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FOREWORD

This report describes work conducted wi thin the Air Force Aero-

Propu ls ion  Laboratory , Turb i ne Engine Division , Components Branch (TBC),

Wright-Patterson Air Force Base, Ohio. The work was accomplished under

Project 3066, “Gas Turbine Technology ,” Task 06, “Turb ine Technology ,”

- Work Uni ts  02 , “Turbine Aeromechanical Analysis ,” and 27 , “Computat ion

of 3-D Flows in Turbomachi nery,” between August 1975 and August 1976.

This report was submitted by the authors in September 1976.
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1. INTRODUCTION

The ~iti1ity of the digita l computer for sci~ ntific calculat ion and

the human labor saved through its use are well I-’nown . Not long after

digital computers came into popular use for number crunching , it be-

ca me apparent that a great deal more human labor could be eliminated

if the computer could generate graphic output as well as the normal

printout; it is now unusua l to find a computer instal lat ion of any size

which does not nave some sort of graphic capability. The advent of the

interactive graphics terminal which allows rapid generation of graphs,

pictures , and in some cases moving pictures added another increment

of flex ibility and has indeed become a technical field itself.

The software provided with most computer graphics facilities is

desi gned primar i ly to genera te the familiar cartesian g ra ph i cs of Y vs X ,

since most data is amena ble to th i s format. Not ‘all data , of course,

fits . One often wants to draw a picture of a surface , say Z = f(x,y),

or he may wish to draw contours of constant Z on the surface or he

may wish to view the surface from different viewpoints or both. One

also wishes at times to draw a pi cture of a sol id object either wi th or

wi thout the detai ls of the si de away from the v i ewer. Most graph i cs

installations have available software to perform some of the above

tasks though probably very few have all.

We offer in this report a selection of graphics software which

we have developed. In most cases , program listings are included ,

alon g wi th sample results . Except for the contouring algorithms ,

we have included a technical discussion which is sufficiently detailed

for the reader to write his own software if necessary .
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The contourin g algorithms in Section 2 are complete except

for a driver program and have pr-oven so, versatile that there

has been no need to change them since they were originally written.

Their operation is completely described in Reference 1.

Section 3 addresses three-dimensional graphics with perspective ,

emphasizing basic pri nciples . Only a simple program is listed in

order to show one app lica ti-on of the procedures involved.

Finally, in Section 4 we present two hidden line algorithms

and compare their performance on the same object. The first is

a direct implementation of Roberts ’ algorithm ; a program listing is

included . The second can trace its ancestry to Warnock’ s algorithm .

We found a direct implementation to be unsatisfactory because the

orig ina l algori thm subdiv ides the picture unti l it finds a sub-

scene simple enough to handle. The resulting line lengths were all

too often at the resoluti on limit of the plotting device , which

therefore increased the execution time tremendously besides yielding

an untidy picture .

2. The Contouring Subroutines LEVEL1 and LEVEL2

2.1 General Descripti on

It is sometimes necessary or convenient to plot contours

of a function of the form z = f(x,y) where Z is tabulated over a

rectangular field. The two sets of subroutines described here are

fast, easy to use, and do not require large amounts of computer

storage.

LEVEL1 and LEVEL2 are basicafly FORTRAN ver~ions of the

ALGOL procedures CONTOUR1 an d CONTOUR2 which are described in

2
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Reference 1. Certain features have been added to increase their

generality . 
- 

/
LEVELI traces contours through a rec~angular mes h , using

l i near i nterpola ti on to fin d the i ntersec ti o ns of t he contou rs wi th

the sides of each mesh element (See Fig ‘a). LEVEL 2 constructs

a fifth point at the center of each mesh element. The height of

this po int i s def i ned as the avera ge of the he ig hts of the four

corner points (See Fig ib). It then finds the i ntersections of the

contour with the diagonals as well as the~ sides of the mes h el ement

and thus produces a smoother curve . This is the only difference

between the two su brout i nes . For a more thorou gh di scuss i on of the

internal logic , the reader is referred to the original report.

Usage of the two routines is identical , requiring only one

call with eight arguments to obtain contour plots in either polar

or cartesian coordinates. Both require the user to supply a logical

array which has the same FORTRAN dimensions as the array to be con-

toure d. T hi s arra y is used for i nternal bookkee p in g; if stora ge i s

short , another array in the cal l ing program may be used via the

EQUIVALENCE statement. Additi onally, one nee ds an arra y of X values

which mus t be nionotonically increasing or decreasing, but need not

be un i forml y s pace d ; a s im i lar arra y of Y values ; an d an arra y of

contou r heights . The contour heights need not be in any particular
‘order . There is also no need to worr y about re quest i ng a contour

above or below the Z array; if the subroutines do not find any

intersections corresponding to a given contour , the y sim p ly move on

to the next.

The genera l operation of the two subroutines is as fo l l ows:

The array of contour heights is processed in order. For each height,

3
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a. Basic rectangle used by LEVEL 1
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b. Augmen ted rectangle used by LEVEL2

Figure 1

Contouring Meshes —
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the subroutine scans along the mesh boundary , starting at the l ower

left corner , unti l it finds an intersection with the hi,a~ ~~~~~ on

right as one faces into the mesh. It follows this contour through

the mes h , always keeping the high ground on the right, un til t he con-

tour emerges from the mesh. It then resumes scanning where it left off

and continues in this manner unti l all contours of the current height

which intersect the edges of the mesh have been found. Because it must

have the hi gh ground on the right, it cannot “refind” con tours it

has already traced. When the open contours (those which intersect the

edges of the mesh) have been processed , the su brout i nes searc h the

i nter i or for close d contours or i slan ds , again keeping the high ground

on the right. When all contours have been processed , con trol returns

to the calling program .

Neith er su b rou ti ne draws the boundar i es of the mesh , nor do

they label the contours . The user may not want the bounda ries drawn

or the boundaries may not describe a rectangle , as in some of the

examples . If the boundary is a rectangle , one can eas i ly d raw i t

in the calling program. Similarly, it is diff i cult to p lace numer i c

contour labels on a plot where they will not be overwri tten. The user

usually knows enough about the data being contoured to mark the first

and last points of each contour , as shown in one of the examples.

2.2 Application

The calling program must p , .v ide the arrays X , Y , Z~ U, and H.

For e x a m p l e ,

DIMENSION X ( i ), Y ( j ) ,  Z ( i ,j), U(i ,j), H(k)

LOGICAL U

. . . (Sta tements defining X , Y , Z , and H)

5
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I = i

J = j

K = k

U(l ,l )  = .FALSE. (or .TRUE .)

CALL LEVEL 1 (X , Y, Z, H, U , I , J , K)

or

CALL LEVEL 2 (X , Y , Z, H, U, I , J, K)

Where

X an d Y a re arrays descri b in g the coord i na te gr id over the rec tan gu la r

mesh . Uniform spacing is not necessary , but the arrays must

be in ascending or descending order.

i and j are the number of elements in the X and V arrays , respectively.

There is no restrict i on on their  ma gni tude.

Z is an array containing the heights of the dependent variable at

each (X,Y) intersec tion.

H i s the array of contour height s to be plotted.

K is the num ber of contours . Neither K nor the order in which the

hei ghts are given is restricted.

U i s  a logical array which , exce pt fo r the f i rs t elemen t, i s set

internally . If U(l ,l) is set .FALSE., X an d V are assume d

to be in inches.

If U (l ,l) is set .TRUE., polar coordinates are assumed ,

with X in inches and V i n  radians.

I
6
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2.3 Source Listing s

Source l istings of LEVEL I , FOLLOW , LEVEL2 , PURSUE , and DRAW

~~
- appear in Appendix 4. LEVEL 1 calls FOLLOW to trace the contours and

FOLLOW calls DRAW to draw them . LEVEL2 calls PURSUE which calls DRAW.

Mos t mo d i f i ca ti ons of t he packa ge take p l ace i n DRAW , as w i ll be se en

in the examples .

2.4 Examples

2.4.1 Contouri ng Over a Simple Rectangular Array

Pro g ram ONE , listed in Appendix 4, reproduces the

two example figures from the original report . The first (Fig. 2) is

drawn with LEVEL 1 and the second (Fig. 3) is drawn wi th LEVEL2. The

effects of the different methods of interpolation are clear.

2.4.2 Labeling the Contours

One can identify the contours by printing out the X and

V arguments from DRAW; however, fo r lar ge mes~es this can produce many

page~ of output. A usually satisfactory alternative is to mark the first

and last point of each contour with a unique symbol . This is easily done

by adding a common block to LEVEL 1 (or LEVEL2) and DRAW to pass the con-

tour coun ter to DRAW . The coun ter can then be fe d to a symbol draw i ng

rou ti n e. The CALCOMP su b rou ti ne SYMBOL , for exam p le , has a reper to i re

of 15 symbols , numbered 0 through 14.

- 
‘
~ The listings of LEVEL1 and DRAW in Appendix 4 show how

this might be done. One might wish to make it an option and pass the

controlling i nfor mat i on throu gh the arr ay UNUSED , since none of the

points on the mesh boundary (except the first) are used.

2.4.3 Contouring in Other Coordinate Systems

The onl y requirement here is that the mesh be

rectangular in some coordinate system . Then a transformation can be

7
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built into DRAW to compute and plot the corresponding (X,Y) coordinates .

The followin g two examples wil l illustra te.

2.4.3.1 A Joukowski Transformation

This is the familiar cylinder-to-airfoil

transformation from classical flu id mechanics . The stream function

was defined over a rectangle in cartesian coordinates and the stream-

l ines (contours of constant stream function) were traced in this space.

The Joukowski transformation was applied to each point passed to DRAW

to draw the airfo il and selected streamlines . The variable RAM in the

coimi~on block TRFORM is used to suppress drawing any par t of a stream-

line which falls inside the cylinder in cartesian coordinates ( I f  these

are l eft i n , there resul ts a very messy plot because they map into

points outside the airfoil). The cylinder and corresponding airfoil are

shown in Figures 4 and 5. The protuberances at the two-o ’clock an d

four-o ’clock positions on the cylinder are standing vortices .

2.4.3.2 A User-Defined Transformation
I

In this examp le , the s tream f u n c t i o n  i s

defined in (X ,0 ) coordinates , where ~ ~~~~~~~~~~~ 
and V U and Y L

are tabular functions of X. The streamlines are traced in the X ,0

plane and when a point (X ,0) is passe d to DRAW , it uses the inter-

polating function ATKN to f i n d  the and 
~U corresponding to X.

It then com pu tes V from V 
~L + ~ ~~~~~ 

and displays the point.

The variable SY in the listing is a scale factor. The finished plot

is shown in Figure 6. The airfoils and upstream and downstream straight

lines were drawn by the calling program . The polar optionin DRAW was

not nee ded for th is p roblem , so it was omitted.

I.
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Figure 5

Jouko..Jsk i Air fo i l Wi th Separat ion
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Figure 6

Streaml ines Traced in X . 1  Plane and flra~in in X . Y  Plane
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2.4.4 Accumulat ing the Contour Points as an X-Y Array .

If for some reason , one wishes to store all the points

in a given contour an d draw them a l l  at once ra ther than one a t a

time , DRAW can be mod i f ied to do so . The lo gi cal var i ab les FIRST

an d LAST si gnal , as their names im ply, the beg inni ng and end of a

contour l ine. All that one needs to remember is that there may be

more than one l ine segment for a given contour height. An example

-, of this use is given in the section on three-dimensional graphics .

2.5 Do Not .

If one w i shes to contour over a subset of an a rray , say a

I 20 x 20 subset of a 40 x 20 array, do not tell  LEVEL 1 or LEVEL2 that

the array dimensions are 20 x 20. The algorithm used by FORTRAN

- 
to find the relative location of a variable whose subscripts are I,

J in an M x N array is I-l +Mx(J-l). LEVEL1 and LEVEL2 would assume

I 
M to be 20, whereas the array was defined wi th M=40. The resulting

plots can be interesting. The proper way to proceed is to set the

unused part of the array to a va lue  far dif ferent from that to be

contoure d an d sup p ly the ent ire  array to the su brout i nes .

3. Three-Dimensional Graphics wi th Perspective

3.1 General Overview

The generation of a perspective drawi ng of a solid object

from an arbitrary viewpoint in space requires three steps . First ,

the coordinates of the object are translated from its (object) coord i nate

system to the v iewer ’ s (eye) coordinate system , then the eye coordinates

are rotated to ali gn with the viewer ’ s l ine of sight. Finally, the

perspective transformation is applied and the object is drawn . The

14
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h idden line problem is not  addressed here, although th is is a necessar y

prelude. It is presented in Section 4.

3.2 Translation from Object Coordinates to Eye Coordinates

We assume , for reasons which wi l l  be apparent , the obje ct

to be located near the origin of i ts coordinate system . Then the

translation is only mildly intricate . Consider Figure 7. The view-

point (Xv ,Yv ,Zv) specified in the obj ect coordinate system is taken

as the origin of t n  ey~ ‘— oord inate system , in which coordinate points

are denoted as (Xe , e, Le ) . By inspection of Figure 7 , we see

Xe = Xv — X

Ye = Z-Zv (3- 1)

Ze = Yv -Y

These relations can be expressed more neatly in matrix form:

7Xe\ 7-1 0 o\ 7x - Xv~\Ye ) = ( 0 0 1 ) ( V — Yv ) (3-2)

-l o/ \z - Zv/

Or

Xe = { F ] (X - 

~ i) (3-2 a )

Equation (2) holds for posi t ive Yv .  If Yv is zero or negative ,

r E ]  takes the  form

7 1 0 0

F o (3-3)

3.3 Coordinate Rotation

Now we rotate the eye coordinate system so that the Ze ax is

points at the “rigin of the object coordinate system (which is why

we assumed the object to be located near the origin of its coordinate

1~
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The Object Coordinate System and The Eye Coordinate System
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sys tem). This takes two steps - -  a ro ta ti on through ang le ~ about the

Ye ax is so that Ze points at (0,O,Zv), followed by a rotation through

angle ~ about the Xe axis so that Ze points at (0,0,0). From

- l X v  . ittrigonometry , B = -tan (~-~-). If Yv is zero , B = for posit ive Xv

and - for negative Xv.  Similarly, ~ - t a n k Z v / /tXv + Y v 2 )]

The matrix for the firs t rotation is

~ 0 s i n

R 1 =( 0 ) (3-4)

B 0 cos~~~’

After this rotation , the Xe component of (O,0 ,Zv)  wi l l  be null. In

eye coordinates (0,O,Z v ) i s (Xv ,O ,Yv).

The second rotation operates on the result of the f irst

ro tation to null the Ye component of [R 1]Xe. The rotation matrix

i s  
-

( i o  0~~~\
R2 = ( 0 cos -sin (3-5)

sin j

If we denote the translation matrix (3 —2) and (3-3) symbolically

as

/
/f O O \

\
\

F = ( o  o 1 )  (3 -6)

we can combine all three matrices, thus:

[1] = [P
2

][R
1

][F]

cos i~ f sin ~ 0

( f sin ~ sin -f sin ‘ cos ~ cos ~ (3-7)

sin cos ~ f cos cos B

17
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3.4 Perspecti ve Transformation

This is the simplest part of the entire process. Referring

to Figure 8, we cons ider the point P (Xe,Ye ,Ze) on the object and

treat the screen (or the plotting surface) as a window through which

the obj ect is seen . Assume the viewer ’ s eye to be a distance b from

the window . By similar triangles , the point P’ (Xs,Ys) on the screen

is related to the point P on the object via

Xs — Xe
b Ze

(3-8)
Vs — Ye
b Ze -

The essence then of generating a perspective image is simply

to divide the i~e and Ye coordinates by their corresponding Ze values ;

i.e., their depth. In practice, this can generate unacceptably

small  p ic tures . More sat i sfac tory p ictures resul t if we assume the

distance b in equations (8) to be unity and scale the Xs and Vs

values to give the largest possible pi cture within a speci f ied frame.

3.5 Scaling

The fi nal step before displaying the picture, whether on

a terminal screen or an X -Y plotter , is to scale the Xs , Vs values

so as to pro duce the lar gest pi cture whic h w i l l  f i t  inside a given

frame and also to have the picture centered j r the frame. This

requires that the entire object (all its xyz coord i nates ) be trans-

la te d , rotate d , an d coiverted to perspective coordinates . (If multiple

v iews are to be d rawn , t he new coor di na tes w i l l  have to be store d

i n se parate arra ys or the ori gi na l s  w i l l  have to be ke pt on a mass

storage file and reread for each new view). The new coordinates are

scanne d for the maximum an d m i n i mum X an d V va lu es , w hi ch are used to

18
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The Screen Coordinate System
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Fi gure 9

Sca 1 i ng No ‘ en: 1 a turn
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compute i i nnur tr unsfont ui t ions of the form Y’ Ay + B. PI ’for ri ng

t i  Figur~ 9, we see tha t  th~ frame runs from 0 to XF and 0 to YF. We

want A and B to be such t I i t V ’ rnin is 0 and Y ’ rnax is YF. Accord i r i ’j l y ,

~-ie set

AY m in + B = 0

A Ymax + B = YF

So lv ing s i m u ltaneou n ly yields

A = YF/ ( Yma~ -Ym in )
(3-9)

B = _ A *Y m in

Tkm e  X dir ’€u . t ion must be scaled by the same amount , but we

can ’ t use the same transform at ion because the result ing picture may

be sh i f ted too far le f t  or r ight. Therefore . w -  define a subarea

of the frame whose w id th  is RXF (See Figure 9) and which is centered

so that it extends RXF/ 2 left  and right of the vert ical  center l ine.

The w idth RXI is def ine~ as

R XF = XF 
~~~~~~~ 

(3—1 0)

-: 
Proceed ing as before . w~’ - , n r , i ~~te the l inear transformation X’  = CX + D

such that

CX m in + D = X F/2  - RXF/ 2

CXm ax + D = XF / 2 + RYF /2

From wh ich

= RXF / (Xm a x—Xmin )
(3—11)

D = (XF -RXF ) /2  - CX m in -

The above ass u~ es that the projected v iew is hiihcr ft1in it is

w ide; i.e. . th3t Ymax— Yniin ~
- Xmax-Xmin. If the opposite is true, we

follow the same procedure , hut with the roles of X and V interchanged.

Note that the scali ng procedure described here is nDt

20
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restr ic ted to three -dimensional graphics . It wi l l  work for two-

dimensional drawings as well; after all , the drawing of a three-

dimensional object is two-dimensional. Also , a drawing generated

with this systeni w i l l  not require clipping ; i .e. ,  the delet ion of

portions of l ines wh ich fall outside the frame .

3 .6 Contour i nj  in Three Dimensions

Drawing contours in three dimensions differs from the

two-dimensional case only sl ightly. Rather tha n drawing each

increment of the contour as it is found , the contour coordinates

are stored until the enti re contour is found , then the contour

points are translated , rotated , converted to perspective , scaled ,

and drawn en masse. The hill picture in Figure 10 was drawn in

this way using the accumulati ng version of subroutine DRAW l isted

in A ppendix B.

3.7 Summary

The generation of a perspective drawing of a sol id object

from an arbitrary viewpoint in space has been shown to be a straight-

forward step-by-step procedure. The individ ual steps can be remembered

from the mnemonic acronym TRAPS , for Trans late , Rotate , Add Perspective ,

Scale . The drawing of a turbine blade shown in Figure 11 shows a

typ ica l result. The drawing program is listed in Appendix C.

Please note that the procedures described in this sect ion do

not delete hidden lines although they are integra l to a hidden line

algorithm . The pictures obtained here are the so -ca l led wire frame

variety and are entirely satisfactory for many applications. Hidden

line eli r ’ination begins where the foregoing leaves off , and is treated

r. in deta il in the next sections.
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Contours in Three Dimensions
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4. Hi dden Line Algorithms

4.1 Introduction

One fre quentl y w i shes when draw ing th ree d imens i on al

objects with a computer that he had a way of eliminating the back

lines; i.e.,  those which are on the other side of the object from

the viewer . The drawing of a turbine blade in Figure 11 is an

example. The back lines are so dense as to obscure the picture.

Ideall y, the line -hiding algorithm should not be too difficult to

a pp l y nor take a lo t of stora ge nor take a lot  of t ime to execu te.

The two al gor i thms p resente d here i n part i a l ly  ful fi l l  these

requ i rements . Both require  some da ta preparat i on bu t memo ry requ i re-

rnents are determined by the number of data points on the object to

be drawn rather than by program size and run time s are acceptable if

not brief.

The descripti ons to follow will include program listings

and discussions sufficiently detailed that the reader can use either

1 method on his own problems with a m inimum of mod i f i c a t i o n .

4.2 Roberts ’ Algorithm

4.2.1  Roberts ’ algorithm takes the approach that each

line in the three-d imensional scene should be tested against every

opaque surface to determine which portions , if any , of the line

are visible. As such it is particularly convenien t for scenes such

as the hil l in the previous section where one may wish to add

selected cont ours to the basic hill , or for the turbine blade in

Fi gures 11 and 17 through 22 where one may w ish to leave out part

of the object and show the interior.

The basic concepts invol ved are quite simple ,

but the implementation gets to be very intricate . Everything In

p., 24
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follow builds on these three concepts : (1) Solid objects are

represented as plane convex polyhedra , convex because a solid is not

able to hide itself. Concave solids; e.g. , horseshoe , can be bui l t

of adjoining convex sol ids , say three (or more) straight bars. (2)

Each plane of each pclyhedron is represented by an equation of the

form

ax + by + c z + d = O  (4-1)

The plane equations are stored as column vectors of their coefficients

a
b

Po = c

The set of column sectors for a body can be considered as a 4 by

n Matr ix, called the Volume Matrix:

a , a  . . .a1 2  n
V =  b1, b2 .  . . b

c , c  . . l c1 2 n
d , d . . . d1 2  n

(3) A general point in space can be represented by a row vector ,

So = ( x , y, z , 1). If So is on Po , the dot product Po.So is zero

by eq (4-1). Furthermore , if So is not on Po, the si gn of the dot

product tells which side of the plane the point is on. Roberts

uses the convention that points inside the polyhedron yield

positive dot products . Then points between the viewer and a visible

plane w i l l  y ield negative dot products. This fact w i l l  be very useful

later.

4 .2 .2  First Example: Basic Concepts .

Consider the 2x2x2 cube in Figure 12. Its sides are

25
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Figure 12

Cube with Hidden Lines Deleted
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the p lanes :

1. x - l  4. y = 2

2. x = -3 5. z = 0

3. y 0 6. z = 2

A point inside the cube is ( -2, 1 , 1 , 1).  The reader can

easily veri fy that the dot product of this point with every colu m n in

the volume matrix below is posi t ive .

r-l 1 0 0 ol
( 0 0 1 -1 0 1

V = I 0 0 0 0 -i (
[.1 3 0 2 2]

4 .2 .3 Eliminating Back Lines

The easy part of hidden line elimination fol lows . The

fi rs t step is to choose a viewpoint and translate and rotate the xyz

coordinates of the vertices of the solid just as in Section 2.3 “las

which we translate and rotate the volume matrix. The rotation matH x

is the same as eq (3-7) wi th  a fourth row and column added:

f cos B f sin B 0 0
R = f sin a 5 m B  -f sin a cos ~ cosa 0 (4-2)

-f sin B cosa f cos a cos B cos~3 0
0 0 0 1

The plane translation matri x is:
4

0 0 ol
T =  ~0 1 0 0J

10 0 1
LXV Yv Zv lJ

Where (Xv , Yv , Zv) are the object coordinat es of the

v iewpoint .

The translation matrix premu ltip lies the volume matrix and the result

is p remultip lied by the rotation matrix to yield the rotated volume

matr ix, B.

a. 27
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The rotated volume matrix B RTV contains the

information needed to determine which planes are hidden . As a result

of the sign convention for planes, the s ig ns of the en tr ies of the

third row (the one containing the z coefficients . C~) will be negative

for hidden planes and positive or zero for visible planes . Thus ,

if both planes whose intersection defines a line are invisible , that

line is invisible. If either plane is visible the line is visible. F

Our cube in Fi gure 12 wa s drawn from these cri ter i a:

4.2.4 Second Example. Drawing the Cube

The v i ewpoint in Figure 12 is (-4, -4, 16) for which

the rotation matrix is:

0.7071 -0 .7071 0 0
R = 0.6667 0.6667 0.3333 0

0.23 57 0.2357 -0.942 8 0
O 0 0 1

Per form i ng the matr ix  mul t i pl i cation , we obta i n t he rotate d volume

ma trix.
I

[-0.7071 0.7071 -0.7071 0 .707 1 0 0
B = 1-0.6667 0.6667 0.6667 -0.6667 0.3333 -0.3333 1

J — O . 2 3 5 7  0.2357 0.2357 -0.2357 -0 .9428 0.9428 1
L3 -l -4 6 16 -14 J

Note that the above does not include the perspective

transformation. We w i l l  dea l with that presently.

The third row of B above contains negative entries in

columns 1, 4 , and 5 which means tha t planes 1 , 4 , and  5 of the  cube

are not v is ible. As we look at Figure 12 , we can see that this is

in deed the case .

4.2.5 The Hard Part : Adding Another Line to the Scene

The process just described is adequate for drawing

simple objects such as cubes, prisms , etc. However , it does not take

28

a.

I

~~~~~ .~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~i~~~ M- ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-

~
-

~~~~~~~ 
. .

~~



—--~~~—~~~
-
~~~~~~~~

-
~~~~~

- -—-  ,

~~~

-- 
~~~~~~

-

~~~~~~~~

-- -

~~~~~~~

long to exhaust all the possibi l i t ies . If we want to draw s o - e t v H n g

more complex , such as two cubes , or even add the axes  i n  Fi gure 12 ,

we have to test each line against each volume in the scene . If

there are two or more volumes , eac h li ne of each vo lume whi c h passes

the back line test must then be tested against each volume except

its own.

Each line is represented parametri cal ly in terms of

its end points; thus a line from (X l , Yl , Zl )  to (X2, Y2 , Z2) is:

- 7x2\ fXl - X2\
v =  fY2 ~ + t I Y l - Y2 )

: (4 -4 )
o r v  = s + t d

Wh ere 0 < t <l  so that when t = 0 we have the end of F

the line and when t = 1 we have the beginning.

The 1 a t the bo ttom of the co lumn vec tors permit s the homogenous

4-space representation of points in 3-space. It may be thought of

as a scale factor. See Appendix II of Newman and Sproull for a

complete discussion.

Each value of t defines a point on the line (4-4).

We can form another line from that point to the viewer ’ s eye. (Recall

that in eye coordinates, the viewer ’ s eye is at the ori gin , z i ncreases

away from the viewer and x and y increase to the ri ght and upward

respectively.) Such a line is:
~~~~~~~~~ 

(4-5)
Where s, t and d are as above

g i s  t i io vector

n ~‘ 0 , s(~~l a r
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To determine if line (4 -4)  is hidden by a volun~~,

we post-multiply equation (4-5) by the rotated volume matrix of that

volum e; i.e., we form the product:

= t7 [B] = ~ [B] + t~ [B] + .
~~~~~ [B] (4-6)

If each component of the vector h is nor-negative for some values

of t , the line (4-5)  passes through the volume , meaning that the

line (4 -4) is hidden by the volume for those values of t .

Let us define

= ~ [B]
= ~ [B] (4-7)
= ~~[B]

Note t ha t  ~ is (from the def ini t ion of 
~~

) ident ical ly tne third

row of [B], the row we checked for back lines .

Equa tion (4-6) then becomes

p~ + tq~ - xw~ 0 (4-8)

Where j counts the columns ~m n [B] (or the planes

of the volume); i.e., for our cube we would have six equations .

We then look for the largest and smallest values of t which will

satisfy the set of inequalities (4-8 ) for a not negative. In essence ,
I

we have a linear programming problem with n equations and th ree

constraints ; namely, ~ > 0, t > 0, and  t < 1 . How do we go about

solving it? Let us look at another example , then we w i l l  consider F

some of the intr icacies of  the process in detai l .

• 4 .2 .6 Third Exa~ple: Testing a Line Against a Volume
1

Let us look at our cube again from the same v iewpoint ;

(-4. -4, 16). Say we want to add a line from (0, 1 , -5) to (-3.

4 , 5) in obj ect coordinates , deleting the part behind the cube.

30
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The rotated volume matrix is the same as in the second example

and the line (4 -4) become after translat ion and rotation:
,/4.9497’\ 74.2426\
( 2.3333 ‘

~ 
1-3 .3333 ‘

~= ~~2.4922) + t ~~9.428l)

Since we already know what ~ i s ,  we need only to multiply ~ and d

by R to obtain ~ and ~j:

~ =~~~~

)

and ~

We can there form six equations in t and using eq (4-8) .

1. 2 - 3t + 0.2357 :~ 0

2. 3t - 0.2357 -
~ > 0

3. 4 - 3t - 0.2357 > 0

4. 2 + 3 t ~~~0~2357 :i > 0

5 .  5 - l o t  + 0.9428 > 0

6. -3  + l o t  - 0.9428 - > 0

The graphs of these equations (taken as equal i t ies)  are plotted

in Figure 13.

To find the largest and smallest t which satisfy these

n-~uatio ns. we solve them simu ltaneously in pairs , then test the

result ing t and in the remaining inequalit ies , discarding any t

and ~ which do not satisfy all of them . In other words , we are

finding the intersections o1 the graphed equali t ies in Figure 13.

In addi t ion , we coi ’pu~e the intersect ions of each equali ty w i th

the lines t = 0 and t 1, discarding any for which c~ < 0 an- i test ing

~he rest in t~i : inequalities as before. A lso,  we f ind the in tersect ions

for which t 0 or t < 1 because solutions in these rann ”~ indicate

31
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that one end of the before given line is hidde n .

Throughout this process, we keep the largest and

smallest t’s i~hic h survive all ~‘f the tests. The final pair are

the left and ri ght extremities of the shaded qu adrilateral in

Figure 13. The given line is hidden for all values of t between

these two and visible otherwise, i.e.:

visible: 0 < t < t -
— ruin

hidden: t - < t < t
- mi n

visible: t < t < 1- max -— —

If  t . < 0 or t -> 1 , that end of the line is hidden.ruin max
In this example , we find ~ rui n = 0.5 and ~ max =

0.9545. The resulting segments are drawn in Figure 14.

4 .2 .7  Some of the Intricacies - ‘

It is possible to speed up the search for ~ mm and

max by elimi nating some of the graphed equal i t ies from considerat ion .

There are two criteria we can use:

1 . The g iven line is entirely in front of the body

and is not hidden.

2. The combination of p~
. q. , and w . is such that

the inequali ty (~~-2 )  w i l l  a lways be sat is f ied for 0 t < 1 and > 0.

To test for conip lc ~te v is ib i l i t y , we go b a c k  to the

definit ions ~f ~ and ~~, nq ( 4 - 7 ) .  3y the rule- of matrix multiplica-

tion , the jth component of ~ is tue dot product of the end point of

the gi-i ~n line with the j f plane of the solid. Likew ise. the jth

com pone nt o~ tne s r ~
- 

~ ( i .e. ,  t = 1) is the dot product of the

he’j inning of the iiven line with the j th plane of the so l id .  ~ie
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showed in Sections 4.2.3 and 4.2.4 that the jth plane is v i s ib le  if

w~ :- 0 and in 4.2.1 that points between the viewer and a visible

p lane w i ll yi eld negat i ve dot pro ducts . Therefore , if w~ ~
- 0. the

plane is v is ib le ;  if p
~ 

< 0, the end of the li ne i s be twee n the v i ewer

and the plane; and if p~ + q
~ 

< 0, the beg inn ing of the li ne i s

between the viewer and the plane. If both ends are between the

viewer and the plane, all other points on the line must also he

and the line is completely visible. Thus , our criterion is:

• w~ ~ 0 and P~ ~ 
0 and P~ 

+ q
~ ~ 0 (4-9)

-
~~ 

The equalities of p
~ and p

~ 
+ q

~ 
al low for the case where the lin e

is on the plane (dot product identically zero from eq 4-1).

If the criterion (4-9) is met , the remainder of the

proceduc~ can be skipped and the line drawn immediately. Obviously.

this can save considerable time in a complex figure where a given

line is as l ikely to be in front of a volume as behind .

Roberts g ives two criteria for eliminating a graphed

equality on the grounds that (4-8) wi l l always be satisfied.

The y are:

1 . w . < 0 and p
~ 

> 0 and q
~ 

> 0 (4-10)

2. w~ < 0 and p
~ 

> 0 and q
~ 

< 0 and p~ + q
~ 

> 0

In terms of the dot products , these mean that the given lin e is on

or behind an invisible plane. We cannot however assume the lin e

to be comp letely h i dden because al thou qh the plane i s in f i ni te in

- . extent , that portion of it which corresponds to a side of the volume

-
‘ 

is finite and the ends of the l ine may st ick out past it.

Roberts also gives two cr i ter ia for r~j ect i r t t 1  gr iphed

equalities on the gro unds tha t (4—8) will never be satis iied . They
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are: -

1. w~~> 0 a n d p~~~~0 and q~~K 0

2. w~ 0 and p . 0 and q
~ 

‘- 0 and p
~ 

+ q
~ 

0

We ca n see by inspection that these are contained in (4-9).

In practice (i.e., in a coniputer program), it .

is necessary to assign tolerances to the tests in (4-8) and

(4-9) to allow for round-off error. By trial and erro r , the fo l low i nC

we re fou nd to wo rk wel l :

(4-8): p~ + tq~ - ~~ ~ - io 6

(4-9): p~ < 10~~ and p~ + q
~ 

10~~ an d w~ 0

4.2.8 Perspective

Th e p rocess here i s al most i den t i cal to tha t described

in Section 3 .4 except t hat we do not ignore the z values and we must

transform the volume matr i x to the new coo rdi nate syste m , cal le d

• the sc reen coordinate system by Newman and Spro ull. The difference

between screen coordinates and eye coordin ites is that in screen

coordinates the viewpoint is it  z~ = - = , wh i le i n eye coo rd in ates ,

the viewpoint is ~t the ori gin. The screen in screen coordinates

is not at any particular z~ locat ion. The coordinate transformations

are simply:

= (4—il)

= Ye (4-12)S Ze

Zs = -
~~~ (4-13)

Or i n ma tr i x form~

/Xe\

~Y s }  = S L Ye)
\ZyI
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where
/l/ze 0 0 0
fO l/ze 0 0 4-14S = 1 0  0 0 -l/z
0 0 0 1

Transfo rming the rotated volume matrix from eye to

screen coordinates turns out to he very simple: B’ = ZB , where

A 0 0
Z = /0 1 0 o \  (4-15)

(o 0 0 -l
0 1 0

The line hiding procedure described above needs no

changes ; it works equally well in either coordinate system . Fi gure 15

is a perspective drawing of the same cube and the same line as the third

example. The t - i diagram is shown in Figure 16.

4.2.9 Summary of Roberts ’ Algorithm

The foregoing has described a method of generating

I 
hidden line drawings of simple objects . We have seen how the volume

matrix for a solid is generated and how the back lines of a solid are

eliminated. Sections 4.2.4 through 4.2.6 dealt with the difficult

problem of add ?ng another line to the scene via the parame tric

r e p r e s e n t a t i o n  of that line in space , the generation of the t-

diagram and the search for t - and t . Finally, we added theruin max
the option of drawing perspective views .

Roberts al gorithm as prese-~ted here is capable of

hand ling rather complicated objects if they arc built up of s impler
- .

• forms as the next section w ill show . It will fail nowever for two

L 

cases . Fi rs t ,  if tk ie given l ine pierces a body . the algorithm will

find a t at ore of the edges of the body rather than at the intersection

o~ 
ICe line and ~h pla ne. Perhaps thi s c old he worked out; jt has

3/
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Figure 15

Perspective Drawing of a Cube Hiding a Line
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not caused problems in the figures drawn to date. Second , it w i l l

not handle cases where two segments of the given line are hidden , as

when the given line passes behind the two arms of a horseshoe. The

im~~enienta tion given in the next section would leave out the section

between the arms . It would be possible to handle this case by treating

the su rviving segments of the test against one arm as two new lines to

be teste d aga i nst the other arm , then draw in g the su rv i vo rs of those

tests . This problem did not occur for the objects drawn so far and so

was not addressed .

4.2 . l n  The Last Example: Drawing the Turbine Blade • S

The turbine blade shown in Figures 17 through 22

is made up of two major units , each of which is in turn subdivided

into convex polyhedra . The fir tree base is divided into five polyhedra :

the rectangular bar on top , the trapezoidal slab beneath it, and three

hexagonal prisms below that. The blade proper is divided into four

tiers of 26 polyhedra each , for a total of 104. T he se a re wedge

shaped except for the leading and t ra i l in g  edges, which are made up of

triangular pyramids. I t  was necessar y to divide the blade this way

because the rectangular panels which are drawn are not plana r. Instead ,

• each rectangular panel is divided along a diagonal and treated as two

p lanes , each plane being a tr iangular face of a polyhedron. The diagonal

line is simply not drawn.

Each polyhedron has a numbe r , beg inning with 1 through

5 for the fir tree top to bottom and 6 through 109 for the blade start-

ing at the leading edge of the f irst t ier and progressing rearward

through each tier before going on to the next. Furthermore , each

plane of each polyhedron~ has a number which ul t imatel y corresponds

to a column in the volume matr ix. The actual plane numbering conv cnt irn

40
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does not matter. In t his case , the bottom planes of all segme nts of

the fir tree are assi gned nui~ber 1 and num bering proceeds counter-

clockwise as seen fro m -the positive x ax is (object coordinates). The

near end is next to last and the far end last . The blade uses a

d i fferent convention because of its different geometry . Each ax ial

increment is made up of lowcr and up er~ pri sms , the lower being for-

wa rd. The bottom plane of the l ower pri sm is number 1, the p ressu re

(concave) surface is number 2. the suction (convex) surface is number

3, the di agonal plane is number 4 and the forward plane is number 5.

The d i agonal plane of the upper pri sm is number 1 , the pressure and

suction surfaces are 2 and 3 , the top plane is number 4, and the rear

plane is number 5. Leading and trailing edge segments are special

cases having only four planes .

Eac h li ne which appears in the drawings represents

the i~,tersecti oo of two planes of a polyhedron. Accordingly, each

line is assigned a pair of numbers denoting which planes of wh ich

polyhedron , in the fo rm : pla ne number + 10 times polyhedron number ;

e .g. 15 would denote plane 5 of seg men t 1; and 13, 15 woul d ceribte

the intersecti on of planes 3 and 5 of se gment 1. These numbers are

— 
stored as LUST for the fir tree and LLISTB for the blade.

Finally, the XYZ coord inates of the end points of

each line are stored and the plane equations for all the segments are

stored in a single 4 x 548 volume matrix according to the numbering

convention. A list called ML IST marks toe beginning and length of

the part of the volume matrix corresponding to a given segment. l.hen

a viewpoint i5 selected , the coord inates are transla t ed , rota~ed an-i
I,

converted to perspective as described above . The transformed space -.

coordin ates are scanned for maximum and minim um x and y values and
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the scale fac to rs  descr I bed i l l  o r  t iOn 2.5 are compu ted . We ore ready

to draw .

Drawing begins wi th t1ie upper right b or er of the

front base of f ir tree and p roceeds clockwise around the 20 corru -r .

of that face. Each corner has three li nt - : associated with it and

each line has a pair of entries in LLIST . The first line goes from

the current corner to the nex t corner on t hn - same face, the second

goes lengthw ise fr orb ! the current corner to the corresponding corner

on the rear face , and the third goes frIj!I1 that corner to the next

corner on the rear face. As each line is selected , the main program

passes the appropriate pair of entries from LLIST to subroutine FINDM .

FINDM decodes the LUST numbers and returns the segment number in the

variable NM and the volume matrix column subscripts for the two planes

whose intersection is the line in the variables MV and NV. The main

• program then checks the signs of the Z coefficients in thtc e columns

of the rotated volume matrix. If both at- n.o~ative , the line is a

back line and is entirely hidden. If one or both are not , the main

p r o g r a m  f orms two vectors c on s is t ing  of the x , y and z components of

the beginning and end points of the line and passe 3 these to subroutine

HIDE.

Subroutine HIDE tests the given line against several

segments , excluding the line ’ s own segment which is denoted by NC .

The segments tested against are those wh ich appea r in the same region

or window ” of the picture as the given line. Windowing is discussed

in greater detail below . As HIDE tests the giv 1 line against each

segment , it keeps the sm a l l e s t tmjn (called Ti) and largest truax
(called T2) from all the tests and finally draws the line based on

40
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these cumulative values. HIDE calls subrouti ne SEEK to perform IC-

ac tual testi ng, giving it the s and d vector for the line id l i e

beg i nn i ng col u~!n and number of col umns in t i e  vol uric matrix wh i cC

correspond to that segment , via the varia bles Jl and J2.

Subroutine SEEK performs the function~ descri Lcd in

Sect ions 4.2.5 and 4.2.6. It computes the p and q vectors and attts tpl:

to eli minate some pf the i nequalities via the tests (4-9) and (4-10).

Subscripts of survivors are kept in the array M. If less than two sur-

vive , the given line is treated as visible. Otherwise , intersections

with the lines t = 0, t = 1 and ~ = 0 are computed and passed to

subrout ine VALID , wh ich tests to see that 4—8 is satisfied for all

subscripts in NI. If it is and the t is smaller than the current t

or large r than the current tmax~ VALID updates the ap propriate one .

O therwise , ‘ii~LID sim ply returns. The intersections with each other

are handled id en ticall y.

Drawin g of the blade proceeds sim ib arly. The lines

to be drawn are associated with the l ower of the two segments associated

wi th each axi al increment. The first goes rear-ward along the bottom

of the pressure side , the second goes rear-ward along the suction

s ide , the third goes upward on the pressure side and the last goes

upward on the suction side. Thus, the program proceeds rearward along

a t ier drawing a pair of L’ s at each axial i ncrement. The trai l ing

edne is closed wi t i  a line from the trailing edge list , LTE , and

the top of the final tier is drawn from the top list. LTOP .

In order to evaluate the time Roberts ’ al g o ri lh - would

require to dccv var /m i numbers of segments , b n notion to draw onl y

part of ~be blade was i nclude d i n t he rrnhlroll , The user may specify 1

to 4 tiers and 2 - 26 segments in t I e uppermost tier drawn and thereby

4q
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obtain run times for 5 to 1-1 )9 se qi ll eri t ’ . The partial blade is

furnished off b~ capping the partial tier with the bottom li m ie r ,

of the next tier above or with the top list as appropri a te . The

uncovered part of the next lower tier is capped with the remaining

bottom lines froirm t im i i i i  urni shed tier. The bac h of the last seqsi ent

in the unfurnished tier is closed with the two vertical lines from

the next segme nt and with two horizontal lines from the pressure side

to the suction side, one at the bottom and one at the top. These last

two do not appear i” any l ine li st , but they are f r -o~ the same body

as the two vertical lines ; therefo re NB is the same ~s i s the w i ndow i ng

data .

A series of cases were run fror the view p oint (-100 ,

1 , - 65) because it yielded the longest observed run times and thus gave

worst case values . The resulting values were fit via least squares

to a curve of the form.

t = a n~ (4-16)

Where t is the cental processor time in seconds and n is the number

of segments drawn. The curve fit yielded

a = 0.0162 and

p = 1.491

The important value is the exponent p. NCWF ;an and Sproull give an

exponent of 2 and conclude tha t the algorit rm r~ is ex t re r ie ly slow for

compl icated s enes , indeed , trm is implementation without ~i ndow i ng

is not very fast; it reauired 17.8 seconds of CDD 6600 time to draw

the ent ire blade.

Then windowin : was ad be l as described below and the

process repeated. As might be exp ected, the program ran sli ghtly

slower for a small number of seqire nt s ( d r e i k - e v e is betw e en  5 and 10)

50
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but showed a marked improvement at hi j her numbers ; it took only 8.84

seconds to draw the entire blade. The resulting coefficients from

the curve f it w ere

a = 0.0529 and

p = 1.089

A g a i n , the important parameter is the exponent. Merely by dividing

the scene into fourths and testing a line only against these segments

which occupy the same regions and thereby have a chance of affecting

it reduced the exponents from nearly 3/2 to nearly linear which then

makes the a lgorithm viable for complicated figures . No attempt was

made to optimize the number of windows although an optimum surely

exists ; rather the intent here was to demonstrate the concept.

4.2.11 Windowing

The turbine blade is essentially a vertical object,

therefo re the viewing area is divided into four horizontal windows

stacked one on another as in Figure 22. After all plane and

coordinate rotations are done, the main program calls subroutine

WINDOW ; WINDOW computes the height of the window segments as

fractions of the frame height; i. e ., they are in page (or screen)

inches and stores them in the array YW. It then scans the V coordinates

of the ends of each segment, passing to function IN THERE the scaled

(ready to draw) V value. IN TH ERE checks the V value against the

window boundaries and if V W ( l )  < V < YW (1+1), it returns the value I,

where I is 1 , 2 , 3, or 4. WINDOW then stores the segment number L in

locat ion ( I ,L)  of the array IN which is dimensioned (4 ,109). For

exampl e , if srnnent 43 appears in window 3 (numbered from the bottom

up) , IN (3, 13) = 43. After assigning each end of each segment to a

window , ~ r l rFI1~ checks tn see if any segment is in three or four
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w indows , tha t is if , for exam p le, one end is in window 1 and the

othe r end i s i n w ind ow 3 or  4 , the se gment mu~ t a l so  be in  the

interven i ng window. WINDOW adds I t i t s e  entri e. to t he IN arr ay as

app ropriate and returns.

Where the time to draw the a li ne arrive c , it is

a simple matter to prepare a list of se gments i n the same win dows

as the line. One takes the segment number for the line , finds whi ch

windows that segment is in, and prepares a list of all segments in

those windows. Subroutine DOLIST pre pares this list, which is called

JL IST I for use by subroutine SEEK .

4.2.12 Conclusion for Roberts ’ Al gorithm

Roberts algorithm has been shown here to be a usefu l

method of generating hidden-line drawings of complex objects , although

there is considerable labor involved in setting up the necessary data

for a given object; e .g. ,  f i t t ing equations to all the planes , The

method used to fit planes to the turbine blade is d;’scribed in Appendix

E. Because of the necessary prel iminaries , it is not likely that one

could write a general program which would accept coordinate data for

a given object and generate a hidden line drawing directly. The

first problem one would encounter is how to divide the object i nto

planar segments which are all convex. Nonetheless , one could easily

adapt most of the subroutines used to draw the blade and wr i te a new

main program. The windowing scheme could also be adapted to the

object. Note that t hme is no requirement that all windows be the same

size.

Roberts ’ algorithm has the added advantage that it is

no trick at all to generate cutaway drawings as shown by the partial
S.

blades drawn in Figures 2~
) throu gh 22. A particularly appealing
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appl icat ion would be to show the internal geometry of a cooled turbine

blade. Similarly, one could draw such machines as a i rcraf t  or

automobiles and remove panels to show the internal machinery .

4.3 ~ Secon d Line-Hiding Algorithm

4.3 .1  Introduction to LXL

A second , conceptually simple , line-hiding algorithm

was developed as a parallel effort to the coding of Roberts ’ al gorithm .

This was done mainly because of the pessimist ic reviews of the latter

in the literature.

The present algorithm (which we will refer to as ‘LXL

for  ‘ l ine against l ine ” )  is based to some extent on Warnock ’ s algorithm

and borrows intact some of Warnock ’ s su bp rog rams . Warnock ’ s algorithm

was t r ied and found to be unsatisfactory for our purposes , not only

because computing times were too long , but also because it tended to

draw l ines in short segments (sometimes dot-by-dot). This wasted

plotter time and gave poor looking lines due to plotter di~ i* al~ to~

analog converter inaccuracy .

LXL was developed to correct this latter problem by

analyzing each line in turn. For a line “I” other l ines are tested

to see if they lie between the viewer and line I, and if their images

on the screen plane intersect the image of line I. An ordered list of

intersections is assembled for the line I and each line segment between

intersections is tested to see if it is visible. The vis ible segments

are drawn and the program moves on to the next line. Conti guous

visible segments are drawn with a single pen movement.

-: This basic procedure was improved by dividing the

scene into smal l e r parts w i th  intermediate windows .” This helps

increase speed since we only need to test lines and polygons which are
a.
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in he sar m i ml t im ed i ate window as the subj ec t line.

There are few restr ict i  nm ~ on the kinds o~ f igures

t~h C can be drawn , aside f ror : i me mory and t ime limitations:

a) The figure must lie whole ly in f ro nt  of t h e

v iewpoint .

b) <c epc  r quadrilaterals , all polygons must he

planar . Quadri laterals may be nonplanar ,

4 .3 .2  A Little More Detail

In a l i t t le more detail , the LXL algorithm works as

fo l lows :

l . a )  A large window rectangle (LWR ) is defined

which just encloses the projections of all the data points on the

screen plane. This is done so that the picture can be sized to fit

the screen and also for eff icient processing.

l.b) This LWR is subdivided into M x Ni equal ‘ in te r—

mediate window rectangles (IW R ) , where M depends on the number of

l i n e s , N L~ 
in the figure. A simple optimization gave

M = integer part (0.5 + NL~
’4)

as a good choice. The analysis of the optimum IWR size is given in

Section 4 .3 .4 .  For each IWR:

2.a)  A list of unprocessed lines , whose projections

intersect* the IWR , is compiled. We designate these lines as “I”

• 
.~ lines -- they are the lines which will be processed in this IWR .

2.b) A new rectangular window , JWR , is found

* We w i l l  use the wor d “intersects ’ to mean that the projection of
a line or polygon on the screen plane l ies at least partly inside the
window .
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which just encloses all the “I” lines . All lines and polygons which

affect the visi D i l ity of the “I” lines intersect JWR .

?.c) A list of all lines which intersect the JWR

is compiled . The se l ines are designated “i l ines.  This l is t  includes

all lines which intersect the “I” l ines .

2 .d)  A l ist of all polygons which intersect the JWR

is compiled . The polygons are desi gnated “U’ polygons . This list

includes all pol ygons which cover any parts of the “I” lines .

For each “ I” line in the IWR :

3.a) A small window rectangle (SWR) is constructed

mCi h encloses the ”I’ l ine , except for its end points . The l ine ’ s

end points are escluded from the SWR to avoid unnecessary considera-

tion of lines which are connected to the “I’ line.

3.b) From the “U” polygon list , a list is compiled

of polygons which intersect the SWR and lie in front of the I
I

line. These are designated “S ’ polygons. Polygons which have the

“I” line as an edge are excluded from this list , because we assume

that a polygon cannot hide any of its own edges .*

3.c) If the SWR is completely covered by an “S’

po lygon , then the “I” line is completely hidden- -we just mark it

“processed ’ and move on to the next “I’ line. Otherwise--

3.d) If no “S’ polygons are found , then the line is

comp 1e~ ely v i s i h l e — — ~.e draw it, mark it processed ’ a nd mov e o n t o the

next “ I ”  l ine. Otherwise-—

F - 
3 - e )  We check each “U” line against the “ I” line ,

k This is not necessarily true if the polygon is non-planar.
1- -
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to see if their projections on the screen pl ir ie int ersec t . If

so , and if the “U ” line l ies in fro n t of t he “ I ’  l ine , m m -  s t o r e  the

intersect ion point . 4

3.f) If no intersections are found , we draw the l i n r ,

mark it processed , and mmm ove on to the next line . Otherwise--

3.g) The intersections are arranged in an ordered

list from one end of the “I” line to the other. We consider the 11

line to be cut into segments by the intersections.

3.h) If the mid-point of a segment is v is ib le  (not

covere d by an “S’ polygon), we note it.

3.i) After all segments have been checked , we draw the

vis ible portions of the line. Contiguous visible segments are drawn

with single pen movements .

: 3.j) We mark the “I ” l i ne “p ro cesse d an d move on

to the next l ine.

2.e ) After all ‘1’~ l i n e s  in the current IWR have

been processed , we move on to the nex t IWR .

l,c) After all IWR ’ s ha ve been p rocesse d , the figure is

complete .

4.3.3 T hings to Come

In the fol lowing sections we w i l l  discuss some of the

( features of the LXL algori thm and i ts subprograms . F i r s t , the

optimization of the JWR size is presented . This is followed by a brief

paragraph on the input data format. Then we cover in some detai l

the windowing ” techni que used throughout the algo rithm and the way F

in which we defir i ’ the surfaces of twisted (non-planar) quadrilater als .

Final ly , some results ,conciusions , and recommendations are presented.
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4.3.4 Sizing the Intermediate Windows

The optimum number of intermediate windows is determined

by a rather simple analysis. The basic assumption of this analysis is

that the compute r spends most of its time in a “windowing ” subp rog ram

named CLIP. (CLIP is used to determine whether a line intersects a

wi ndow.) Numerical experiments show that this assumption is good-—

the computer spends about half of its time in CLIP .

We now simply minimize the number of calls to CLIP.

A rou gh coun t of the num ber of ca l l s  i s obta i ned from the code:

NCLJ P  = M2 ‘[N E
•N

P 
+ 2~~~] + N

L~~E~
f
~p 

+ (N
1 

+ l)
~

NL •N p (4- 17)
JWR SWR

Where M2 is the number of IWR ’ s

N~ is the number of polygons

NE is the average number of edges per polygon

NL i s t he number of li nes

is the av erage number of polygons i n a JWR
JWR

N 1 is the average number of intersections per line

i s the avera ge num ber of pol ygons in  an SWR
SWR

Since we usually make up figures from quadrilate rals , l e t  N E = 4.

Our experience has indicated that N 1 is between 1 and 2, so le t ’ s

take N 1 = 2. T rieni we may write the last two terms of Eqn (4-17) as

~~~~~~~~ + 3 / 4 •M  ]
JWR SWR

Since in averaqe SWR is mw b  smal ler  than an average JWR , N~ < <

SWR
and we can i irrore . (Again , experience indicates ND ~3)

JWR SWR F SWR
If nunmher ~ f p n l i m n n~ is very large ,

pa
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N~ = N~/M
2

U WR

so

~C L I P  
M2

~ [4’N~ + 2 •N L] + 4
~

NL~
Np/ M2

Final ly,  for figures made up of quadri laterals ,

N N. /2P L

and w’ h a v e

~1LIP 4
~

NL •[M 2 + N
L /M2]

NCL I P  is minimized if M = NL
1”4 . W ith this choice,

N 8•N 3”2
C L I P  

— 

L

so
- 3/2T ML

Numerical experiments gave the final , practical

choice of

M = m t  [0.5 + NL~~
4
]

It is worthwhi le to compare this with the case in

which intermediate windows are not used . In this case

NC L I P  NL~
NE~

Np + (N~ + l)
~~L

N
PswR

which , using the same arqu en t~ as - above , gives

N ~~~2~NCLIP  L
The ratio of times

(T IW R /TO) 4.N~~~
’2

clearly shows the advantage of using intermediate windows , since ther e

may be hundreds or thousands of l ines in a figure.

4.3.5 Data Formats
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Data are input to Ihe progra m in three l i s ts :

1. A point l ist which contains the perspect iv e

coordinates (x /z , y/z , z) of pertinent points in the figure . (Per-

spective coord inates are used throughout the co’de).

2. A line list which contains the identifying

subscripts of the two points in the point l ist  which are the end

points of each line in the fi gure .

3. A polygon l ist  which contains the identifying

subscripts of the lines which form the edges of each polygon surface

element in the figure .

After the data are input , the initialization section

of the code rearranges the elements of the polygon list so that the

edges of each polygon are i n or der around the circumference. Simul-

taneously, it appends to the line l ist  addit ional l ines so that each

polygon edge is a distinct line not used for any other polygon edge.

This is done so that the end points of an edge may be 3witched to pro-

vide an orderly progression of vert ices around the polygon. T h a t  i s ,

the second end point of one edge must be the f i rst end point of the

next edge , and so on. The “windowing ” technique requires this

orderi ng . These additional lines are not used in forming the “I”

and ‘3 ”  line l ists.

4 .3 .6  Wi ndowin~
A -.‘,‘indowing ’ t e c h n i que is used to perform much of the

LXL algorithm - processing lines for the IWR ’ s an J WR’ s, and p rocess-

inq pol ynons for the JSR ’ s, SWR ’ s, and line segment visibilit y . The

windowing -‘
~~‘-~~ ‘ m - ~~ we use i~ Cnrr i ime l, essential ly intact , from Warn ock s

code as presented in Reference 2.
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The windowing sect ions perfonu two basic tasks :

1. For a line - determine if any part of it lies

inside the window .

2. For a polygon - determine if any part of any edge

lies inside the window and , if not , whether the polygon “ surrounds

the window. The first part of the polygon task ‘is the  same as the

first task.

Most of the windowing tasks are performed in a siE-

program named CLIP . The first section of CLIP , “ICLIP” , determines

if a line or edge intersects the window . The second section , “AN GLE ’ ,

finds the angle between a line ’ s end points , measured from the center

of the window .

ICLIP divides the screen plane i rm t u 9 regions by

extending the sides of the window . Each region is assigned a unique

4 bit code as shown in Figure 23:

1001 1000 • 1010

• 0001 0000 0010

d I
I I

0101 0100 1 0110

FIGURE 23. ICLIP Codes for Regions of Screen Plane
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The fo l lowing steps are then pert mned:

a) Determine the codes of both end-points of toe

line . Call them C1 and C2.

b) If C
1 

and C
2 

are both 0000 , then the li ne lies wholly

wi th in  toe w ir ide- ,’ , so we can set the indicator “ ICL I P ’ to .T R UE. and

exit to th~ calling program. Otherwise -

f c) If either C
1 

or C2 is oooo , then the l ine inter-

sects the window frame once. We roust th~ r m determine the intersection

point before setti ng “I CLIP” to .TRUE . and exiting. Otherwise -

d) If the Boolean product C1 
. C

2 
is not 0000 , then

the line canno t cross the window , so we can  set “ ICL IP” to .FALSE.

and exit. (This is why the 4-bit code was chosen.) Otherwise -

e )  Clip off any parts of the line that Jo not fall

between the vertical window frame edges and go through steps a) -

d) m it e  the remain ing lim o segment. Then . if we do not exit —

f) Clip off any parts of the segment that do not

fal l  te t .veen th m o r izonta l  wi u- :lc ,w frame edges. Then go through

~ t -’~~ a )  - 1) w it h this remaining line segment. An exit i - m ill occur.

For e a rp le ,  co ’ rs m ‘c the three l ines,  A. B an d C, in Figure 24a :

FIGUkE 24a . Example of ICLIP Operation

a.
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Line A is el imn ina ted by Ste~ d) because the t m- c ’ s bits for both end

points are “on. ”

Lines B and C are not immediately e l iminated by Steps a)  - d) and

so are cl ipped by Step d) to g ive the segments shown in Figure 24h .

a,

“I

FIGURE 24b. Example of ICLIP Operation (Cont.)

Now segment B’ is elimi nated by Step d ) - The end po i n t s  h a v e  the same

code. Segment C’ is not elim inated so we go to Step e) whi ch give s

the segment C’’ shown in Figure 24c.

I I a

‘, I  I

‘ I I

ii
~~~~~~~~zai

FIGURE 24c. Ex ample of ICLIP Operation (Concl .)

Segment C’’ is oroperly identifi ed by Step b).

T~e reason for the “AN GLE” section is the following:

0
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If the sides of a polygon are t a ken . in order , proceeding from

vertex to vert~~ , the the sumim of the angles subtended uy successive

vertices and an arbitrary point will be 00 if the point lies outside

the polygon and +360’ if the point lies inside.

Dete rmi n i ng the ~n il e sut ’tended by the edge if it does

not intersect the window is performed by the ANGLE ” se tion in a

rather crude imnm n er since we don ’t need the - tual angle. only a

cons i st ent s ys tem of counte rs w hi ch w i ll onable us to determ i ne

whether a polygon completely covers the wi ndow .

To do th i s .we aga i n subd i v i de the sc reen p la ne as -

above and assign to the subdivision s Lhe counters shown in Figure 25.

I I
I I

3 s 2 I 1

IEI
~~
MI1I1

5 6 7

I I

FIGURE 25. ANGLE Codes for Regions of Screen Plane

Then , basically, we define the angle subtended by a line as the

difference between the counters for the regions in which the line ’ s

‘ -n i points lie. For example , a line with its firs t end point in

-

• 

Reg ion 1 and i ts second end point in i~eg ion 4 subtends an angle of

3.

This simpl e definition must be adjusted because it

al low s angles of ma gnit ude greate r than 4 (w h ich re prese nt s 180°) -
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for example , a line running from ke i ion 7 to Region, 3. This is con-

rested by adding or subtracting B ( t h ~) ) to produce a result between

-4 and ~4.

A se nJ Fl em ar i se s if t i end points of the line

lie in diago m d l ly opposite regi o :is (1 and 5, or 3 and 7). For examp le ,

consider Lines A and B I 
1 

in Figure 2 € :

/
/

‘

FIGURE 26. Example of AN3 Lr Ambiguity

Both lines are calculated to hav e ti e sane angle (4). However, the

angle tsr line B shou ld be —4 . This proble m is due to the fact that

we can ’t tell which side of the window the lin es fall on. The solution

to this ambiguity is to cut the line into two segments and sum the

angles of the segments. The best way to do this is to cut the line

at one of the window frame l i nes ;  say, the right-hand vertical

frj li ne as shown. Doing this to line B gives , for the segment

from end 1 t i the fran ,- line, an angle of —3 and , for the rest of

toe line, an ang le of -1 . Then tme tota l an ile is -4 , which is

con “ct.

(If we sum the angles subt nIci by the edges of a

pol ym nri ~c,r a particular window , the suirm wi l l be eithe r (I or + 8. it

64
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the poly gon covers the window , if 0, i t doesn ’t.

The CLIP subprogram is used as follows :

a) For li nes , onl y the “ICLIP” section is used.

b) For edges of polygons , the “ICLIP ” section is

execute d and only if ICLIP is returned .FALSE. , then the “ANGLE ’

sect ion is executed.

4.3.7 Non Planar drijate rals

In orde r to f i nd out whethe r a pol ygo n hides a po i nt
of interest (e.g., the center of a l ine segment) we must find out if

the intersection with the polygon ’ s surface of a ray from the observer

through the point of interest is beyond the point. For non -quadrilateral

polygons , this is easy since they must be planar. However , for con-

ven ience, we have allowed quadrilaterals to be non—planar , wh i ch

complicates things a bit.

We usually prefer that solid figures be constructed

of quadrilateral surface elements , as opposed to , e.g., triangles.

But quadrilaterals are not , in general , plana r. The refo re , in order

to f i nd the di stance to the su rface of a qu adr i lateral , we must f i rs t

dec ide on a convention for defining the shape of the surface .

We choose to def i ne the qu ad ri lateral surfa ce to

be generated by straig ht lines as illus trated in Figure 27:

f t

a.
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FIGURE 27. Definition of Quadri lateral Surface

A straight line (ab) lies in the surface if points a and b are 1 e”t i m ,t

- 1 such that

~
la / ~l2 C4b /

It can easily he show n that the same surface is defined if equivalent

• straiaht lines are drawn between the other two sides. Thus , this

defini tion does not depend on the choice of sides .

With this surface shape , we can now determine the distance

to a point ~ on the surface. From the Figure 27. we have

• = rl 
+ 

~~2 
-

= r
4 

+ i ( n~~ - r
4
) (4-19)

r
p 

= r
b 

+ B 
~~a 

- m
b )

w here ~ is the vector from the viewpoint to the point subscripted and
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B = 4’bp ”~ba

The vector equations represer mt nine equations with nine unknown s;

x ,  
~
‘a ’ Z , xb~ -‘b’ Zb~ ~ B~ Z~ .

The solution of these equations is complicated by

the fact that we are given , not x~ and y~, but the projection of p on

the screen plane, = x~/z and y = y /z . If we elimi nate

r~ and ~ , and leta b

= ~~~~ ~~~~ 
~~ 

1)

then equations (4-19) reduce to the non-linear vector equation

z~ ~~ = 
~ 

[a15 + (r
1 

- Y~4)] 
+ (1~3 

- r
4
) + r

4

- - where , for conven ience , 
~ 

-r~ + r2 
- r3 + r4. Mow B is elimi nated

by taking the vector produc t of both sides of this equation with
I

+ - r4)

which gives, after a bit of manipulation ,

~~ x[a~ + 
~~ 

- 
~~ 4

)] = [~~~3 
- r4

) + r
4
] x 

~~~~2 
- rl ) + rl ] (4-20)

Next, the lef t - hand side of the equation is eliminated by taking the

scalar product of both sides and r~ to give

• 
. ~~~~~~ - r

4
) + r4] x 

~~~~ 
- rl ) + = 0 (4-21)

This is a quadratic equati cn * for a which is solved for the root.

* This equation may be written in terms of m~ an d as

(y -  • r ) = 0 which is 1 mathematical statement of theP a f a c t  that the vect r from the viewpoin t to
poin t p must lie in the plane defined by the vectors frcznthe viewpoint

• to point b and to point a.

a.

I

—~~~~~~



0 < a < 1. The dist ance to the surface , z~ , is then found by solving

any one of the three scala r equations represented by the vector

equation (4-20 ).

(A tw is ted quadri lateral , viewed fro mn some directions

can have two intersections wi th a line—of-sight. In this case , both

roots of equation (4-20) will be between 0 and 1. The solut ion ‘~hich

gives the smaller dist an ce from the viewpoint is used. )

4.3.8 Discussion of LXL

The LXL algorithm , as outlined above , was coded in

FORTRAN to run on a CDC 6600 corjiuter system . As initially coded , it

was found to execute an order of magnitude faster than Warnock ’s

algorithm for the same figure. ~n additiona l doubling in speed was

achieved by recoding selected subprograms , including ‘CLIP ,” in CDC

COMPASS Assembly Language. This allowed us to take ful l advantage of
3

F the central processing unit ’ s parallel architecture .

As an example , the surface of the aircraft in Figure 28

co n tains 1100 li rmes and 6~ ’ po~ ygons . -’- It took 75 CPU seconds to

process. (As a l ci nt of interest, the CLIP subprogram was called

300 ,000 t imes . )

The use of non-planar quadrilaterals is both a strength

• and a weakness of LXL. It allows the user flexibility in defining
- 

figures and sati Gfies our preference for figures with quadrilate m -e l

surface elements . It does , however , have some drawbacks , the cost

serious of which is the fact that a non-planar quadrilat ercl may hide

1 a line which none of its edges intersect in the screen plane .

-tlhe data lists for this drawing were borrowed from Capt R. R. Black
of the Air Force Fli ght Dynamics Laboratory .

a.
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The code cannot handle th is .  We do not think t h is  problem is s i g r m i f i s i n f

if we limit ourselves to quadrilaterals we ich are nearly planar. In

fact , we hav en ’ t noticed any occurrences of this in any of our C fi h i -i i-

ments.

Appendix F contains a listing of the LXL code and a

sample data set.

4.4 c~~p~~ i~~~n ofjerformances: Roberts ~j gp~j~thm vs. LXL Al-

In an attempt to determine the relative performances of the

code for Robert ’ s algorithm and the LXL code , the turbine blade drawing

in Figure 17 was processed using both codes . The resultant drawings

were identical in appearance. The LXL code was about 25~ faster in

execu tion. However , this is misl eading for two reasons: 1) the LXL

code obtained a significant speed advantage because assembly lar,quage

code was used in some sections - Robert ’s algorithm was coded in

FORTRAN only. 2) For figures constructed principall y oF q~au ril atera ls ,

3 the execution time for the LXL code is pro~:’ortional to for

Robert’ s algorithm. N
~j~ [S. 

This means that Robert ’s algorithm ha~ the

edge in speed , at least potentially.

The LXL algori thm does , howeve r , enjoy considerable advantages

in the form of the input data and in the ease of unders tanding the

~1gorithm . The simple form of the input data could offset the execution

speed disadvantage when comp 1icat~d figures are to be processed (such

as the aircraft of Figure 28).

Ro be rt ’ s algorithm has , poten tial l y, a major speed advantage

for complex figures . (We estimate the execution time for Robert’ s

algorithm of the aircraft t inu re to be about 40 seconds - compared to

75 seconds for LXL.) Unfo rt una tr l~ , th is speed advantage is offset by

70
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the considera ble amount of work (and ingenui ty ) required of the user
to break up the fi gure into convex polyhedra.

As mi ght be expected , the authors were unable to agree on

wh i ch of the two al gori thms was “better. ”

(I

i,
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APPENDIX A

L istings of LEVEL 1 and LEVEL2

The basic versions of the two contouring subroutines are listed

herein. Also listed is a driver program , ONE , which was used to crea te

Figures 2 and 3.

The listings which appear in this and the other appendices contain

occasiona l continuation lines marked wi th a dollar sign. These were

crea ted by the listing program to maintain the right-hand margin and

do not appear in the actual code. A line co ta ining two or more state-

ments separa ted by dollar signs is real , however ; CDC FORTRAN Extended

accepts this as well as statements of the form A = B = C D = 0.0 and

symbolic names of up to seven characters . The forms READ* an d PP.INT *

are list-directed (format-free) input -output, used primarily for

interactive programs .
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Pr ~ j i.,R4’1 O N ~ . ( I- LUT ,O U I r J T ’+028 ,TA P Eo ~ OUTP UT )
J E ~1SION X (b ) ,Y( -~ ) ,l(6 ,5) ,,u (7)
L O G I C A c  0 ( 6 , 5 )
D A T A  X / ~~~~~~~~~~~~~~~~~~~~~~~~~ /
DAIA  Y / 0 . 0 , 1 . 0 , 2 . 0 ,.~. 0,~+. 0 /D A T A  ( Z ( I , 1 ) , I = 1 , 6 )  ‘ Z . 0 , 3 . 0 , 6 . 0 , 7 . 0 , ~. . J , 3 . 0  /
DM TM (L (I,2) ,I~~1,b) / ~. . 0 , , . 0 , 9 . 0 , 7 . 0 , 6 . Q , + . 0  /
D A T A  ( Z ( 1 , 3 ) , I ~~1 , b )  / ~~~~~~~~~~~~~~~~~~~~~~~ /
DA TA ( Z ( I , ’ + ) , I ~~1 ,6 )  / 3 . 0 , ~~ . 0 , 7 . O , 6 . 0 , o . 0 , 3 . 0
D~)TA ( Z ( I , ~~) , I = i , 6)  / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /
DATA H /  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0(1,1) .FALS~ .CALL PL)T (2.G ,b.0,— 3 )
C A L L  P~~O T P M  (“PM PL .~IN PAP...r~ PL i~4~~E.”,3)
I~~~~~b

K~~~ 7
I G O  1
GO TO 3

1 C A L  L~~V~~L 1 (X ,Y ,Z , H , U ,I,J,K)
CAL L PLOT (8 . 5 , 0 . 0 , — 3 )
I G O  2
GO TO 3

2 CO NT IN Uc
CALL LE IEL2 (X ,~~,Z,H ,LJ ,I,J ,K)
C A _ L  P U T  (b .  5,0.0, — 3 )
CALL SY ~1BOL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C A . . L PLOTc.
SLW

C J~~~~i wJUNDA R Y
3 U~~.L PLOT (X(6) ,Y( 1 ),2)

CA~~ PL’)T (X (b) ,Y (51 , 2)
CC~~L PSL)T (X ( 1),Y (5),2)
C A L L  PU J I  (X (1 ) ,Y( 1 ) ,2)
GO TD (1, 2) , IGO

I,’
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SU3’c L)UTi (~1~ LE VEL I (X’l ,Y M, M:sH ,HGTS, UMUS~.o,P,a, R)
I ’~ 1 E G ~~. R  P ,Q,R

~~.AL M: SH
COH’iO~4 /~~uE/ OPF ,-1 ,FI~ ST ,LAST ,H ,POLAR
DIM~ N 5ION x~~

(P , Y o , MG rs k ,M~ s H P ,Q ,u Nus ~~o ( P ,Q)
LO LC A L FI~ ST ,LA ST ,O 3hN ,UNJSEO, POLAR

C
C r HI~ Pi~OCEJUR~ I~ USED FOR CONTOURI N G OVER A
C REC I ANGULAR MESH. A M3t ~~ D LTAILEO J~~SCR IPT ION
C Is .,I-~EF~ I-~ SECTION 4 OF THE ORIGINAL R~PO~ t.

C AD A DTE O FROM ALG OL PRO~~ OURE CONTOJR1
C B.R. rftA P , t i  A L ‘TH~~E CONTOURI N G A L G O R I T HM S ’ ,
C NPL-81, NATIONA L PHYSICAL LAB ,
C T . ) J I N G T O N  E N G L A ~ u, )E~ . 19b9, P. 1’+
C

POLA R UMUSEO (1,1)
JM
T M P - i

C ~~ C1 ~O NTO UR ~E .i;Hr IS C~.ALT WITH I~ TURN.

F DO 7 < 1,R
4 IGT . (K)

C
C THE An< ~ AY U N U S E D  IS S~~t UP FOR THIS HEI G r~T.
C

03 1 J:Z ,JM 
-

DO 1. I~~? ,IM
U N J S . J (i ,J) M~~~n 1(I 1~~J) .L1 . H .-AN J . IESH (I ,J) •G i .

H
I ~O4T INJ

_
C

• C rH .. BOcJ~ U A ~ Y OF iH~. ‘Ic.SH IS SCANNEJ FOR THE
C 3~~,tNNIM OF ANY OP~,r4 ~ON T OUR OF HEIGHT f,
C

OPEN .TRth..
30 2 1 7 ,P
IF (’IESH I—l,i) .LT. I .AMU . MESH (I,1) .GE. H) CA LL

I FO..~~oW (1,1 ,—i, Q, XM ,YM ,IE~ K ,P,Q,UNU~ ED)
2 CO’4TIr4JL

JO 3 J ? ,~F (ME SH (? ,J— t I .LT. I .AND. Mn.SH (P ,J) •Gt.. H) C A L L

I F3....O.4 (~~,J, 0,_ 1,X M ,YM ,tl~.SH ,P,Q,UNUSED)
3 C ON T I N U :

~~ L 1,I1
I
IF (~L H (I+1,~~) .LT. I .4”lO. M ..SH (I,~~) .GE. H) ..ALL

1 F~~.L3P~ ~~~~~~~~~~~~ 1~~~ ,P ,’~~m~~~~”~ f1” 
-

fl .g I r ~j i I: “‘• ~~~~~~~~ ~“ ~~ w* 
-
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f ’. ‘ ‘-t ,  ~~~~~~~ _ = 4  ~~~~~ ~.I~-r ,., - - I=aa ~ - ~~~~~~~~~~~~~ ~ - - .. - 
-1~ ~~~~~~~ J LIL .~~~~~

JO ~ L 1 , JM
J =
IF (’4L5-1 (1,J+1) .LT. I • M~4 D. Mi~SH (1 ,j) .,c . H) Ci~.LL

I FJ...LD~4 (1 , i, 0 ,1, X M ,i’M ,M .S-l ,P ,Q, U N U SE D )
5 ~o’~TI’-~J 1

C
C TI: AR- R AY ‘UNUS ~~J ’  Ii S C A N N E D  FO R TrI L
0 a~ GiNNIN ~ OF A N Y  CLOS cJ  C ONTOU R OF rILICHI H.
C

. F AL S ~..
DO E L 2 ,JM
J
DO ~ 1 ’ ,IM

P— ~1,’ i.
IF (U ~~JS: J (I,J) ) C A L L  F O _ L O W  (I,J , 1, 0, X M~ Y M ,M E SM ,P ,~

$ ,J~1J S E ) )
6 CO’~TIN ’JT
7 0’FIIMJ :

RET JF ~N

7F

-~~~ i~
- ’__ _ ~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~
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~U 3~~O J T L N E  FOLLO W (IF ,JF ,IAF , JAF ,XM ,YM ,~~ESH ,P ,~~,UN U~~ - 4
) C)

t ” 4 t : C : r (  P ,~~,TE M P
L O , I A L U P ,F In S T, L~ ST ,JNJSc. D ,POL Ai ~
RE A L M~ SH
)IM C N S I O N  X M (P ) ,Ym1(O) ,,1~ SH (P ,Q) ,UNU SED (P ,~~)

C THE PRO~~ UU~~ ST~~~T 3 BY SE TTING UP rHE I’4 ITIAL
V A L U E S  OF V A ~ IOUS Q UA NTIT IES .

C
COMMON /CUE / OPEN , FIR ST, ..AST , H ,P O L A R
FI’cST = .TRUE .
L A ST .FA LSL .
I = 1 F
.1 z J F
I A  = I A~J A = JA
Z M ESH (I,J )
ZA = M E~ s-~(I+IA ,J+JA)C

C ‘~EX POINT
C 4

C THE P~ SIT ION OF IH: POINT T WH~~RE T HE CO NTOUR
C CUT~ GErWLEN (1,J) AJ 3 (~ +IA ,J+J A ) IS
C CAL CU LA T ED USING INVE R SE LIN E AR
C INT iR POLA T IOr4 .
C

~ I 0 . 0
IF (Z • L.. Z4 )  I = ( l — 1 ) / ( Z — Z A )
X X tl (i) —T ~~(X M( I )— X 1 (I+ IA ) )
V YPl( J )—T ~~(Y h t (J )— Y l (J + J A ) )

C T:~~T~, A R E  NOW MA )E TO SE~ IF T IS THE LA~ T POINT
0 ON THE CONTOUR.
C

IF (OPEN ) GO TO 2
IF (I~ .LQ. —1 .A NO. .NOT. JNO SEO (I , J)) LAST = . T R U E S
GO TO 3

2 IF (FL R S fl GO 10 ~
IF ( JA .:Q. 0 .ANJ . (J .E~~. 1 .O~ . U .L~ . ~) ) LAST

$
IF (JA .‘L. 0 .ANQ . (I •L ~~. 1 .O~(. 1 • L ~~ . P 1 ) LAST

~ .t~~UC.
• 3 I F (L AST ) GO TO ~

C
C THE MAR K~ R II TH~ A~~~A Y  UN U SED
C I~ CA ~IC :LLEr IF ~~~~ 5SAR Y .

I F L IA  . 0 .  — 1. ) U N U S : D ( I , J )  .FA LS t .

• 77
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I

~ir~~i 
fj f  

j ( ~~ -~ ~1~~.iu~ H±~

C ‘1E~ POI NT
C
C T r ~ T CD < O I N A T i S  OF I A RL OUTPUT
C TO ~~~ PROC EDU R L D RAW.
C

4 C A L L  DRA W (X ,Y ,PO LA R, FL WS T , L A S T )
IF ( L A S fl RE.T U R N

C T E S T S  A R E NOW M A J ~ T O  S~~ WHICH OF T H E MESI
C LI’L S THE C C NT D U R CRJ S~~ S N:XT.
C
C T H E  V 4L 4JES OF Z , ZA , I, IA , A N D  JA A R E
C A D J U S TED B~ F O R~ uING ON TO FIND A NEW POINT I.

— C
ZB HESH (I+JM ,J— IA )
IF (Z3 •~~E . H) GO TO 5

4 ZA = Z 3
T E 1~ I A
IA = JA
JA = — I _ PIP
GO TO 7

5 ZO = ‘IESH (I+ IA + JA , J— L A f J A )
I F ( Z C  .Gt ~. 1) GO TO 5
Z = Z 3
Z A  = Z C
I = I + J A

= J — i A
GO TO 7

6 Z = Z C
I = I + IM + J A
J = J — I A + J A
TE’IP iA
JA = IA
IA — T _ M P

7 FL~~ST •FALS E.
GO TO I
E N D

I.

78
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SU -3 r D J T I NE Lc. VE L2 (X I ,YH ,M~. SH ,HGT~~,UNUS :O~~P ,~~,R)
IMT c.GER P ,Q ,R
R :AL M ESH

~O~1 ’IO~ / C UE/  OPEN ,F I R ~ T ,Li.5l ,H,PO LA R
LO ICA L FIR~ T , L A S T  ,O’ EN , JNJ S EO ,POLAR
DI1~~N SI)N XM( P ) ,YM ( Q),HGt . (R ) ,MESH (P ,Q) ,UN U SEO (P ,~~)

C
C 1-115 PROC~ JUR~ IS JSEO FOi~ C O N T O U R I N G  OvE ~ A
C RE C i AN G J L A R  MESH, AN ) IS A ~1ORc EL~~3ORA TE ROUTINE
C T-4~ ’4 COA TOU R 1. A M D~~E D~ T~~ILEO DESCRIPTI O N IS
C G I V C N  IN SECTIO N 5 OF THE ORIGINAL R~ PORI .

0 M O A P T E D  FROM A L G O L  ~R OCt D U R E  CON TO JR2 ,
C 3.R. -4E AP El AL, ‘THREE CO NTOURI N G A L G 0R IrHM ~~’,
C -~PL — O~1A M — 81 , NAT I O N A L  PHYSICAL LAB.,
C T E D C I N G T O N , :~~&L~~N D , o:c. 1969, P 14.
C

P0_ A R  = UNUS ED (1,I)
.19

IM P—i
C
C EAC H OOW T OU R HEI~~HT IS u EALT WITH I~ TURN.
L.

DO 7 K = 1 , R
= I C T S ( K )

C
C THE AR R AY UN JS~~D iS SE~ UP FOR T HiS HEIG HT.
C

00 1 J 2 , J M
00 1 i=~~, I M
U N J S E J (I , J )  M SH (I—1 ,J ~ .LT. H .A N3 . IESH (I ,J) .GE.

£ -4
I 0O~4TIN J :

C
C TN: aO U N JAR Y OF 1H~ IES H IS SCANNED FOR THE
O 3E j iN N IN G OF AN Y  OPEN CIffl TOUR OF N~ I~~NT H.
C

O P i ~ J ~~~~~~
00 2 1 2 , P
IF (M E SH (I—1 ,I ) .LT. I .A~~O. ME SH (I , 1) •G~~. H) CALL

1 PU R SUE (I,I , — 1 ,0 ,XM , Y M ,IL SH ,P ,Q,UN U SED )
2 CONTIN L

DO 3 J~~’,O
L F (M ~ S -~~P ,J—t ) .LT . -4 .A ND . tI~~SH ( P ,J) . t. . H) CAL L

I P U . SJE (P,J , 0, t, XM ,YM ,~I:~~h ,P,(L , U NU ~~~O)
.3 CO-~1TINJ ~

DO -. L 1 ,IM
I =
IF (M E H (1+i,~~) •LT . I .A \ t O ,  ML SH( I,~~

) .G E. H) CALL
1 PJ ?SJ~ (I,D , 1 ,0 ,X M ,~’~i ,H:~~I ,P ,Q ,UN US ~ D)

7q

L f  
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~ OD NIINJ:
00 ~ L =t , J M
J
IF (PIESN (1,J+1) •LT . -I .A N U .  MESH(I,J) .E. H) CALL

1. PJ~~SU~ (1,~~, 0 ,1 , X M , Y M , M E S H , P , Q , UNUSL.D )
5 CONTIN UE

C
C T IE A RRA Y UNU SE D £S SCANU ~O FOR THE ~EGINNIP4GC OF A Ni LOS EO Cu NT3 L’~ OF HEIGHT II.

OP EN . FA L S ~..DO 5 L 2,JM
J
03 6 Iz? , IM
I P—M÷i .
I F ( J N U S F D ( I , J ) )  ~ A L _  PURSU L ( I ,J , —1 , 0 , Xtl , YM , ME3 H ,P ,Q

~ ,JN JS EC )
b C O N T IN U T
7 CO~JTINUC

~ ET J R N
EN)

I
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~— .~~ - - ~~--_-— ~~~— - ~~~~~ - • •- -~~~~~~~~~~~~~~~ 
—

SU3 RUJT I .NE —~U~~SUE ( IF ,JF , IAF , J A F , X t I , Y M , ME SH ,P , F~, J NU~~~~ C)

I N T c G : R  P ,Q , TEMP
LO ICA _ OPEN, F1RST ,L ~~S 1 ,JN J ~~~J,RIGH T ,POLA R
R EA L  M E ; H  -

DI ME~~~~IJ N X M ( P , YM ~~~, ,Mt S H ( P , cU , UN US ED( ~~,Q)
C
C TII~ PR3CEDU~ E IS U~ :D TO FOLL OW A C ONTO U R OF A
C I~L.N H IG HT THtR)Ut,il TIL Mc.SH.
C

CO IM O N  /CUE / OP~~N ,F IR S 1 , U AS i , H ,POLAR
-I

C T HE PRO .. ED U R.  aE INS BY Sc. TT ING UP T HE INITIAL
C V~~UJ :S OF V A R I O U S  QUAM ~~ITIES.
C

F I R S T  . T RUE.
L A S T  . F A L S c ~.
I IF
.1 JF
IA IA ~
JA = J A F
Z M: H (I,J)
Z A M E F S H ( I + I A , J f J A )

C
C NEX ~ POIN T .
4-.

1 1 0 . 0
I F ( Z  .‘L. Z A )  I ( l — I ) / ( Z — Z A )

p 
C
‘C T H . PuS IT ~~O~ OF 1HI POINT ~~~~~~~ THE. CONTOUR
C CRJ ~ S ES OA (S~~L ~~~~ 5 IS C A L C ’ J L A T E J  USING
C IN~~~~~: LINLA- ’~ I4~ :r<’OLATION .
C

X ) ( M ( 1 ) — T ~~( X H ( I ) — X 1 ( I + I A ) )
= Y M ( J ) — T ~~(Y M (J ) — Y 1 ( J + J 4))

C
C T L STS A R E  N OW M A CE . TO SEL IF T Is THE LAST POINT
o JN T H E  ONTOJ R.
C

- .- IF (OPL~4 ~O TO 2
I F I ~ . 0 .  -1 • A N D S  .N o1-. J N U S E D ( I , J ) )  L A S T  = .TRUL .
GO T O  3

? IF~.FI R S 1 )  GO TO ~+I F(J ~ .EQ . 0 .A N _ .  LI .:.i. 1 .OR . J .t.Q. ~~) )  L A S T  =

.T~~U:.I F (  J A  • ~~~. 0 .A’~V). (I .E~~. 1. •OR. I .E~~. P) ) LA S T =

• 1R j ~~
3 I F L A S T )  GD TO

C
C NE M~~r K ~~~ iN THE ~ rcRM Y UNU$EJ ’ IS CANC ~ LL..D

81
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C IF N E C _ S SARY .
La

1FU4 • L Q .  1) J MUS~~D ( I , J )  .FALS ... .
4-.

C NEW P O I NT .
‘S

C TH: COU~ O INATL S O F  I AR E O U T P U T  TO THE
C t~R O : 3UkE D~ AW .

4 CAL _ -CR AW (A ,Y ,POLAR, FIRSI ,LAST )
I F ( L A S T )  RETURN
F IRST  . FA L S E .

C
C T H E HLI~~HTS OF T I E  PO I NTS B AND C ( S E E  FIG. i)
C ARE :XTRACIEJ AN ) THE -IEIGHT OF 0 CALCULAT E ) AS
C TIE A V ERAG E OF TI_ HEI ,HTS OF 0, A,  ~~, AND C.
C

Z3 = M E S H ( L t J A , J — IM )
ZC M E S H ( I # I A + J A , J - I A + J A )
Z J  = O.2~~~(Z+ZA. Zd+ZO )

C
C A T E S T  iS MAD ~ T O  S t E  W H I C H  OF THE LIN ES 00 OR At )
C T HE CONTOUR CR O SSES.

I F ( Z J  .~~~~ . H) GO TO 7
C
C T HE C ONJ OUR CRO S~ ES 3D AN O THE COORDINAT ES OF THE
C POHT W HERE TH IS HAP ’ E~4S A R ~ C A L C U L A T E L )  US ING
C INV .rcSE LINcAR INT:R~ OLMTI ON ~ND A RE OUTPUT TO
C THE PROCEOU.RE DRAW.
C

~D~~~r- -i- — i- - -
rc l , , - T I  — . i rç ~j~~~.

I = 0.0
I F ( Z  .N ... Zu) I 0.~~~ (Z I)/ (Z—ZD )
X X M ( I ) _ T o ( X M ( I ) _ X 1 ( 1 + I A + J A ) )
Y = Y~~( J ) — T ’ ( Y 1 ( J ) — Y 1 ( J +J~~— I A ) )
CA .. L J R A W  (X ,Y ,POLA-R , FI IRST,LAS T )

C
O A l E S T  IS NO W M A C E  T O SLE WHE T H~ R T HE CONTOUR
C C R J C SE S  OB AS IN C A S E  ( I I)  OF FIG. o. IF SO, A
C J U M ~’ IS HA UL TO T IlE LADE L T URN R I G HT ’ .

I F (Z 3  . L T .  H) GO TO 8

• C TOP RIG H T.
C

5 T 0 . 0
I F ( Z - 3  .N .... ZD ) T = J.~~~(L3—H )/(Zi—ZO )

C THE CONTOUR CRG53:~ 33 MNO TH~ COO RUINA TES OF

82
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C POINT W HER E THIS IlA P~~EN ~ A RE C A L C U L A T E D  USING
C IMV:RS . LI~~AR IN TER POLA T ION AND ARE OUTPUT TO
C TIE PRO~ EJURE D R A W .
C

X XM (1 +JA ) — T~~(XM (I+ JA )—X I (1+IA ) )
Y Y M ( J — I A ) — T 3 (Y M (J - I~i)- Y M (J + JA ) )
CA ~.L DRA W (X , Y ,~~O L A F , F I R s T , L A S T )

La

C A T.S T IS MA D ~ T O  S~.E IF T H SITU AT ION IS AS IN
C 4S: (V ) OF FIG. ~. IF SO A JU H~ I s MAO t TO TH~.
C L4:3EL TU R N  R I G H T ’ .

I F t . N O T .  R I G H T )  GO 10 8
C
C A TC S T IS MA D E  TO SEE IF THE CONTOU R CROSSES BC
C A S IN CAS E (IV ) OF FIG. 6. IF SO , A JUMP IS MADE
C T O T H ~ ~..A B E L  ‘ S T ~~A I G - 1 T ’ .
C

IF (iC .L 1. H) GO TO ~
C
C TOP LEFT.
C

6 T 0.0
‘S

C THE CONTOUR CROSSES O~ AN U THE COUfRDIN AT :~ OF THE
C P3 I” ~T WH ERE IllS IA P~~.~~ ARE CULCULA TE D USING
C INV:RSE LIN :Ak IITER POLUTION AND ARE OUTPUT TO

3 C T~IE PRO-CECJR: DRAW .
C

IF(73 ~~~~~ ZC) I = (Z0—l)/ (ZD—ZC)
X = u.5~~(x M (I (1 .o—r ÷xl I+iA 4JA ~~~(1.Q+T~~
V = O . (YH (J )’ (1.O—T )4~Y’1 (JfJA— IA )~~(1.0+T))
C A L L  D R A W  (X ,Y ,P-~O L A ~~,FIRST ,LA ST )

C
C A T_

~~T iS MAjE Ti SE: WH~ TH~ R T HE SITUATION IS AS
C IN C A S E  ( V I )  OF FIG. ~~. IF SO, A JJ H P IS M A D E
C TO IL LAB:L ‘TURN LEFT ’.
C

I F ( R IGH T )  GO TO 10
‘S

C ~ T~~~T IS 4A j~ I) s EE IF THE CONTOUR C RO i S~~5 BC
C AS IN CASE (III) OF F IG. 6. IF SO, A JU’I P IS
C MAJ. ~ TO T’IE LAB:.. STi~4IL,HT ; OTHER.4 ISE, A JUMP

• C IS lA CE TO THE LA ~3EL ‘TOP TIGH T’ .

IF (Z3 .Ll . H )  GO TO S
T O  - )

7 RI~~HT =

C
C T i: C O N ’  OU~ O - ~O~~S E S  ~ D ~ ND T H E C O O R J I N A T E ~ OF TH E

83
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O P O I N T  W HERE THIS HAP P~~N 3 ARE C A L C U L A T E U  US ING
C INLr~~L L IME A r ~ I N T E R P O L U T ION ANU AR E OU TPUT TO
C T IE PRO~~EDURE CRA W.
C

T 0.0 - .

IF (ZA .‘~E. 10) T = ).5 (ZA—H )/(ZA—Z J )
X z X M (I + IA )— T~~(X M (I + 1 A ) X ’4( T+ J~ ) )
y yM (J+JA )— T~- (YM (J f J A )-Y~~(J—I A ) )
C A L L  D R A W  (X ,Y ,°OLAR, FL R ST ,LA S T )

o A T S T  Is M A J ~~ I ) S L E  iF THE ~ON TOUR CROSSES AC
C AS I N ~4SE (I) o~ FiG. 6. iF SO , A JUMP I.~ MADE
C TO THE LAB E L ‘TUR ~ LEFT ~

; OTHERWISE, A JUrIP IS
C MA D E  T O THE L A B E L  ‘ T O P  L E F T ’ .
C

I F (Z C  . L T .  N) GO TO 6
,J T O  10

C T J R~ RIGHT.
C

8 ZA ZB

C THE C ONTOU R E X I T S  FR O M THE PAS IC I< ECT A N G LE BY
C CROSSI N G 03. THE VA UES OF ZA , IA , AND JA MRE
C U Pj~~TED BtF ORE CJ L NG UN TO FIND A NEW POINT ~.
‘S

TE i - IA
IA JA
JA =

GO T O 1
C
C sTRA IG HT.
C

9 Z Z 3
C THE CON T OUR E X I T S  FROM 1HL BASI C R~ CT ANG L E 3Y
C CR OSSING .C. THE VALUES OF Z, ZA , I, AND J AR E
C J~ J A T ~ D -3L FO r E GO ING UN TO FIN D A NEW POINT T .
C

ZO
I + J A

J i — I A
GO T O  1

La

C T URN LEFT~
-S

10 Z 20
C
C THE CONTOUR EXITS FROM TH~ BA.~IC RECTANGL E BY
C CkJ.,S1NG A C .  THE V A L U E S  OF 1, I , J, IA , A ND JA
C A RE U PDA T~.t) ~3 E F O R : ~)i~~G UN It) F IND

a.
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• g A N~ W POINT T .

I I+ IA i .JA
U J—LA÷ JA
TEMP JA
JA IA
IA

f GO 13 1.
E N D

1

I ’

a. 85
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SUB~~JUTI N : [J~~ . W (X ,Y ,P O _ A R , ~~IRST ,L 4CT )
L O G I C A L  PO L A R ,Fi~~ST , AS T
I F ( P O LA R )  GO 10 2
xP
V P = V

1 IF ( F I RST C A L L  PLOT (XP ,YP ,3)
C A L L  PLOT (XP ,YP ,2)
RET U RN

2 XP = X *C OS( Y)
VP X S IN (Y )
CO TO 1
END

I
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APPENDIX B

Some Special Versions of Subroutine DRAW

Four modifications of DRAW are listed here to show how easily

one can adapt the basic contouring package . The first version was

used to produce the Joukowski airfoil shown in Figure 5; Figure 4 was

produced with the basic package usin g the same data . The second version

u n t r a n s f o r m s  streamlines from the X , ri plane to the X ,Y p la ne an d draws

them , as in Figure 6. The t h i r d  version does not draw the contours directly

but rather accumulates the coordinates in X , Y , and Z arra ys un ti l th e

contour is comp lete , then passes the transformations described in Section

3. Thus was Figure 6 produced. The fourth version shows how symbols

might be added to the first and last points on the contours . The common

block COUNT would be added to LEVEL 1 or LEVEL2 and the variable NCT made to

correspond to the loop counter K.

87
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SU3 P -DU T~. NE C R A W  (X ,Y ,~~OL Ak, FIRST ,L A ST)
C O M M O N  / TR FO RM/ c X ,L ~’ ,Su , CA ,~~4 M

C
C rIOJI FA Eu FOP JOU < .W~ <A TKAN SFORIA T ION.
La

L O G I C A L  PO L~~(,F1RST ,EA5T
IF (POLA-~) GU TO 2
1 = 2
IF ( (X ~~X~~Y~~Y )  .LT . K A M )  1=3
A =

B = V - f L Y
3 A~ A+ t3~ -3
IF (O ) 3, ’+

3 XP = At (A 4CA— ,34S4 )/)
YP ~— (A~ SA+tj~ CA ),JG O TO 1

1~ X P = A
YP = 3

I IF (F IR S T )  CALL  PLOT (XP ,Y P ,3)
C A L L  P L O T  (X P , YI— , I)
IF (.NOt. L A S T )  ~E T U R N
PRINT 101

101 F O R M A T ( i H  )
RETURN

2 XP X~ C O S ( Y )
V P  X~~~I N ( Y )
GO TO 1
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SU3~~i J T L i ~: CRA W  (A X ,A r ,P)L A~~,FIRST ,LAS1
C O M M O N  /0/ X ( € I ) ,Y L (St )- ,Y U (€ t ) ,SY
LO ICA L PDLA R , FIRST ,..ASI

La
z AT,(NU X ,YJ , f~t,2 ,A x)SS ~TKN (X ,V L ,o1 ,2 ,AX )

xP
YP (S~ + A Y ~ PS — C C )  ) S Y
IF (FIR T) 1 ,2

1 C A L L  P U T  (XP ,YP ,3)
RE TJ -R N

2 C A L L  PLOT (XP ,Y P ,2)
RE TJ R -N
E NJ

— 
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SU OU’~~F’1E C R A 9  (X ,’Y ,PO LAR ,FT PST ,LA ~ T )
If lGT C AL PflL t~~,FT~ ST ,LAS T
CO”~4O”J / X Y f l~ A W /  X C ( t ~~~

) ,V C ( j O O ) ,~(rCO M~~3N l’40’J / DX ( 1 f l C ) , PY ( l O f l ) ,DZ ( 100) ,ZCON T
C

~c J M UL A T PJG V E PSIO I~
xp x
Y~~~~~v
IF tF I~~~T) VC = 0

+ i
X C ( K C )  XP
Y C ( K )
I~ ( .NO ’. LA ST )  ~F’U RN
no 1. I 1,v C
P Y ( I )  Y C I T)

X C ( t )
PZ ( I) Z CO~’J’

j
CALL O ISPLAY (OY ,P’! ,PZ ,Kr ~

• p

4
H.

I

: 
go

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~4J



SUB~(OUTLN ~ DRAW (X ,Y,POLr4~t,FIt~ST,LA T)
COM~ION /COUNT/ MCI
LOGICA L POLAR ,FI~ ST ,.AST
IF (POLAR ) GO TO 3
x P=x
Yp~~y

I IF (.NOT.FIRST) GO T) 2
CA LL PLOT (XP ,YP ,3)
CA LL SYM~3OL (XP,YP ,O. tO~~,N~ T ,O.D,—1 )
R~ T U RN

2 CALL P U T  (~ P,YP,2)
IF (.NO1.LA~ T) REIUR~
CA LL S (Ic3OL (XP ,YP ,O.105,NCT ,O .i),1)-~ 3 XP=X~~COS (Y)
Y P:X )IN (Y)
GO TO 1
EM)

,
‘

4

4
I
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APPENDIX C

Program SHOWOFF

Program SHOWOFF and its subroutines were used to draw the turbine

blade in Figure 11 . The BLOCK DATA subroutine contains data only for

the fir tree; the blade coordi nate da ta was read from a permanent disk

file via TAPE 4, though it coul d have been read from card input. The data

is liste d at the end of th i s append i x .

Subroutine PREPARE sets up the coordinate transformation described

in Section 3.3., usin g ROTMAT to compute the rotation matri x .

Subroutine RAM transform s the input data to the eye coordinate system ,

usin g subrouti ne PHI to perform the matri x multiplication , then converts

the result to perspecti ve coordinates and computes the scale factors for

plotti ng as described in Sections 3.4 and 3.5.

I

r

i~
.
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I
C~ L1. ~‘L’~T (xSC,~i7 (rX (T,.1,1)) ,YSCAL~~(~ Y(I+1,i)),2)

~ CU9TP’TVC ~~‘A ~ ~~~~C’~~T r\T ~~~, ~~~~~~~~~ ~LAL
I

O.~.LU ~L~ T (Y  V ( P X ~~( t , T ) )  ,V S C A L T ( : ~ ’f ’ R( j , I)) ,  ~
)

r. v 2,~C~ L~ ~L~~T ( X S T  (~~~~ (K ,T ) )  ,V~ CA~~7 (’V~~(K ,I)),2)

~ C~~~T I~~)J
P~~I~r’. * , ~~~~~~~~~~

f lf~ K 1,~
.

C~ !L ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~no -,

~.L1 PL~ T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—

P~~I ~~~‘ ~~ , “FT ~4 T S H~ ~~~~
‘

~~L_ PL ’T (~~.r ,n .D ,_ 3 )

~n
~
‘ C~~L~ ~ Y ’ I L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C~ L L rL -~T

2
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— ~~~~~~~~~~~~~~~~~~~~~~

~1(~C< ~1~T A
~‘OMMON / O~ J~ CT/ XFT (?1 ,?),VFT(?1,’),ZFT(21.,2)
DAT~ ((c~T (I,l),I~~I,21) / 2I~ —~ .1 /
fl~~TA (X~ T~(I,2), T= 1,21) / 2I~ I.’ /
OA~~A ~Y~ T(I,1) ,I=1,21) / 2~~O.9,0.85,0.75,0.!,0,T,0,75

~ , rj , 5 c , 1 ,7 ,
i o.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /

~~A T t ~ ( v T ( I,2) ,I=I,21) / 2~ O .kS05’,0.43O52,O.33O52,O.
~
I 0.2905’,0.~~~O~~2,0. 23n52,~~. 28O5~~,0.l805?,0.0~~052,— 0.3
! iq~~ ,
‘ ~.n305’ ,— 3 . o 6 q z +~~,— n . Ci9~+S ,—O. 1t9+i3,—0.06g’+8,—O •169~.8
t ,

3 — 0 . ~~~t 9 + ~~,0 . L4 8V~2 /
DAT ~ (ZL~T (I,t),I 1,2I) / l0.0,2~~~•5,9.~+~~,9.4,9.35,9,3
,O.25 ,~~.

7 ,
¶ ~*9.15 ,9. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /

f lA~~ (Z ~~T ( I ,?) , I t ,2I) / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
L ~~~~~~~~~~~~~

t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /

I

4
I .,

,~1•1
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SU~~~OUTINE P~~ PAP~
C
C S~!T UP ROTAT ION PIATPIX
C

COMMON /VIEW / XV ,YV,ZV
CO MMON / M A T ~~TX ~ R MA T ( ~+ ,~~

)
DIMENSION FM (3,3)
LOGICAL 7~ RO
Z ERO A B S ( Y V )  •LT. t . 0~.—5
F = —SIGN(1..O,YV)
I~ (7~~~O) F = 1~.fl

- - C ~OTA TE S~ ‘HAT ZE AX IS POINTS AT OLD ORIGIN
14 Y P = SQRT (XV~ XV + YV~ YV)
ALPHA — A r A N ( z v / H y ~ )
BETA j.57U7q53Ps~ G~~(1.0,XV )
IF (7E PO ) r,o ~rn 1
BrTA = —ATA N (XV/YV )

I ~‘ONTIN(J
CALL PO MAT (4L°HA ,~~ETA )
f l 0 2 J  = 1 , 3
FM (i,I) F~~ ’4AT (J,l )
FM (J ,2) = F4PMAT(J ,1)
FM(J,3) = RMAT (J,2)

Z ~‘ONTINUflO 3 I = 1,3
00 3 J = 1,3
RM~~~(I, J) F’4 (T,J)

3
R~ Iii ~FN~

4

I
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pp.— ,r — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~V’ ~~~~~T T p ~j~~ ~~T~I~~T 
~~~~~~~~~ ~~~A)r O I M r ~~ /M.~11IX/ ~~~~~~~~~

~ 5~~~1M c ~~ ~ r ~~~~~~~~~~~ TG •3~ T N ‘~~Jt~~U~~.

c L~~~ — HA ~’n:~ ‘I~~~c IrN

=
Cf l ~~ (~~~~ ’ A )

-~~Y (1, t) = C,,
=

~~ (1 ~) = 
-

:~~l : ~~r ( 3 , 1 )  = —~~
,
~ rA

=

= ~~~~~~~~~~~~~~~ = :~.~4 .T ( 3 ,4 )  = 1
•~~

= ~~lA T ( L . , ? )  = R~
4 .~T ( L ~,3) 1.0

=

7 17

r
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~ A M
C O 4 ~1O~ / V I T h~./ X V ,  YV , ‘V
Co~~1ON / r -~~~t .r / X r , YF , A~~, ~ F, nr- , OF
co~ Mo~ ,~io~~i 

r~~~c~o~ ~~~~~ x~~~X , v’~IN , Y~ A X
lOr ,ICA L r~~~~~p

t RY A T :  ~~~r E A L X ( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DO I J I,~ ’

1 1 = I, ’~
~RX (I,J ) = X ( T ,J) — X V

~Y (T ,J) = Y(T ,J) — YV
PZ ( 1 ,J )  = Z ( I , J )  — ZV

¶ r’~J 91 p~ I J .

CALL PHI ~~~~~~~~~~~~~~~~~~~~~~~~~

IF (.N 0 .  PRS P)  GO 0 ~
00 ‘ J = I,N
00 2 T
flu 1.fl/PZ (I,J)

= 7 X ( T ,i)~~f l7

~Y ( T , J )  = C V ( T , J ) + O Z
P7(I,J) = — fl7

? r(1NTT N!J
i flfl J

f lO I 1~~~I~
lTNt (VMIN ,~Y (I,J))

Y~~~Y = A 4AX 1 (Y’IAX ,’V(T ,J))
XMI N = A 4 I~I1 (X1IN ,?X (I,J))
X~~~X = AX t (X~lA X ,~~X (T,J))

p L~ CO~JTT~i1J
= — Y~lINny = X ’ I A X  — XM IN

Ir- ( JX  .1’ . ~DY )  r,n TO ~
E x r  =

~
F. =

= — A F8VM I N
Cr = R x F r x

= fl,~ * (XF — ,-~YF) — Cr-~ X~-1T N

E~ RXF =

CF =

= - CC#yf 1I p
~I

A r -  ~~V F / ~~~y

BE 0.~~1(~’F — ,~‘(F) — A~~ YMTN

P. 
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S~J~~ OEI TIN~ ~~~~ CX ,’I ,Z,M ,N)
OI~A~~N~~T~JN  X ( M ,N ) , Y ( ~~, N) ,Z ( ~~,N )
COUMON /..IAT rTY / 7MAT (.~4 ,L.)
0(1 1 1
~~() ¶ J = 1,N
‘(P ~

-
~~~ r( 1, I)*y ( 1, J)  + PMAT (1, ?)’Y(I,J) + ~ MA T ( i

~ ,~~ ) P 7 ( .r , J)  
—

= 7M A T ( ’ , t) ~~ X ( I , J )  + RMA ’ (9 ,7)~~Y(I,J) + R’~AT (2

~ ,‘)~ - Z ( ,J)
7f) = ~ 1A T C3 ,1)~~X (T,J) 4 R1ATt 3 , ’)~~Y (I,J) + v~A T .3

~ ~3 ) * z ( T ~~J)
V ( T ~~~J )  ‘(p -

VI,
Z ( 1 , J )

I (‘ t)P.I’~~~MIJ

1

V

r
I
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APP END IX D

The Hidden -Line program DRACULA

D.l Prog ram DRACULA , wh ich was used to draw Figures 17 through 22, is

l isted on the following pages along with its subroutines (except for

RAM , PREPARE , ROTMAT and PHI , wh ich are identical with those in Appendix

C ) and all necessary data.

DRACULA begins by calling BLDATA , which reads the blade coordinates
- 

• and plane equations from mass storage on logical unit 4. This operation

is not repeated .

Then DRACULA reads the v iewpoint (e.g. XV , YV , ZV : 12, 12 , 20),

the number of tiers to be drawn (NT: 0 thru 4) and the number of seg-

ments of the uppermost tier (NSEC: even numbers 2 thru 26). XE and YE

• are the frame sizes for the final drawi ng, in inches. PPINTM is a log i cal

var iable which if set to .TRUE. causes the rotated volume matrix to be

3 pri nted and the logical var i ab le WHITE sign als the operator to mount

• plain paper i nstead of graph ~aper on the plotter.

The var iables NT and NSEC are checked to be sure they do not

exceed 4 and 26 re spect ively,  then MA RY counts the number of segments

to be drawn. The least i s 5 , for the fir tree alone .

DRACULA ca l l s  PREPARE to set up the rotat i on matr i x , ROTPLN

to transfor r~ the plane equations and transform and scale the line

coordinates , WINDOW to ass ign windows to each segment, and WINLIST

to print the window l is t .  Subroutine TIMREM is used to time the

computation.

The pre l iminaries over , DRACULA begins selecting lines to be drawn.

Subrout ine F~~[~M decodes the line l i s t  entries and returns the

S(~r~~ent nu!~1 r - r - in NE and the plane numbers in MV and NV , wh ich are used
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for the preliminary visibility test. If the line is not a back line,

DRACULA prepares two vectors of length 4 (VB for the beginning of the

line an d VE for the end of the line ) and passes them to subroutine HIDE.

The logical variable NEWSEG signals HIDE that the given line is on the

same segment as the last and the old DO list can be used or that this

is a new segment which needs a new list. When drawing the blade proper ,

DRACULA cal ls  VSET to prepa re the vectors . After al l  segments of the hlad~

are drawn, DRACULA ca l ls  TOPPER to draw a top on it.

D.2 Subroutine BLDATA reads the data f i le l i sted at the en d of

this appendix . Blade coordinates are given as f ive sets of an X array

and two Y arrays , one each for th e pressure and suct i on sides , runn i ng

from the leading to the trail ing edges. BLDATA selects every other X

point and steps from front to rear taking Y’ s from the p ressure si de,

then back to the front tak i ng Yt s from the suction side to form a closed

loo p at each of the five sections. After reading the coord i nate data

for a sec ti on, BLDATA reads the plane equati ons for that section. When

all five sections are read , it reads the matrix and l i ne l i s t s  for

the blade and f inal ly it read s the line l is ts  for the trailing edge and the

top .

D.3 The bLOC K DATA subroutine contains the coordinates and plane

equations for the fir tree as well as the plane translation matrix and

the plane perspective transformation matrix.

D.4 Subroutine DOLIST is cal led by HIDE to prepare a l ist of all

segments in the same windows as the current segment , wh ich i s

denoted by NB. The f irst loop fin ds the windows (columns of array IN)

occupied by segment MB anti the second loop copies all other entries
fr

in those columns into array JLIST. MEMSET is a machine language
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subrout ine used to set JU ST to 0. It can be replaced by a DO loop.

D.5 Subroutine FINDM decodes the line list numbers supplied in Ll and

L2 and retu rns the segment number in NB and the numbers of the two

planes whose intersection is the line in MV and NV in the form of

colum n subscripts in FVMAT.

D.6 Subroutine HIDE tests each line given it against all the bodies

in JU ST. It is more fully described in Section 4.2.10.

D.7 Function INTHERE returns a value of 1 , 2, 3, or 4 accord i ng to

wh ich window Y is in.

D.8 Subroutine MMIP is used to multiply the 4 by 548 volume matrix

by the rotation matri x and store the result back in the volume matrix

in order to save space.

D.9 Subroutine MMPY is a general purpose matrix multiplier .

D.1O Subroutine ROTPLN transforms the fir tree and blade coordinates

us ing subroutine RAM . The larges t and smallest X and Y from the two

sets of data end up in XMIN , XMAX , etc . and are used by RAM , to com-

pute the scale factors as in Section 3.5. The plane equations are

transformed using matrices 4-14, 4-15, and the rotation matrix.

D.ll Subro utine SEEK performs the operations described in Section

4.2.7. SD contains the S and D vectors from eq. (4-6). Jl mark s the

first col umn of the current body in the rotated volume matrix and J2

marks the number o~ col umns . JS then is the offset or distance from

the firs t column of RVMAT. For instance , if the given segment were

represented by columns 48 through 52 of RVMAT , dl would be 48. J2 would

be 5 , and JS would be 47. Fu rther details of SEEK are j r  Section 4.2.10.

D.l2 Subroutine TOPPER is called by DRACULA to draw a cap on the blade.

If tue ft’~rt h tier was the last drawn , 1W is 1 and TOPPER draws the

cap us i ng t h •- top list ~ otherwise 1W is 2 and TOPPER forms the cap
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from the bottoms of the next tier. If a partial tier was drawn ,

DRACULA calls TOPPER a second time to cap the uncovered l ower tier.

0.13 Subroutine VALID tests a g i ven t-~ pair in the inequalities

(4-8). NVQ counts the number of times VALID is called ; 50,000 is

not unconiiion. Usually VALID returns early from the first loop and

therefore does not use much time . Ll and L2 mark the pair of lines

whose intersect ion is the current t and c~; they are not tested.

If t an d c~ survive the first loop, VALID updates tmin or tmax and

returns .

0.14 Subroutine VSET forms the VB and VE vectors from the blade

coordinates as directed by DRACULA .

D.1 5 Subroutine WINDOW assigns each segment of the object to one or

• 

• 
more of the four subareas (windows ) of the viewing area (see Figure

22) by comparing all Y coordinates of that segment wi th the V

boundaries of the four windows . The X boundaries need not be checked

because the scal i ng p rocedure centers the object lef t to r i ght .

Results are recorded in the array IN such that if a segment appears

i n a w i ndow , the segment number is stored in IN (NW,NS), i.e ., if

segment 53 appears in window 3, IN ( 3,53) contains 53. CDC FORTRAN

Extende d a l lows  ar bi trar i ly com p lex subscri pts , hence the pecul i ar

looking statements just before statements 2 and 3. It all amounts

to obtaining a V value from the fir tree coordinates , wh i ch are

s to red sequent i a l l y rather than by segmen t, scaling it , an d feeding

it to INTHERE which returns an integer from 1 through 4. This

i nt e l e r is our first subscript; the second subscript is U. Two loops

ar~ necessar y for the fir tree because the upper two segments have

four corners on the end planes and the lower three have six. The

log ic for the blade is similar except that it handles the segments in
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- pairs (see Section 4.2.10) and it enters a value for the segments

irmiediately above the current segment , for use when d rawin g the ca p.

Finall y, WINDOW chec ks for cases where the two ends of a segment are

not in adjacent windows , i.e.; one end coul d be in window 1 an d the ot her

in window 3. WINDOW fills in the intervening spaces in IN. t

D.l 6 Subroutine WINUIST prints the window list (array IN) so that the

user can see which segments are in which windows .

I

)

4-
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IF ( 1~~NY •LL.  si  GO r~

C ur~-~W 3L AO F .

= 0
JO 1~, v( = t ,~~T
i~1A x 13
Ir ~< •L~~~~ ( 4 1 )  .. NI MX =

JO 1~ I 1,~~MA X
DJ ii. J 1,7 ,2
CALL F IJ ~ M (LLI Tu (K ,I,J) ,LLI~ T~~(< ,1,J+1),Nd,M~ ,t-P1)
iF NiJ)EN(r1 V ,~~-J > ) GO TO ii.
IF (J .~~l . 14 Gi TO 7

C ~--?.~ SS UlE DL , -lU~ IlL1 t4TML

C-4~~.. V~~~ i K,i,K ,I+1)
D i  Ii 1~

7 i F (J •~~~~I .  ~54 0 TO S
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8 IF (J .- T .  ~) TO ~
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~ J
-
~ I~ (I .-~~~. ii DO 10 11

C ~U T ION ~~~~ ~Ti~ A
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- 
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~ F ( •~~~c ..  ‘.1 ~~~~~ = 2
C~~LL T J Pc.~ ( N i t 1 ,1,r~~A X , K 4 u P )
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J M I P S  ( i ~.T(I,27a ,I l,~,) / —l .J,2’0.3,1.2 /
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Ti  A t l . N 1(T I ,i. 3 )

LI~ E IS V~~- ioLE F0~ E ET ,IEEN
-C Z~~ O AND ii.

H C~~ LL P~~Oi (X 5 C L ( V E ( 1 ) J ,Y S C ~~L~~( V E ( 2 ) ) ,3)
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= 3 3  + u . 2 , K)’~~(K ,J )
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C U t - M O N  /M.-.TrciX/ r~~t 1A~ (-.-~~--.)

C L ~ N ON /HU.4/ t- r’~~~P~ X I A. N , X ’ u..X, V iii , Y IAX
C O M M O N  / /  .-~v M A i  ~~~~~~~~ , bLMuI (,p~,12) , ‘(X o(5 ,2?) ~

1 \ Y - U b ,2 7 )~ k Z j ( , , 2 7 ) ,  rcX (41,2), i~ Y ( 2 i,2) ,
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0. 0. — .iouoooo :+ai. .1525030E+02

• 15 . 2 5 0 0 0
— .25500 .b7~~10 .55510

3 .24739 .o -3i62
— .23+ ”’, .6971.1
— . 22219 • 7 J o 2 0  • E 5 9 3~
— .20959 .7-1 89

.72318 .539-, -.

.75~ 66 . 0 3 7 2 5
— .073-i -) .73429 . f 3 0 9 8
.007~~i .30020 •I~?0o~

- -~ .05o01 .305,0 .E-3509
.11 31 1 .50326 .~~3 7 i 6
.111131 .7-3057 .E5353

.?4’.01 .76349 .53504

.30711 .7-3706 .113115

.37001 .b-3o32 .45152
- ‘  .43321. .b— .120 .~.~~5-3u

. 496 3 1  . 5 3~~96 .3 5 3 9 1

.~-5901 .5111 34 .30 5 0 0

.o2201 •44041 .24271

. 3 35 0 1  . 3 5 34 1  . 17 3 94

.741111 .25739 .10C3 1

.31101 .1 12 .l2~-~~7
.0-+51.3 — .05791

•337~~1 — .05160 — .1-.- 1~~3
. 97 - ~~ 1. — .13-i ’j+
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•9~~7L1 — .16313 — .21i~~9
.o939- - .200-3 3 — .23393

37 -.
1 5

46  5.
51. 2

56

o6 5
7j  5
76 7

81 5
3 5.
( 3j  5
-36 2

I’ll 5
106 5
111 5
116 5
121
126 2

131
1.36 5
141
i’.e
151

3 
15o c
161 -~

t o E’
169 5
174 5.
179 5
184
159
19~ S
1-3 9 5
201+
209 5.
21’

-
~~~~ 219 5

224 5
229 5
23’-. 5
2~ 9 5-

7

249 5.
234
2 3 9  5
?o4
269
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2?’-.
279 5
23-. 5.
289 —

293
2 97  5
30? 5
307 5
312 5

317 5
322 5
327 5
332 5
3 _ ?  S
342 7

347 5.
35?
35.7 5
362
357 5
372
377 5
382 2

3-3 7 5
392 5.

3 397 5
‘402 5.

-: ~27 5
412 5
41. 7
1+21

5
‘30 5
‘+ 35 5.
‘+1+ 0 15
445  5
1+50
‘+55 :5
460 2

c. 41) 2

‘.70 5

~e75
‘.3’) 5
‘+811
1+30 5

2
50_ I
505 5

— 510
-)

a. 151
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520 5
525
s30 5
535 5
51+0 2

545 4

o2 51 ~3 bI. 62 6-. b3 64
82 ~1 ~ 3 31 82 3~ 113 35
102 101 113 101 1 0 2  105 103 tO E ’
122 121 1.3 121 122 125 123 125
1.42 1.1 143 11+1 142 1.5 1.3 145
162 161 15.3 161. 162 16~ 163 15.5
182 1-3 1 133 181 182 182 183 185
202 201 2-3 3 201  2 0 2  205 2 0 3  205
222 221 223 221 ‘22 22s ?23 225
2’.? 2-+ 1 2÷3 241 292 242 ?-.3 2~ 5
2152 261 2-3 3 261 ?o2 2155 263 2 -5
232 231 2~~3 281 28? 235 2113 235
302 301 3 3 3  301  3 0 2  305 303 305
322 321 323 321 322 32-. 323 3?’.

• 342 31+1. 3+ 3 3÷1 342 3~ 5 1— .3 3-.5
362 3151 3 z3 3151 352 .3o5 363 365
332 331 - 333 331 332 38s 3o3 335

3 1+ 02  ‘+01 ‘.33 ‘.01 -+02 ‘+015 1+03 ‘+35
1+22 ‘.‘l - 2 3  421 422 42t 92 3  ‘*25
44? ‘+‘.1 41+3 ‘-.-.1 4L.2 +-÷ 5 ‘+4~3 ~+ ÷ -

1+62 ‘.ol 4- 3 ‘- .151 4~~2 ‘ .-~~~~ -~~~ - s o _ I

‘+32 1+31 ‘.83 1+31 482 455 -,53 432
- 

- 
502 501 503 1101 5.0? So:, .03 535
522 521 5.23 521 5.’2  1125 223 s?5
51+2 ~~+1 ~~ 3 p 1+1 ~-.2 E’~.5 5’.3 5
562 5E1 ,63 ~61 252 2 1 5 7  5.ol SoS
5’~2 541 5 3  s31 5 . 3 2  53 - -- o3 53’+
602 601 o33 oUt s02 605 ~ C3 1 5 0 5
512 521. 6’3 o?1 ~?2 152, 1.23 ~2i
6’.? 6-s t ~~ 041 ‘- ‘+2 b’.5 5 . — 3  045
6~ 2 sot -5.2 3 051. ~ 5 2  0011  2 1 5 3  3155
6112 b - ~1 511 3  o 3 1  ~ S2  b3~ ~.. & 3  o85
702 701 7)3 731 ‘02 705 703 7):,
722 721 7? ~ 721 722 722 7?3 7215
71+2 7’.t 7.3 7-.- i 7 ÷ 2  7 ÷ 5  ‘1+ 3 71+5
7b2 7o1 7 -.3 7o1 75.2 7 1111 . 3  7 155

— 732 781 7 1 7 1  752 735 ~o3 ‘35
802 801 313 501 0? 11-35 303 305
822 1121 323 371 ~22 825 823 32-i
84? 8-.1 8.3 -341 c’.2 1 1 1+4  ‘.3 .3~~- : 862 3’— 1 3 - 3  s 3 1  3 62  c 6 5  € - 3 3o5
882 3~~1 3’3 331 8 32  8 3,  3 o 3  1135.
02 1501 j3 90 1  3 3 ?  905 3 0 3  305

922 921 973 921 * 7 2  25 -323 925

a.
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a’+ 2 j—1 3.3 -i-.1 942 -i’.S 3-.3 9’+5
962 91)1 ~3j3 Ybi 95.2 -ió~ 3t3 955
-332 9’1 3 2 3  7 4 1  ~3~32 9 8-3 3~~3 - 3 - 3 5

1002 1031 1)13 1001 1302 1.005 1303 10-3 5
10’? 1021 1023 1021 1022 1025 1023 1025
10 1+2 tO-+ 1 1Q-. 3 1041 10’.2 101+5 10’.3 101+5
1062 10~~1 10s3 1061 1062 10o5 10b3 1065
1082 10,1 t3~~3 103 1 1082 10115 10- ~ 3 1035

313 312
573 57?
833 3~~2

10-3 3 1032
852 8~~. -3~~~’. 853

~72 37+ s7 ’-+ o73
8 3 2  s — ’+ 11~3’+ 893
912 91’+ 911+ 913
932 -fl-+ *71+ 933
952 ~~~ —3 - 1+ 953
972 97’. 37’. 9 7 3
9’32 99~. 9~ 1+ 993

1012 101~. 101’. 1013
1032 133 ’+ 1)3’. 1033
1052 10~~-. lO s’. 1053
1072 10 ’+ 1J ,’~+ j~~73
1O~~2 10~~— 109-. 1393
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APPENDIX E

Fitti n g Equations to Planes

The important concept to understand here is that quadrilater-ils

in 3-space are not necessarily planar , even thoug h all four sides may

be straight. For a simple proof , crease a sheet of paper along a

d ia gonal . Therefore , we represent the quadrilateral surface elements

of the bodies to be drawn by pairs of triangles , which must be planar

(hence the wedge-shaped blade segments used by DRACULA). The choice

of which pair of tr i an gles to use to re p resen t a quadrila tera l i s some-

wha t ar bi ta ry; there may be objec ts for which one choice i s mor e con-

venient than the other.

Fitting a plane equation to a triangle is then a simple matter of

solv ing the three simultaneous equations obtained when one sub s tt .-~~s

the x , y, z coordinates of the three corners into
3

z = a x + b y + d  (E-l)

Special cases result when one encounters a plane of the form x

constant , but they are not a great d ifficulty .

Havi ng decided how he w ill subdivide his object into segments ,

one can write a computer program to read object coordinates and create

from them a data file like that in Appendix D.
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APPENDIX F

Listings for the Line-Against-Line Algorithm

The operation of the LXL Algorithm is described in Section 4.3.

The program listings on the following pages were written in CDC

Fortran Extended.

Data are input on two files. From the first file , INPUT , are

read the plot scale and offsets . SCALE is the size of the picture in

plotter units and XOFF and YOFF are the location coordinates in plotter

units of the l ower left corner of the picture relative to the plotter

origin. (Plotter units are 1/inch for CALCOMP plotters and 1024/

screen width for TEKTRONIX 4010 series graphics terminals.)

Ihe second input file , TAPE4 . contains the point, line , and polygon

lists which describe the objects. The first card image on this f i le con-

tains the numbers of points (NPTS), l ines (NLINES), an d polygons (NPOLYS)

in the picture . Following this card ima9e are NPTS card images ,

each containing the perspective coordinates of a single point. (If the

z-axis passes through the viewpoint and lies along the line of sight .

the pe rspective coordinates of a point [x,y,z] in the scene are defined

to be [x/z, y/z, z].) Next come NLINES card images , each identifying

a line by its end points. For example, a line from point ~l in the

point l is t  to point *7 is identified by (1 ,2). The polygon data

cards are last. For each of the NPOLYS polygons there is a set of

data card images. The first card image of a set defines the nu’--hc ’ r ~f

edges n of the polygo n . This is followed by n card images , each

identif ying an edge from the line list. The edges must be identi~~ ed —

in -1uen~ o around the polygon ’s ci rcumference.
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The FO RMATs for  the data inputs are listed at the end of SUBROUTINE

REA DINP .

The code , as l i s ted here , uses on online CALCOMP Plotter. However,

relatively mi nor changes i n  HIDE and LINED RW perm i t the use of ~~her

plotte rs and graphics terminals (in particular , TEKIRONIC 4010 series

terminals).

A small sample data list follows the program li sting. (These

data describe a 2” cube viewed from 10” on a 3~ 0 azimuth and 5O~ e leva-

tion.

For a two-fold decrease in execution time , the subprograms LINESX ,

NXTE DGE , ICLIP , PUSH , IWC ODE , and JANGLE were also coded in COC COMPASS

Assembly Language. The COMPASS listings are not included here due to

their length and computer specificity . Listings are available from the

authors .
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~~~~~~~ L X L  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-, 

~ ~ u T PJ r ,PLOT)

LI~~ ~~ L I ~~ A L~~)~~1T i ~~ ~~~ HIJtJ..N LiN~ Rc..M O I A L

C I N I i I A L 1 ?~ F-L 0TT~~
C

CA .L  PLOT (U .O ,O .3 ,— 3 )

C ~~~~~-) INrUT - C.TA - 2UINT , LI~~~, & POLYGUN LISTS

CA .._ R~~-~~J I N P

I N I [ L A L .I Z E  LXL ‘\BLE ~

C~~~L 1N111 3...

‘1A I~ A L b O R IT d M

CA _ .  -iI3~

O i:~~-~INA i E PLOT

~~~~ P U T  (12., O.O , — 3)
C~~ LL 3Y 1~~3L (0.O ,O. 5,O.t ,”~~LNLs 1cr ,15u,U ,3~
CA L L ~ L1TE

L ~~ ~1
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Suu~ oJ r iN . -EAOINP

2 ‘ . J  INPUT ‘c .T~ ~~~~ FQ - -.ti LINKc. 3 L 1 S IS
C

CU ’~1J~
I / 2’+l/ W L~c., ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~ xX2, Y ,I LT~

1 II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
,

2 X~~(11 05), YS (1tO5 ) ,ZS (1 1d5),IEONJ (27o0 ) ,

~ IPL~4O(,30 ),
3 1ii.1 (2 0 ),I_ 32t2 7u0 ) ,ILOLINK (27b0 ),
4 r’Z~iIN(6~30) ,r)LYM jU ), POLY 3(O’30) ,POLY0 (b 9U ) ,

~ POLYD ( 90),
5 i J L O L ~E (290),kFL1ST (b90 )~~IPLINK (b30 )~~AA (177O )~
~ ~ Y ( 1 7 7 3 ) ,
a AZ (1770),AXY (l77 0 ), AX YZ (1770)

30 1 1~~.,’.00
I~~JLI t’4K ( I) U

1 CUNTI~JU
C
C P~~~J PLOT SC~~LE ~t~) OF F~~ETS

R~~ u (5,11 ) SC~ L5 ,XO F~ ,YOFF

C R~ A3 i~U~lB L-~ OF PDIN TS, Lji’~~S, .~NJ ~OLYG0~ S

-: .~ -J (-.,3) ~P ,N~ U~~ S,N~’OLYS
NL 1NE S~~~EJL,..S

L~
C ~~~L~3 POINT COO kO1NA T~ L IST

~~~ (.. , 13 (XS (l) ,~~~ ( I )  ,ZS ( I )  ,I~~1,NPTS)
C
C R E A l  L I N E  ~~JJ~- O 1~~T~ L I S T
C

RE~~3 (4,1 1) (1EDI (I) ,~~..~.2 (I),I 1,NEDGES )

C -~~~ J G N .  LINK Pu~~ Gu~J A N J  P O L Y G O N  ~.DGE LISTS

-JO 2 I=L ,~~:QG E~I J ...I-’~K ( I )  ~— l
2 CO~JT I NU_

‘PP r~~~o
00 7 I~~1,N~ OL Yc 

-

IPLIr .1K (i):I,-PTR

1 1~

p.

~

,. - 

- - ~~~~~~~~ 
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_______  1

-~L A U  ( — . , 12) J
IP- .Q (I.~ ~J

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-) Cu ,TI N-J
iF ~~~~~~~~ CO I)
K~~I~ JL I ’ 4 K ( K ) 1FIN]~~f l ( t L_ J 3 ~ ),

_ _
~~)

~~~~~~~ ~ ‘i

GJ~~ - J 3
‘* ~

)
~ ‘i IN j1 .

3 - -c~~N~, - P(j.V ,QN ~~~~~~ ~~~ V tInt S L~ ~~L~~~U~~~~~CL. iN
C LI N K~~~ ) LISTS

I -)LI N< (K )~~0
K I ( I
J 1 1 . 1 2 ( —’
I~ ( ( U .  .I~~Jl : 2L1  ( < ) ) ) . O R . ( J . L - 1 . ,j Lj 2 ( I E 3~.~~~K ( K ) )
)) 30 ~~) 5.

I’4’ — .. .J 1 (K~ I~. i1 (K) .. 12 (K) IEDI ( K)  Z IX
~ CtJ~ INJ

IF (K.E;. 3) GO TJ 7
J~~L E iU I4K( ’< ) -

IF ( ( 2 .  ~~. 
0) .O~~. ( IL 12 ( pc i .  

~ ). I~JJ1 (J ) Cu TO ~IX=I .~O1 (J) I 1 J ) ~~1~~22 (J ) £ I~~)2(J)~~IX
t 0 2 - T  ~N-J _

GO T O  3
7 C u d  I N J :

C F3~~1A T FOR ~~~~ C-~~J o FF .~ .TS

15 FO- ”- A T  ( 3 F I C . ’.)
C
C FO-~-- -~ T FOR N~~T S , t . L I  ~~~~~~ ~ N9 ~P O L Y S

~ 

F O~~-~~T ( 3 ~~2)

C F0’~ -~.T ~~~ ‘-O I’~T ~~~~~DI~~A T o S

10 FO -‘~~T ( 3 ~~2 ? . 1~~
)

C ~ O~~1 - ~T F O ~~ LiN E iS~
11 FI~ - 1~~i (~~153

C
C ~ C - ~ 1 A j  FO~ ‘~~ i 1 1 -  -

~ OF )~~~_~~ ul  P J L Y G O  ~

F l5u

~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1? f - J -  ~- - 4 T  I~~)

2 F u - ~ A l  ~ C - - ~
- L Y  ~ .G iJ~~- 4 C

C 13 FO- -~~ T ( :,x ,I2-~

C
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r

F2~~~r x J -
~ IFINOCT) (Nf l -~ES, c-1 )

C ~~~~ T d .  r~~XT Pu ..Y- , O~i LJ (,L AN D G1~~ IT AN U~1iQJ~
ST J-~AG L

C LO. - 4 T 104

C u-t rIUN
1 /C~-U/ ~LX ,WRX ,W 15Y ,WTY ,~~X ,QY ,OZ ,PX ,PY ,PZ ,XX I,Y Y L ,
E XX 2, YY2 ,IJ:LTA

30 ‘I-l U N
1 II i,iE 2,NL I , NPOLYS ,IPr TR ,XOFF ,YOFF ,~~CA LL,
£ r4~ TS,
2 X s  (1105.) ,YS (1105) ,ZS (1105.) ,IED~1) ( 27~~0)

~ I~~E N O ( - s 9 0 ) ,
3 IEO1 (2760) ,L.i2 (27C0),I.~JLINK (2760) ,
-. PZ.1iN (~~9 O ) ,F ) L Y 4 . (~~- ) U ) ,P P J LY 3 ( 1 5 9 0 ) , P J L Y C ( 1 5 9 0 ) ,
~ P f l L Y D (~~3 3 ) ,

I C T O G E  ( 6 9 0 )  , irLIS~~( 6 9 0 )  , IPLINK ( 590) ,AX (1770)
A Y ( I T 7 J ) ,

15 A Z (17701 ,AXY (1770 ) ,.-4XYZ (t77 0)

C -~u - ~J -~~ X 1  POLYGO1 LDG L . NUM3LR.

• 
-~~~~A )  ( ‘-e , 2) ‘I
IF (I :O..INK (M).C~~.—1 ) CO TO I

3 C
C T-1 10 ~ O 3CT AL ~~O r~C L O N~~ T O  ANOTH ER POLYGON — G IV u
C h A
C -1.IFF~~~ NT S [ O RA G L  L O C A T I O N

N J 3 1 ~J G .  S + 1
IE  o l ( i G ~~~~~) 1EJ1 ( ‘I)
I~~3 2 ( N~~J G . S )  ~ ICf l 2 (~-i)
IFI N 0LJ=N LU~~.
k~~T J’~-N

S
C iH I~ L0 C_  H~~s N O T 3~~~N U~~Eu P R i V I O J ~~L Y

1 CO~4TIN JIFINuCJ~ M
R E T U R N

2 F U-~’IaT (5X ,15 )

p.
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_ _ __________ -

Su3~ oJ riN . iN IT IAL

C INITIAL1 Z~ ~~L C JN S TAN T S AND TABLES
C

OI~~~t ’~S I ) N  X ( 6 5 ) , Y ( ~~5) , Z ( 5 5 ) , I~~I3~~(65)
CO’ IMON
I ICWL/ W LX ,WRX ,W6Y , W TY ,0(X,QY ,QZ,PX ,PY ,PZ, XXi.,YY1,

~ X~(2,YY!,ID:LTA
C O’IMON

1 // 1C1 ,i 2,NLINES,NPJLYS,IPPTR,XQFF ,YOFF ,SCA Lc.,
~, N P T s ,
2 XS (it05 ),YS (11J~~),ZS(1j05),ILDNO (27 63),z I~~tNO (,90),
3 IEU1 (2’6O),LCTD2 (27o0 ),I~.JLINK (2760),

PZMIN (690) ,POLYU (69u ) ,POLY (i (690) , POLYC (b O )
$ POLYJ (39C ),
5 IPLGGL (69P]),IPLIST (i’~O ),IPLINK (u30 )~~AX (1?7O ),

~ A Y (l?70),
b A Z (177i ),A XY (1770),AXYZ (t77 0)
LOG iCAL Cr~4 N G E

C
C JEV...LO P SLsuLC FA..IORS ~- N.) OFFSETS
C

XM IN YM IN~ ZMIN~ l.E?2 I XM .~X= Yt1A X=ZM AX=—1. E22
DO I I~~1,NPTS
XM IN~ AMI N1 (xMIN ,XS(I). ~, Yt l IN=A MIN1(Y!11 N,~’S ( L ) )

3 XtI4X :AM AX 1 (XMAX ,XS (I)) ~ YMA X~~A 1AX 1 (YMAX ,YS (I ))
ZMIN AM IN1 (ZMIN ,ZS(I)) F Z’IAX=A P1AX I (ZMAX,ZS (fl )

- - 1 CON1IN’Jz~
SF~~\MINi (i. ./(X .i-~X— X -1L N), 1./( YMAX —Y M IN ) )
SZ~~1. / (Z MA X -ZM IN )
Di) 2 I 1,NPTS
X S ( I )~~ X S ( I ) ~~SF ~~YS (i)~~YS (I) SF~~ ZS(I)~~ZS(I) SZ

2 CONTINU E
X 0FFzXOFF—X ’IIN SF~~SC~ L~ $ YOFF=Y 0FF—YM I SF~ Si.ALE

C C~~N~~~AT E PL4N~ F~~UATI Or1 S FOR PLANAR PDLY. 0N5

- 2 IQLJP~~0
1P 1PP 1 ?

— -. 3 C0~~TINU .
IF (I P._O .O) GO T O 13
NxT~~~~~ IP~~D~,E (IP)
NSIi..S~~IP:NQ(IP)
IF (NSIUEs.LE.+ ) GO TO 6

~. I 1 , NSIDL~
ISI~OE (I) MXi EOG
ID NXT~~)GETNXTEOG )
X (I)~~?X £ Y (I)zP Y I ~(I)~~PZ
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4 CO -NT Ii’4U
S z U .  $ JS~~0
X (-~SI-3~~~+1)~~~X ~ Y ( iUL~.*i)~~QY 3 Z(NsI)~.Ss- 1)=QZN Si z ~ j l ..~ — 1
Li t) , I~~l,NSM

~ (-%- (j+ 2 )—X (Is-l ))
1)
IF (~~I.LL.S. GO TO 5
S~-~~I $ JS~~I

5 CONTIr~U T
Iu NX1c.J~~. (ISIDE (JS))
X1~ X (JS )~~Z (JS) ~ Y1~~’(J~ )~~L (JS) $ ZI Z(JS)
X2ZX (Js-I-1 ) Z (JS+1)—X 1 3 Y2~~Y (JS+1)~~Z (JS+1) Y1 I Z2~

~ Z (JS+ 1i — Zi
X3~~X (JS -i- 2)~~Z (JS#2 )—X 1 ~ Y3~~Y (JS +2) Z (JS+2)—Y1 ~ Z-3

I Z (JS +2)—Z 1
GO T J 7

6 CONTINUE
ID= -~XT~ DGE (NXTEDG)
X 1~~P X ~~PZ $ Y1~~PY~ PZ ~ Z1~ PZ
I3:NXT~~JG i(NXTED~,)
X2~~PX~~PL— x i 3 Y2~ PY*~~Z_ Y1 

-
~ Z2~~PZ—Z1.

X3 X’~~Z— X 1 I Y3~ QY ’-~~Z— Y1 ~ Z3~~ Z— Z 1
7 CO~~T I t~uE

POLYA (I-fl Y3~~Z2—Y2~~Z3POLYd (tP )~~X2*Z3_x34Z2
FO LYC(I~~)X 3 Y2—X? ’Y3
POLYU(Ir’)~~~ (°OLYA(IP) 4X 14POLYB (IP)~~Y1+POLYC (IP) Z1)

p 
C
C T O E  M:AREST V~~~TEX OF EA CH POLYGON

ZMIN= 1._99
NXT:DG=1P~ OCE ( IP)

8 CUNT INJL
IF (NXT ~~DL,.(N XTL3.~),EU. 0) ;o TO 9
IF (Zt1 I~~.GT. PZ) ZMIN:PZ
GO TO 3

9 CONUNLJ c
PZMIN ( I~~) ~ZMtN
IF (PDL YC (IP) .IN_ .O.) GO TO 11

C T’II POLYGON IS 3~~~N UN ~OGE — LI~~INA TE IT

IF (IOLJF- .E~~.0) Go 13 10
- -~ IPLL~~K( LO U J P ) z i P L I N K ( 1 P)

GO TO 12
10 CUNIIN’J

IPPT~~*7P
GO IQ 12

l€3
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11 CU~~i 1NJ
I UL )P~ I~

12 C0~.TINU ~
IP~~IPL INK (IF- )
GO TO 3

C
C RLL~~NK T-l t. POLYGON LISi IN O~(UER OF OISTANCt FRO~1
C VIE WE R
C

13 CJ~~TINU .
C ,r~~~N L , L~~. F A L S c ~.I3_ UP = 0 £ IP I~~PT~

1~+ CO ’flINJ
iF (iP....Q.0~ GO TO 13
J~ IP LINK ( IP)
IF (.NOi • ( (J. N~.. 0)  • A NO. (~~Z11 N (IP) .LT.PZMiN (J) ) )) GO

~ TJ  17
IF (IO L)P. (.0) GO T 3  15
IPL1NK (IOL3P ) =J
GO T O  15

15 CON TINJ~
IPPT R:J

lb CO MT 1NLJ _
IF LINK (IP) ~iPLI NK (J)
IPL NK ( J) ~IP
CHA I4GE~~. TR UE .
IOU3P~ J
GO TO 1.

17 C U N T I N U :
I3LDP :I-~

8 IP~~IPLL~ K (iP)
GO TO 1~

l-~ CONT INU :IF ( C - 1~~~G~~) GO TO 13

-C ~, 1 . R A T Tt-W J~~TiuNS FOR TH~ LINES
C

00 20 I~~i,NLINES

~ 1i2~~I~~)~~(I)
A X ( I ) ~~X~~( i L 2 ) — X S ( I L 1 )  I fl. Y ( I ) = Y S ( 1 L 2 ) — Y S ( I E I ) -
A Z ( j ) : Z j ( j . E 2 ) — Z S ( I E I )  £ A. X Y ( I ) = Y S ( 2 )~~X S ( I E i ) —

£ XS (I~~2)~~YS (I~~1)
IF (~~c3S (Ax 

(~.) ) • UT. A~~S (AY ( I))) GO TO 19
IF (QiBS (A X (I)).LT.1.E ’+) 4X (I)z1 .c~~o

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IF (~~iS (ZL).LT. 7S (IL2) j.E l0) ZZ~~ZS (Ic~2) 1,E 10
A Z ( i )  ~ (~~Z I ) / Z Z ) . A N D . — i 3
A X Y Z ( I ) ~~— L S ( I ~.2 ) ~~Z S ( L L l ) ~~A X ( I ) / Z Z
Go T U 23

19 CONTINU ..
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IF (ABS(A Y (i) ) ~~~~~~~~~~~~ AX (1)~~1•Lb~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
IF (AB~~~ZZ).LT•Z3 (1~~2) 1._ — 10) ZZ ZS (I.2)~~1.~~— lJ
A Z (I) (AZ (I)/ZZ).O P.1-3
A X p L ( I ) : — Z S ( I z ~f l 4 Z S ( L L l )~~A Y ( I ) / L Z

20 CO~ TINU ..

R~.i U’~N
E ‘1 3

3

a.

1
~~~

5

— -- -— - 
~~~~~~~~l;”

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~, ~~~ 
I~~ ~~~~~~~~ - -~ -~~~~~



SU~~~OU T N~ -~IOJ

C C O O :  ~~ FO~~ jN~~Fr’.’1L JIAi CILLO WIN OOWS
C

O’ I ION
1 /CW1 / W LX ,W~ X,W~3Y, riTY, QX ,QY,QZ ,PX ,PY, PZ,XX I,YY I ,

~ XX2 , Y Y 2 ,ID~~L T A
C OlrlON

1 /1 £E1,I~~2,NLIN ,~~PDL YS,IPPTR, X OF F ,Y OFF ,S AL E ,
I
2 XS (11C5 ),Ys (i1U5 ),Z~~(l l0,),IEONO (2760),
I IPEN O (-~,90),
3 I:Ul(2700),1iL12 (?76Q) ,IEOLINK (2760),
4 Pl N (o3O ), Fa JL YA (b~30) ,PULYd (690),POLYC (690) ,
£ 2)~~YO s-90)

I E ( ~~yo ) ,IFLIST (6go ) ,IPLI NK (6g0),~~x (1?70),
I AY (l77:~~,
S AZ (1770),AX Y (177~ ),AXYZ (i770)

C O i lON
i. /L 1i~<S / JPLINK ( 6 9 0 )  ,ILLIST (1770) , IJ L L IM K( l77 0)

I L ’ - T K , J L P T ~c,
2 J P P T R

S

C ~CT NUML~~R OF INT t.RM .DIATE WINDOWS

NW U. (FLOAT (NLIN ~ S)) ~~ 0. 25)

C S IZ . T P-L LL~~ Gt — P T - ~~~~ r~.~CCTANGL . ( L W R )

I WRX TY l.c~-i9
DO 1 I~~1 ,NPTS
W L X ~~A M I N 1 ( i~LX ,X S ( I ) )
W~~~~i.~M A< I (WF~X , XS (I))
W8Y~~A MIN 1(~’ddY ,YS (I))
W TY z~~M A X 1 (W T V ,YS(I))

1 CJ~ TINJ ~
XHIN~~WL X —  1.~~— 6 - A - . (W..X)
OX= ( X+1 .c— A3~~(W ~~X )—X~1IN)/FLOAT (NW)
YPlIN -3Y .~~~6 A R S (k~3Y)

I’ 
DY~~t W T Y ~~1,~~-b~~A 3S (W iY )—Y1IN )/FLOAT (NW )

C PR~~~ .t LINE ~ 1A 1JS LIS~

DO 2 I = t ,N L I N E S
ILLIS 1 ( L ) 3

2 CUNTI NU..

C SCA~ 3y INT~~’c’IEu1~~TL W INDOW •~IiCTA NOLES (IWR)
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p.— -- -- - V —’- - -  — — 

~~

—.-- -

DO 13 IJX= 1, NW
00 1-3 IJY= 1, NW
W~~X XII ~ 4-j~~~FLOAT (IJ~()
W~~~~~W~~X — 3 X
WT Y~ YM I 4 + 3 Y ~ FL O AT (I JY)
W3Y~~WT Y—D Y

C IJENEI FY “1 L1N~~ AND FO r ~M A LIN KAG E LI~~T
Li

IL~~’T ~~~
00 3 I ,NL1NF S
IF (ILLIST (I).Mc .0) ;o TO 3
QX~ X~~(I:D 1(I)) I ~Y~~~~(1:Dj(I))P X~ XSCL32 (I)) t PY YS(IE.02 (I))
iF .IO LIPtO).t.Q .3 GO TO 3
IJ LLINK (I) ILPTR I I FTR~ I ~ ILLIST (I) 1

3 CONIINU :
IF (1LP ~~R.~.O.0) C O 1) 19

C OET:Rt1.L N~ T~4E “J~ W I N D O W  RECTA Nu L E ( JWR )

~ WRX~~.41Y:-1.t99
I~~ILPTR

~. CUNTI NU:
W L X Z A M I N I ( W X ,X 3 ( iE O i( I) ) ,X S ( I E D 2 ( I ) ) )
W~ X~~AM .~x1 ( WRX ,XS (iE Jt (I)) ,XS (lED? (I))
W~3Y AMI4l (WuY ,YS (jEO 1 (I)),Y~~(IEu 2(I)))
WTY A 1 (WT Y ,YS (IE~~1(~~fl ,Y~~(IEJ2 (I)))
I~~IJL L INK (U
IF (I.~L.3) GO i - 0 ~

C FI~4J J” LINLS M NO FORI A LINK~ CL L IST
F JL~~TR~~iL PTr~

CO G I~ 1 ,NL1MES
iF (I LLIST (I).~~M.t) 0 TO 5
QX~~Xs (ITUj(I)) ! QY~~Y$ (IE0l (I))
Px~~X StJ ~ . O 2 I )  I PY~~V3 (IED2 (I))IF ( I2 L i F ( 3 ) . L Q . 0 ~ GO TO 5
IJ_ INK (~.)J LPT~
JL~~T~.:I

~ CON TINJ _
La

C FINI PO~ Y~ O~.S IN THIS .~iI~e 3OW ANU FUR’I A LINKAG E
C 3 LIST
C

ISU-’~~J PPT~~~0

:i ~ PT
5 CONTI NJ

l~~/(4

-
~~~~ .~~~~. 

-
~~~~~~~~~ 

a - . ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  
-
~~~~

-
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- -

IT~~ TA ~~J
N~~s 1UC=IP .)~~~(IP)7 CO-~ T INU
IF (NXT :JU ~:( 4X DG).:~~.0) ;s TO B
IF (ICL ~~P~~1) . L) .~J ) Go T O  ~
J P i . (jr :JP~- T .

~ I t o T 4~~— 1
Go ~-I t~

~ CO c-~T INJ .
IT H_ TS- ~ IT H .1 A I ~~ :L TA
Go TO 7

-3 LU ’iTINU
IF (IA 3i (ITri:T~~).Nc..3) (,) T O l D
Z I - ~ = .~L T Z  ( I P , W L A , ’~R Y )
I F  (Z l~~..~~ .Z S U~~

) GO TO 11)
Z S U ~~~ Z I —  I ISUr~=IP

10 Cu~~TINJ
IP~~IP LI .K(I~~)

— 
IF (IF-. Jc~, 0) GO TO b

C ~LI1 I NMT E 4 L~ LIN~ S A N o  POL YGO L~ 3E YUNO THE
I ~~~ A~~ F ST SU~c~~u-JNJ E~.

IF ( (I 3Jrc .L~~. 0) .O~~, (JPP1~~.~..Q. U)) SO TO 17
IOL-jP J ~ IP=JPPT~

11 C..- ~TlN ’i
N X T ~~J~~~~~-~E O .~L ( I P )

12 Cu~~TINCh.
NEJ~~I ~O N u ( i~X If 06)

8 iF ( N X  DLaL (M XT _ -JO )...~~.0) CU TO 15
IF (I_ -LiP (1).L~~.1)) GO TO 1~’

— 
W XY~~XXl
IF ((A Z( l :D).c,N F .1 3).NCT .).) WXY = YY I
Z~~4L~~MX YZ ( i~~t J )  / (AZ (N _ C )  ~W X Y—1,
IF ( Z V ~~_ . L L . G c T L ( I S U~~,X X 1 ,Y Y 1 ) )  GO 10 15

13 CON T INU ...
IF (IL..JST (NEo) •EQ. 0.) ILLIST (NE0) =2
I L L I ST ( N c . L.) I L L IS T ( N : L)4 - 1 0
N.~~~I_ I ~O(NX TF 36)
IF (NX T: J s - (N X TCJJ ), 4E.0 ) 0 1 0 13
J~~J-~LI 4’~’(I7)
IF (IO ~..JP .L~~.0) GO ~

) l~.
J P LI N K (13 L -J F~) J
GO TO i~

14 CO~4 i IN J1
-~

GO T~~ ~
15 cONT IMU:

Lu LO P  I
lb C O N ( I Nt J i

I-.-
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IPZJPLINK ( IP)
IF (IP .’~~.0)  GO T Q 11

17 CU~~~IMLj :

C PRJ.- 5S L” .I NC AiN) uRA W ~/ISL3LE PORTIONS

IF (JPPTR •EQ.0 C-) Ti 19
O A L L

4

C CH~ CK OFF LINEO COHPLET~~O

DO 13 I:l,N..INcS
IF (ILLiil (I).L,..10) .~.LL1SI (i) ILLIS1(I)—jQ
IF (iL LIST (j),~~t.4.l) ILLIST (I)=2

111 CO~ TINU :
La

C THIS INT~~R9:3IAT: 41t400W IS PRO~ c.S~~~3C
19 C3NTiNU ~

C A L L  UDNE
C

RE TU KN
E NJ

I
a.

I
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O o E O R U U T I N :  LI ~E -
~~~~

C -~-~
)_ SS 1H L iNE S I N  A~~ iNT~~~M~ O IATL WINDOW

I-

~~I ‘ -N X i (1)2) , YL ( 1 u~~) ,7 i  ( 10 2 )
L u - I C ~.L L~~NE.SA ,L~~iS, lI ANCI T
CUIrION

I /0W 1/ ~~x ,~~~X ,Wb Y , ,-~TY ,~~X ,-~Y ,QZ,PX ,PY,PZ, XX l , YY1 ,
5 XX2,~~Y2,IO: L T-~
C-) ~i UN

1. /1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~
2 x S ( 1 1 U 5 ) , YS ( l 1 j 5 ) , Z S ( 1 1 Q ~,) , I E D N D ( 2 7 € O ) ,
.~

3 ILD1 (:7’U ),1E~~2(27SU),IE3LINK (27ó0),
-. PL ,1iN (5- PU ),P)LYA (~~9Q ), POLY3 (69O) ,PO LYC (o9O ),

~ PJp..~~..(~~-30) ,
3 I-~Es GE (c- j fl ) ,IPLiS1 (69Q) ,IPLINK (t30 ) ,A X ti.77O),
I MY (177 ))
C A Z (177O),AXY (i770 ) ,AXYZ (1T7U)

C ui~1 oN
I /LI N~.S’ i~ LINK (c.- C ) ,IL LiST (1770),IJLLINK ( 70),
I IL~~TR, JL~~I~~,
2

8 C ~~i i C K A N D  J~ - A W L I N E  B Y  LINE

I:IL DI~
1 Cu~~T I N J

C i~~ j s  LINE iS ~~. L ,1 r.N — UN,  I.,NURE IT

IF (— ~X ( ).ET~.1. -66) SU 13 1~
IL 1~~I~~Jt  ( I )  I I~ 2-~IUJ 2 (I)
IF (LWINOJW (I, IrI1 RS CT )—1) 15 , 3 , 2

dO I -)T ~~ St C T IcC - DRAW LiNE
C

2 CU-N t INJE
CALL PLO~ ((XOFr ~~SC4....~-XS (IL1)), (YOFF+SCALE*YS (I~.t) ),
3)

L-~~~LL  I-’L-)T ((XOF FtS CA ‘X3(1L2)), (YOF F+SCAL ~~~YS (iE2)),
£ 2 )

c,3 ~3 15
La

C IP4T _ ’~~ECTOR S E X L,T — S OL VL

3 3ONTIN J~.
C

171)
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C FI r~u INNr~S .CTI0NS ON LINc. “I”
C

XI (1)~~X~~(Ic.1) ~ YI (l)~~YS(I~.1) I ZI (l)~~ZS (IE1)
NI NT = 2
J~~JLPT ~

‘~ CJ N T I N J _
IF ((J•.Q.I).O ~~.(A X(J ).EO.1.E6b)) oO T~J 5
IF (LiN_ ~ X (I ~J, XI 

(NINT ) ,Y1 ( NINT ) ~ZI (NINI T) 
) ) NI’4 T

N I N T + 1
S

J~~~JLL IN< (J )
IF (J.~~:.0) 30 10 ~
M INI = N I I T— 1
IF (N INi •~~. E . ? )  Go TO 9

Li

-C ~~~~~~~ i~HE INT~~~SLC 1IOt~S I~ O~<Jc.R FROM “IE1” TO
C S “1:2”
Li

IF A 3 s ( A X ( 1 ) ) . L T . A~~S ( A Y ( i ) ) )  60 10 7
N N N IN 1—1
00 ~ Jz2 ,MN
JP=J + j

— Jo ~ K:J P,NIN4T
-

- - 
IF t .~.x I ~~~~xI t p c )—x I (J ) .CE.O.) ~O 106
X=XI(J ) ~ Xi (J )~~XI (K ) $ l(I (K) X
Y~~YI (J ) ~ YL (J)=Y I (K ) ~ YI (K ) Y
Z= ZI ( J) ~ ZI (J)~~?I (K) S ~I (K)~~Z

I

— b C U N T J N ’ J :
GO TO ~

7 CuN T ~~~N,~:NINT— 1
00 ~ J~~’,Ne - 4
j P: 3 + 1

~ K~~J P ,NlNT
IF (AY( )’ (YI (K)—YI (J)). L .Q.) GO 108
X :%i (O ) I XI (J) X1 (K) ~ XI (K ) X
Y~~YL (J ) I YI (J)~~YI (K ) 3 YI (K )=Y
Z~~ZI 3) 5 U ( 3 )  Z1 (is ) ~ ZI (K) Z

i
9 CC ~~T I No

XI (~~iNT~~1) ~~S (i ?) ~ U (-~iN T+ l )=YS (I~~2) 3 ZI (NI~~T+ 1)
I Zs (l~~2)

Li

C JRA d ~ISIdLE St.UIENTS OF LINE “1”

xJ~~~~0.~~~(XiU)#xI (2)) YJ=0.5~~(YI (1)+YI (2))
IF ( (~~ Z( I) •A N .  19) •NE. 0.) ~~YJ
?J~~. X Y Z ( I ) / ( A Z ( I ) ~~W — i . )
IF (.N O~~.ICAN C IT (TN ~~~~CT,~~i,YJ ,ZJ ) ) 60 13 10

a 
L /I5~~.1-WE•



X :~~A I ( 1) I Y~ ~I(1)
GO T O  11

10 Cu~~TINU
L ~ I S = . F -~ L ~ L.

11 C0’~~INi :
iF (~~ j ’~ : . L) . 1)  ~

) TO 1+

40 1 ~ i~~2,NI N1

~~~~~~~~~~ (Xl (J) tX I (J~ 1))
IF ((AZ . 1) .AN 1 .  1-0 ) .N:.Q.) ‘~~YJZ J O X Y L ( I ) / ( A Z ( L ) ~~~ — 1 . )
IF (ICA -~CIT (IN TN~ L T ,XJ ,YJ ,ZJ) ) GO 10 12
IF  (.N’J • L1 1 , )  GO T U  13
UVI~~= .FT~.S1.
CAL L PLOT ( OFF~ S C L 4X1 , OF~- ’SCA L c.~ YE ,3
CA.. L PLOT ((XOFF +SL ~~_ L i (J )), (Y0FF~ SC A L~~~Y1(J)),2)
GO TD 13

12 C- J’fl~IN’J ..

IF (LVI; ) Cs TO 13
X E = A i ( J )  ~ YE Z YI (J)
LVI jz. F -~J c.

13 O O N ~~I N ’ J :
1~. CO~~T INJ .

I F  ( .Nt F. LI I~~ ) 10 TO 1~
C A - .. L. ~~L O I  ((XO FF+5C. _ L * x ) ,(YOFF +SCAL~~~YE) ,3)
L A L L  P L O T  ( ( X O F F + S C A X S ( I~~2 ) ) ,( Y O ~ F + S C A U E 4 Y S ~~t E . .~e ,

1 2)
11’ 2O ~~~p I ~~~IJ

IF  ( I . N _ . I )  GO T Q  1

~ -i ~~~

E 43



______ ‘iI4

~~~~~~~

-

FJ~ C fI0 — ~ L W4.NDOW (I ,1Ni ~~SCT )
La

FO-~1 A _ INK _ J LI~~T OF -4L L POLYjONS Wr~ICH
C S INi~ . r<S ..CT s-l ~ Safr~

C U ‘10 N

1 / C W I /  ~ L X , ~4 - ~~ ,W B Y ,W T Y , K , Q Y ,3Z ,PX ,P Y ,P7 ,  x . ( 1 ,~~f 1 ,
S X X ~~,Y Y 2 , I D E L l A
C O~D1ON

1 1/ iL1, IE2, NLI N S , t~PJLYS ,IP ?TR, X O F F ,YOFF ,Su AL E ,
— N — I S ,
2 XS (11U~~),YS (11Q9) ,ZS (11U5) ,lc~ONJ(2760) ,
~
3
* PL~1IN (-39O ) ,’~)LYA (bB u ) ,PULYd (6~ U) ,POLY (690),
~ POLY -D (Y3O ) ,
S I G ~~(u93) ,IPLc~ T (o93),IPLINK (S-~U) ,AX (i770),

A Y (177)) ,
AZ (17; II , A X Y ( 1770), MXY Z (1770 )

C0’1IUN
1 /L I-V S/ JFLiNK (~- 93 )~~ILLIST (1770)~~IJLLINK (i770 ) ,
S IL~~tK , iLPTk ,
2 JP)T,~

L41 ~JDW ~~0

C J~~FINE S1~~LL WI N JOW ~~ 2TANG L~. LIMITS FOR LINE “ .1

~~ — a.~~(iJ 1 ) YC ZYS (1 1) ZC~~ZS(I..~1)
I ZT (ZC+

i~ (A - ~~ (A x (ifl.LT.A E~,(Ay(j))) 60 10 1

GO TO 2
I

L P -~ = — ~ U~~ ( A Y ( I)  ) • 1.. E
2 ~ U~~~ I’4 J

~~‘ Y =  LPX

W 3 Y iJ1i~~i ( Y S ( i : 2 ) , Y~~~+ ...PY

— 

Y A A I ( Y S ( L . 2 ) , Y C ) — j PY

C INIT ~~~~~~~ -~INK I~ LI 1Li

I~~Uk- ’~j -<.~ IN1-~. S C T  0
ZlI ~-1~~( A MA X 1  (ZO,ZS(L.2))
Z SJ ~~ 1.

C

• 17~

____ - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ -~~
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C s T A R T  L U J V I N G  u ) - q N  T-)t~ -ULY GU N LIST
La

IP= JPP t-~
C
ç
C

3 CJ~~T I N J T
IF ((I?. ~1t.0) .O~~. ( PZ ~41N(jp) .GT .ZMIc ’~1AX ) ) GO TO 9

Li

C J3~~’T C3NSID~~ POLYGONS HAVING LINE 1 AS AN
C I
C

N XT : J~~~I P~~J~ E (II-)

~. CONTINU :
IF (IEDNO (NXTEDG ).EQ. I GO TO 8
NXT:D j

~~UL1NK (~~X T E  O~~IF (-NXT UC.N1 .0) GO TO ~
C

IT— )ETA= 0
NXT OG= . ?~ . J E  ( IP)

S CONIINUI
iF t ,~XT~~OGE (NYT~~DG) .EQ.0) CL 10 7
IF ( I C L I P( 1)  .E~) . 3 )  GO TO ~IPLI~~T (IP) l~’T~~~CT
INT<SC T :1~-’
IT -1 1 A = — 1
GO T i  7

ó C O NT I N U E
ITHETA = ITHE T A + I n r L T~
GO ~ 0 5

7 CO~~TI Nu~
IF 1IA 3C (iT -1E T )) . N~~.~~) Go TO 8
Zi~~~GETZ (IP,XT ,YT)
IF (ZIP .LT.ZT) R_ 1 U-~’ai
IF (ZI P .Gc~,ZSUR) GO TO o
ZSJ<= ZI~I SO r~ F’~ U -~. 

j P
b CONTI N -J

IP JPL I~~r~ (GO F- )  3
La CON~~INU:

La

C T H I N K L , . .

IF ( ISJ~~NC~~. EQ . O )  Gu TO t~

C .~c . M J v L  ~ NY H T D D E ’ J  PO.. Y C O N S

I IP 1NT~~~C T
10 CU~~ I N J .
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~~i~~
- _ _ _

-
_.

- _ :
~~~~~~ ~~~~~~~~~~~~~~~~~~

IF L I P.LG(.O) GO TO 15
NXT ..UG:LP:DDE (12)

11 CON TINJ I
N~.Li= I L ) N O ( N X T E O G )
IF (‘4X1 .. uGC (NX TriG) ..3. U) Cu TO 13
IF (ICLIP (1).c.I.0) GD 10 11.
W X Y =  X X  1.
IF ((AZ (-NEJ ).ANU .1B ) .N c..u.) W X Y Y Y 1
ZV AL zA X Y Z (N LD / A Z N U.~~IXY—1.
iF (ZVA L .LE.G ETZ (1LaU~~NO~~,X X 1 ,YY1 )) GO 10 13

C
C PUL YCUN COM PLLTL..Y HIu~~cN
C

J:i-)LIST (IP)
IF (I OLDP.LC. 0) LiU T O  12
IPLIST (I OLOP ) =J
(,O 13 i~12 CGNII NJ E
INI -<- C 1 J
GO TO 1+

1~ CO N T I N U :
IOL )P F

a i’~ CO~ T iNU:
IP=I?LIST (IP)
GO T O  1)

3 iS CO ” ) TIN U~LWINUOW =2
IF (INT- SCT.NE.U ) LWLNDLaW = I
L T O  R~ N

C
E N J

175
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L-)~,1Ci-4 L FU~~~TIJ~ L1,d:SX (I,J ,XC ,YC ,ZC )

C )O:. ~. I.E i” O ’ L ) .~~~5 IN ) ~~~~~~~~ OF LINE “I ?

CO -, 1 3 N
I /Cr4 tf ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S ~X~~,YY~~,I3 L TA
C O I M  O N

I // ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I
2 X~~(1iQ5 ) ,YS (l1Qo ) ,ZS(ljO5 ) ,ILDNJ (276Q ),
1 I~~LNO (: 30) ,
3 i1Q1 (?-7 u3) ,1 D 2 (27 C ),IEJLINK (2760),
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
£ PI _ y U ( ~~9 O ) ,
5 IPc33c. (-Dj0),IFLIS1 (~~9Q) ,IPLINK (BB0 ), MX( 1??0 ),

AV( 177 0 ),
S AL (1770), ~XY ( 1770) ,A X Y Z (i 7TO )

i~ i~ iEDi (J) I J~~? I E  )2 (J)
LIN sX :. FALSE ,
I F  ( - .~M L 4 1 Z~~( J E I )  ,Z ~~( J E 2 ) ) . C . . A i A X 1 ( Z S ( 1~. 1) , Z S( l . 2 ) ) )

£ ~.:TU~ N
D:A X( 1) .AY (J1 — A X (J )~~AY( i)
IF (AE3S (O ). LT,1.5 —~3) ~cE T J ~~M
XC =_ (AXY(I)~~~ X (J )_ A X f 1 J ) *A -K(I))/D
Y — ( A X Y ( I ~~~ A Y ( J ) — A X ~~( J ) ~~A Y ( I ) ) / O
IF (ABS (A X (I)).LT .4-3~~(AY (i))) CU 1 01

3 
IF ( ( ( X X 3 ( I c . 1 ) ) / A X ( I ) .~. c . . 1 . L 5) . O ~~. ( ( X S ( I E 2 ) X C ) /

1) -‘~c. T LJR4
ZC~~A X YZ (I )i  (AZ (l) XC-j .)
GO T O  2

1 G UN T INJL
IF (( (YI Y5 (IE I ))/A ’Y( i ) . . . c . .  1.~~—5) . O - ~. 

( (YS (I~.2 )—Y )/

1) : r j - ~ sJ
L~~~A X Y Z ( I ) / ( A Z ( I ) ’ Y C — 1 . )

2 C U N t  INJ .
IF (ME3 S (A X(J )) .LT .AOS (AY (J ))) G3 TO 3
IF ( ( (X0 — X S (J L 1 ) ) / A X ( J )  ..:. ~~~~~~ •OR ~. C (Xs (J ~ 2 )—XC )/

1) T J ~~
OJ z AX y Z (J )/(AZ (J )~~xr

_ 1.)
GO 13 ~

3 U~~1INU~
iF  (((YC—YS (JE I ))IA Y (J ) ..L.j,_ —Li ).OR ,((YS (JL2 )—Y C )/

~

1.) ~ E T J - ~’4
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D i = .~X Y Z~ J )/ (A Z ( J)  SYC 1, )
.+ Co~~T INJ:

IF (ZC .LT.JJ) ~..TURN
L i~~~~ A .TRU cs -

RE1 JkT’l

I

a.
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L L ),IC~4-.~ r o i 4 C I I )-~ ICA 4 I I T  t P)’T ,XC , YLI ,ZC)

C IS I HL -O I 4 (Xi . ,YC ,ZC) VI S I3LE?

CO~ MON
1. /CW L / $LX ,~~~

(,t4 3 Y ,b T Y , -o~~, )Y ,OL, ’-X ,PY ,PZ ,XX1, fY 1,
X X ? , Y Y L , I - J s L i - ~
U I ON

1. ‘1 iEt ,iE?, 4L IN~~~,N4Pa.JL Y~~,IP7T~~,XOFr ,Y O F F ,SC~~L:,
‘~i P T S ,

2
5 I~~. NO 

( —  :~ Q )
3

PZ41N (J °O ,~~JLYU C , P LY ’1~~~~~~~,P O L Y ~C L ~~ O) ,

~ 
Pn ..Y 0 ( 3 3 ) ,

I~~C L . (~~~
) ) ,I-LICi (t90 ),I?LiN K (C )0),AX (t770),

~ A Y (177C) ,
o A Z (1771 ),AX (4 (1~~7-j) ,a-~XYZ (j770)

U A T M  L~~~/1._ ~~~ /

LI

I G~~~C IT: • FA L S E .

C CON T-U~~T A TINY ~iIN~~U~ A-3 00T T~~~~ POINT

W LX. X —  P~ ,
~~ X X C+ :PS

W 3 Y ~~YC~~ P5

I C ~TA- ~T LU OK i JG Q fl 4 -1 T-1 . ~ O L Y ~~J -
~ LISI

I,

I P= I ~~~~~

I oN~ INJ-
IF (~~P.J4. 0 ) GO ~1)

I~
- (3LT7 (lP ,Xu~~YLi ).U .ZU— 1.c.—7 ) ~,o o ~IT~~ T~~=

NX Ji~~ L P L ) C ~ (~~~~
)

2 C O N T I N J
IF (NX T _ Do~~(NXT 1 1GI . 1.0) -,U TO 3
IF ( j F _ L . .~~~ ( t )  .N~~~. 3) - To --RN
iT TA TH E TA + I ’3 - L T A

Go II) 2
- - 

- 3 LO ~i INU:.
IF (I (ITH11-U.T0 .9- ) r~~ T ’Jr~j~

~

I i r ~..I T (I~~)
GO F- i 1

I- Cu ~T iNJ
I C A 4 2 i T ~ •

EN

I ~
-
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FU NCTiO N GE1Z~~LP ,XP ,YP)
C
C FiNs T~1 .. Z-V I~LU AT (XP ,YP) ON SJ~~FA CE OF Pu YGON
-C S IP
C

CO IMON
1 /— ..Wi/ WLX , W~~X ,W B Y , ~TY ,QX ,UY,0Z,PX ,PY ,PZ,X *1, YY1,
£ XX 7 , YY2 ,I O E L T A
COMMON

1 /1 I~~1,IE2 ,NLIN ,NF-CjLYS ,IP~ TR, XOFF ,YOFF ,~~CA LE ,
I
2 XS (i1O5 ) ,Y S (1tU5),LS (11O~,),Ic.DNO (27t0 ) ,
I I P E J ) O ( b 9 0 ) ,
3 IEDl (27ô3),LJ2 (2?c,0),I~ OLINK (2?o0) ,

P IN(b90), t~)LYA (b9 U) ,P3LY3 (o90),POLYG (b90 ) ,
I POLY O (~~~Q) ,

I (6941),IPLISI (690 ),IPLINK (b-BO), AX (1770),

~ 4Y (1773) ,
A~ (1770) , AX Y ( 1770), AXYZ (1770 )

DATA 1P3TORL /0/

C iF ~ULY ON IS NOl A ~UC LaR AL AT~~~AL , FIN D Z T~~
C EA S Y W A Y

IF (IP~~NO (I~~).EQ . L.) .0 10 1
GL TZ=_ P3LYU (IP)/ (7ULYA (IP)4XP+POLYB (IP )*YP+POLYC (IP))

~ E T -J ~ N
C
C IF 7OLY3ON IP WA S THE LAST ~UAU cALAiE R~ L D’) N~.,
C I SKIP TH-1
C ‘RELIi’IINARY ~ T JF F
C

1 CONT IN J~
IF (I P,~~Q.I~-S T O r ~~) GD TO 2

C P~~~.IMI NAR y STUFF
I-

IPSTU R L IP
JE1~~I~~~j G :  (IP)
J E 2 Z I E J L I N K( J E 1)  I J 3= I E OLINK(J : 2 )
IPIZILDI (J ._ I ) I 1P2~~IEJ2 (J~~1) I 1P3:1EJ2 (JE2) $ IP

- - I I_ )2(Js 3)
X3:XS (IP~~)’ZS(iP4) ~ YJ=YSt1 P 4 )~~Z~~(IP ~.) 3 ZJ~ ZS(IP..)
XAJ Xs (IPi)~~ZS (IPt )— XJ
X LID X S ( I P 3 ) ~~Z S ( I P~~

) —XC )
-
~

YA ):YS(I~~i)~ -Z.~ (IPl )—Y0

• Y C J ~~Y s  ( I P 3 ~~~ -? S ( F ~3)  ‘ Y 0
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JY = — Y A 3 — Y C ~~— Y0+ Y~ (I ‘‘) 1ZC (1 P2)
ZAj =ZS (1P1) — ZO
ZCDzZS (I~~3)— ~~0L L :— L A - J — Z . . - s — Z 3 + 7 ~~(IPfl
aX CC oZ— ZCI V 

~ =L GJ~~C X—XC-Y’jL ~ dZ=XC o OY— (004

~ DX -.

EX :YuJ~ ZoJ—Z AO~~Y~~J_ Y 3 4 jZ÷L C - Dy
FY Z - .0’ XGu- ~ A 0 ZC~~— Z) ’  J X + X ~~* DZ
~ Z X A U Y CJ —V A D~ XC U — Xi -J Y + V 0 DX
GX~~Y A O * Z i _ 3 A ~~~Y O I G Y = Z ~~D~~X D — X A J ~~Li I G Z = X A s ~ Y D — Y A D ~5 XJ

Li

C s:T UP AND SOLVE -0UAJ }~ATIC FOR A LP d4
.1

2 Co~i iN’J:
3 X - ’4BX fYP~~uY +BZ

X :X#YP LY+-j Z
G :X P+GX +Y P~ OY+G Z
IF (-4 B~~(B).LT.i.:—8~~~3S (E)) GO 1 0 5
S~~~/ (3~~- J )
SS: ~~

4 7+3/3
I~ ( S S . L T . 0 . )  GO TO S
AL A=5+S~~RT (SS)
IF (- ~LP HA .6T .1,) AL’- -iA = ~,FS— AL PHA

3 C u N T I ~~UE
XX (CX_X P OZ)I ML PHA +X u J_ X P 4 ZAJ

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 IF ( ( A 3 S ( X X )  ( Y Y ) ) . 4 . . I . Z J I , L — t I . , uO 1 07

iF (A 83 ( X X ) . L T . A BS (Y V ) )  ~ J ~
‘J~~ +

6.TZ= ( C 0Y~~~L 2Ho _ - ~~~
‘ 
~~L PHA— .V) /XX

RaT

~
3 Zz— ((JX ~~~L — ~~X )~~~L P-1 .A — U X )/Y Y
q’c c TO -~N

S C3~~Ti N’J -1

-CO 0 ~

C T,-(~j POINT I~ N~~T U~~ 
T H -~ POLYGON ’S ~JRF4Lac.

Li

~~ CUNTIN’J-
* G~~TZ 1..22

r~~ T U < N
-
I C

-C TWO SOLUTIO~~ — 
~~~~c. T~1 .. NaAREST

C
7 CO~~f INJ .

Z2~~Z ’ J + 4 L P H A  ZC O I Z 1~~Z 2 ’~Z A _ +A L P H A ’ -JZ
GsTZ A 1A .N1 (Z1, ‘2)

[ND
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FJN LTIO-4 NX~~LuGt. (N Y F L OG)
C

FIN ) Lr~QPOjNTS 0 Mc.X T .u6c. IN LINKE ) LIST

C O M I O N
1. f—C ~d 1 f WLX ,W(A ,W~~Y ,W T Y ,~~ ,CY ,0Z,PX ,P Y ,PL, AX1 ,YYI,
5 X X 2 , Y Y . ,1 J ~~L 1~~
C

1. 1/ IL1,1:2 ,’JLI Nt) ,N~ 3LYS, IPr-TR , XUFF ,VO FF ,SCALC ,
S

xs (110~~) , VS (1105) , IS ( 1105) ,I,...ON0 (27~~0)
~
3 1E-J1 (27Eu ),I~~U2 (27IO ) ,I. JLItJK (2760 ) ,

P Z M I N ( 6 9 0 ) ,P) L Y M ( ~~3 ) , P O L Y d ( ~~9 Ü ) ,P O L Y C ( b 9 0 ) ,
I POLYJ ()90)~

IPi~sG~~(E90) ,IPLIST b jO ) ,IPLINK (690) ,AX (1770 ),
S A Y (177fl,

A Z (1773) ,AXY tI 77O ),M XY Z (11 7 0 )

IF (NXT u~~.:~~.O ) GO tO 1
1 1:31 (1XT.~uG )
PX ~~X S (I)
PY~~YS (IPZ:Z5 (I)

3 
I~~I J 2 ( ’ 4 X T - D ’ )
Qx~~X5 ( i i
‘~Y:Y S (I)
02=25 (I)

~ X t :JL,Z .J_ IMK (NX $Er ;)
NX I o6 :—1

C 
kL J -~N

C NO ~~~~ EOG~~S F O~ T HIS F- OLYG ON

1 CO- ~i INJ .
NX T~ OGs=0

I~J*
LI

tNu
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FUr4CriJ ~ ICLIP (J ,IN))
C
C CL I- SU3PkUG~~A MS - 1~4CLuU~ ICLIP , PU~~H , IANG LL ,
C A N J  I~4 [ O 9 E
La

ON
I /-.~Wj/ WLX ,W~~A ,W B Y , M T Y ,QX ,QY ,QZ,’~X ,PY ,PZ ,XX 1,YY1,
I X X 2 , Y Y ~’,j[)c.LTA
CO ‘1 ~1 ON

1 /1 iE1 ,1~~2,NLINE~~,~~~aoLvs,I PPrR, XOFF,yOFF ,SCALE ,
I
2 X S ( 1 i 0 ’~

) ,Y S ( i 1 ( J 5 ) ,Z S ( 1 1 0 5 ) , I L D N O ( 2 7 6 0 ) ,
~ IPENO (z90),
3 I:D1( 7

~.- 0 ) ,I:o2 (Z7b0),IEJLINK (2760 ),PZ r l I N ( 6 9 O ) , Pj Ly A ( b 9 3 ) ,~’ O L Y d ( 5 9 0 ) ,P 0 L Y C ( 6 9 0 ) ,
I POL YdJ (~~9U)~
S IP~~DGE (-5 0 ) ,iPLIST (b9O ),IPLINK (b90),AX (1770 ),
3 AY (1770 ) ,

AZ (1770) , AXY ( 1770) AXYZ (1770) ,IC 1, 1C2

ILI L~~P SECTION
1

I J E L T A ~~~
XX 1=~~X .. Y Y 1 = Q Y

I~~1 :I W C O O E (XX1 , Y Y 1 )
a XX2 = DX YY2zPY

1C2 :IW030: (XX2, YY2 )
3 1 CON T IN- J :

IF ( (IC1.E ~~. 0) .AND. (IC2. -Q . 0)) GO TO 5
IF C (Iai1.AND.I ~~2).N _ . C ) ~u i O 7
IF (IC 1.N~..0) G O 10 2
IX IC 1 1 0 1 1 2  S 1C2= IX
X xX1 I X X 1 X X 2  ~ X X 2 X
X Y (i I YY 1 YY2 YY?= X

2 C uNiINI J~
IF ((ICL .ANU. 1 ) .~~~ .0) L a w  To 3
C A L L  ~ J r 1  ( C ,W L X )
GO T O  1

3 CONTINU..
IF ( ( I C I . A N D . 2 ) . E 0 . 0 )  GO ~o
CA~~L P-J s P-( ( O , W — X )

a GO lU 1
‘~ CO~iT I N -J~

IF  IC1 .ANJ ,~+ )  • .3.0) 3~ 1) 5
C A L L  PU ~~r1 (i, WBY )
Go Ti 1

5 CONTINU:
IF ((iC1.A1D.~~) .NIE •O ) CA LL PUSH (1, WTY)
G O TO I
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b CON T INJ .~
IOL IP Z—1

~ E T U ~~N

7 CONUNJ~
iF (If .c.Cl.0 ) GO TO 10

LI

ANGLE SECT IflN

IA 1 IAN 3LE (~4X ,~~Y) I IMZ ZIANGL :(XX1, Y Y1) 3 1A3
I 1-A NGL (PX ,?Y)
iai I IAI—1M2 3 IA2 =I~~2— IA 3
IF (1 A3 5 (IA 1).L :.3 ) C O  TO ~
IF (L~~1.LT.C ) IA i= IAI-+iô
IA 1= IA 1— 3

~ CO 4TI’-~J~
IF (1A35 (I42 ).L- .’) .,u 1 0 3
IF (IA ?...T.0) ILI ?~~IA2+1~
IA ’: j M 2~~~3

3 CON Ti NO -

ID :LTLI~~i.A 1 f I A 2
10 CUN TI N J_

ICLIP 3
3 R~~TJ ’~.N

EN D

a. 
183

hiL~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - -



SO ~~ O iL r~~ ~ USH (I AL ,

-C - C L I - ’ THE L I N ~ PGA INLIT Thc. ~~X T L N u L U  E J &~ S OF THE
C S ~iNJO-1

C u~~1 ON
1. /~~~~1/ v~L X ~~ rd~~X , W B Y ~~W I Y , JX , QV ,JZ ,P X , PV ,PZ , X X1 , Y Y1,
I X~~2 ,Y Y ~~,IU.LTA

C U ~~IiN
1 // 1,i~~2,NL S,NP3L Y~~,IPPT,<,X O F F ,1OFF ,~5CAL~~,
I N P T S ,
2 Xs (1t05 ),Y~~(1.10~~),ZS(1t’15) ,IED NJ (275O ),
I
3 Ia31 (27L0 ,IaD2 27so ,I~~JLINK (27E0 ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
5 PO.. YO (~~9Q ) ,
2 I - ~E D O E ( ~~3 O ) , I P L i L i T ( b - 3 J ) , I P L I N ~< ( b 9 O ) , A X ( 1 7 7 0 ) ,
5 A Y(j 77 0 )
0 A Z (1770 ) ,AXV(17 70 ) ,AXYZ (1770),i..1 ,1C2

iF (IA L .N :.0) GO TO 1
Y Y 1~~(YYL- YY 1 )~~(~~T-XX 1 )/(XA2~~XX fl+YY1
X X 1 ~~BT
GO T J 2

- 1 1 coN1IN -J~: -

X X 1 : ( X X ? ~~X X 1 ) ~~ L~T _ Y Y j ) / ( Y Y 2 _ Y y 1 ) + X V 1
YY 1. ~3l

2 CO N TINU E
ILII—I W CUDI. (XXI ~ ~~~~~~

N ‘

184
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FON0 T IQN 1W OO (X ,Y)
Li

C i~~TaRM i~~E THE LOCAT iON LODE FOR POINT (X ,Y)
-4

CO’ I9J N
1 /CW1 / WLX , W-~X ,r~cjY , W TY ,.~X ,QY ,’J~Z,PX ,PY ,PZ,XX 1,yy 1,
I XX 2 ,Y (2,j3~ LTA

1 II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-
~~~ S

2 XS (110,) ,YS (IIOL ) ,2S( 1135) ,I~ ON3 (2750)
S
3 IEJi(2 7EO ),I~~DL ? 7 E 0 ,I:3LINK (276o),
-, PZPl1N(~~9O) ,P)LYA (~~?0) ,PiJLYr3(~~9Q) ,POLYC(3- 3Q) ,

~ PJ..YD(~~-30) ,
5 IP~ OCL (~~9O) ,~~PL1S~~~ogoJ ,L PLINK (s9o ) ,Ax (j77Q ),
I AY (i770 ) ,
5 AZ (17701 ,AXY (177 0 ), AXY Z (1770),ICj,j 32
I w O 3E~~U
iF X . L T . W L X  c o o s : iW coD: +j
IF (X .0T .WRX ) I~~CO O I = I I C O ~~.+2
iF (Y.L~ ,~~3Y ) LWCOO~~z1~ C-3Q~~+ +

F - 

C 
IF (Y .G1.WTY) IWCOO~~:IWCDO. #e

r~E TJ ’~N
END

• 185
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- ‘7
AD—A040 530 AIR FORCE AERO PROPILSION LAB WR IG IT—PAT1TRSON AFB OHIO F/I 12/I

CONTOVR INS AND HIDOEN—LINE ALIORITHNS FOR VECTOR IRAPHIC DISftA—ETCw~JAN 77 J S PETTY. K 0 MACH
UNCLASSIFIED AFAPt—TR 77 3 P4.

END
AD~O~ 3O D A l E

FILMEDU 7— 77

I

L



FU NCTILJ~4 IANL~Lc~(X ,Y)
‘I

JE T_ R MIN~ TH~ ANG LE ‘~O)c FOR TH~ POINT (X ,Y)

COMMON
1. /CW i/  WLx ,W~~X ,WBY , wTY ,Q~~,QY ,QZ,PX ,Py,PZ, X X l , Y V I ,
£ XX2,YY2,ID~ LT~CO MMON
1 II 1,IE2,N1IN~ s,NP3LYs, IPPrR ,xoFF,voFF ,scAL~.,
~ NPTS,
2 XS (11O~~),VS (i1O~~),LS (11Oi),IEONO (276O),

~ IPLNO (59O )~
3 IED1 (27 ),I~.LJ~~(27EO),IE~3LINK (276O),

PZMII4 (~~ 
) PC)LYA (6 3 0 )  POL Y3 (690) POLYC (o9 0)

~ POLYD (E90 ),
5 rPL~ GE (69o),IPLIS~~ce~~o),IPLINK (6go),AX (177o),

~ AY (1770),
6 AZ (1?70),AXY( 1770),AXYZ (1770),IL.1,1C2

C
IF (x .G:.wLx GO TO 1

IF (Y.GT .WTY ) IANGLc.~~3
IF (Y.~..T.~~!3Y) IANGLE=5
R~ iU~ N

1 C0411N0
IF ~~~~~~~~~~ GO 10 2
1A~ GL~~~U
IF (Y.GT .WTY ) IANGLE~~1
IF (Y.LT.w 3Y) IANGL~ =7

H RETUR N
• 2 CO NTINO .

IF (Y .GT. WTY ) LANGLE~~2
iF (Y.LT .WBY ) IA~4GLc €
R TJRtI

(I

c~i~irLr ~~J

186
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SAMP LE ~ A t A  FILES

FILE “INPUT

8.0 i.~ 1.0

FILC . T A P E 4

8 i2 6
0.1671 — 0 . ) 3 6 2  10.1120

• 0.0975 0.11.43 9.’+692
• —0.01.83 0.0’.38 S.3~5,9

0.0403 —0 .1518 8.9957
0.03.7 — 0 . 0 3 1 L  11.b’..1

—0.0329 0.1242 11.0013
—0.1708 0.U370
—0.0877 0.12~~7 10.5308

1 2
2 3
3
L.

5 6
6 7
7 8
8
I S
2 6
3 7
4
4

I
2
3

1.

1 
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I

11
6

10

3
12
7

11

a
12

(FO 1~ C O N V ~~NI~~JC E , HE’~E W t . t~A V ~. V iO LA TE~)rHE FOR~1~ T FO~ TH E PO INT ~ Ut) I~O IN4 TE3. )
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