coefficients for the terms rz2, rz, and constant term be 
represented by T1, 5T2, and T3, respectively. 

rz - - ------,...,....,.-----

e2 e2 
rZ/Y = - "'i3l rz - 1fl 

Values for rx, ry, and rz can be obtained depending upon what case is being 
solved. 

SOLVR subroutine wi 11 return vector components for any of the three 
cases. 

Definition of call to SOLVR subroutine 

CALL SOLVR (Ab A2, A3, A4, As, AG, A7, As, ss, R1, R3) 

Case No. 1 Case No. 2 Case No. 3 

A1 = Alu A1 = A I 12 A 1 = A I 11 + A I 12 

A2 = Al21 A2 = Al22 A2 = Al21 + Al22 

A3 = A I 31 A3 = A I 32 A3 = A I 31 + A 32 

A4 = A I 13 A4 = A I 13 A4=A 1 13 

As = A1 23 As = A1 23 As = A I 23 

AG = A I 33 AG = A I 33 AG=A 1 33 
\ 
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A7 = A I 11 

Aa = A 113 

ss = ss 

Rl = X component 
of r1 

R3 = Z component 
of r1 

Aa = Al23 

ss = ss 

Rl = Y component 
of r 2 

R3 = Z component 
of r2 

A7 = A I 11 + 2A I 12 + A I 22 

ss = ss 

Rl = X and Y component 
of r 3 

R3 = Z component 
of rg 

After SOLVR constructs all three cases for vector r, these three vectors 
are used to find an ellipse matrix [a] on the projection plane. The pro
perties of the three r 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 t onto the Projection Plane 

-+ 
rl 
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r' Tar' = 1 [a] = (au 
a21 

Since there are three rt 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]. 

This condition is true only for the vectors that represent the major and 
minor axis of the ellipse. 
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The only way No. 1 and No. 2 can be zero is if 

These are the major and minor axes vectors. 

These vectors must also satisfy the ellipse equation 

+ + ar = A.r 

+T + r ar = 1 

190 

[1] 

[2] 



since A is a scalar 

~ +T+ 1 
~~.r r = 

2 2 
A A 

X + y 
1 =x 

Both eigenvalues can be found by solving 

= 0 

A = 
a11 + a22 ± [(au+ a22) 2 - 4(aua 22- a 122)J112 

2 

-+ --.. Using these two eigenvalues, r 1 and r2 are determined and must be 
normalized by the relation 

1--..12 1 
rl =A 

These equations are used to circumscribe the ellipse with a rectangle. 
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CONVEC {I,1,K) = p;- ~ = r;- rt- r;- r; = -2FT 

CONVEC {I,2,K) 

CONVEC {I,3,K) 

CONVEC {I,4,K) 

I = 1,2 for vectors on the projection plane 

K 1, 2 , 3 , 4 , • • • • 90 

K is an ellipsoid number or polygon number. 

192 



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 r or beyond the tip of 
~. The figure shows that if Tau is less than one, the intersection point 
lies between the two points VP and PT. 

A 

Tau is found with the following equations (where N is the normal unit 
vector to the plane). 

+ 
N • C = 0 

+ 
N • r• N • P = 0 

L = 
A 

N • p 
N • p 

+ + + 
C = r• - P 

• ) 1 point is not blocked by the intersection point. 

193 



PT 

KNOWN POINT ON PLANE 

PLANE/ 

Figure C.l. 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, 

· "P""i"P2 and P3'P4 

where 

P. = (x. ' Y. ) 
1 1 1 

Consider all parallel lines to be nonintersecting. 

The Regular Configuration-- Neither of the line segments is vertical. 

The line which contains~ has the equation 

Y2 - Y 1 Y - Y 1 

which simplifies to 

y = (x - x1) m1 + Y1 

where 

Y2 - Y1 

Likewise the line containing P3P4 has the equation 
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y = (x - x3) m2 + Y3 

where 

Y4 - Y3 

Since at the point of intersection 

then equating and solving for xo yields 

xo = ---------ml - m2 

To determine if the point of intersection of the two lines is on each line 
segment, note 

'i96 



Then let 

~ . . . . 

t = 

s = 

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 will be a zero denominator in one of the mi •s. Therefore, provided 
the nonvertical segment is not horizontal, make the substitution 

p.• = y., X· 
1 1 1 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 PlP2 is vertical and PgP4 is horizontal. 

In this case 
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so 

likewise 

Y3 - Y1 
t =--

Y2 - Y1 

s = 

then if 0 < t < 1 and 0 < a < 1 , there is an intersection. 
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