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ABSTRACT

This report describes an implementation of a variation of the

hidden—line algorithm developed by P. Loutrel. The new algorithm

produces hidden—line drawings of scenes composed of opaque polyhedra

as well as of some more general types of flat—faced objects not

covered by the original Loutrel algorithm. The prcgrazn is written in

Fortran IV and has been implemented in a batch version on a CDC 6600

computer and in an interactive version on an ADAGE AGT—30 interactive

graphics computer.
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1. INTRODUCTION

Given a computer descrirtion of a three—dimensional scene and the

coordinates of a vantage ocint , a hidden—line algor ithm deternines the

parts of the scene which are visible from the vantage point .

In this report an implementation of such an algorithm is described .

The algorithm is that originally developed by P. Loutrel and described

in a j ournal article * as well as in his doctoral thesis** . The original

algorithm accepted only true oclyhedr al objects , either convex or ccnc ave

and either siarly or multiply connected. The alccrithm inplementet here

extends the set of acceotable objec ts  to all obj ect s bounded by o lana r

surfaces . This includes objects whose faces may contain one or more

holes (either intrudinc or ext rudin ~t ) .  ~iowever , the extended alg or ith n

cannot handle non—closed objects or objects bounied by :cadric or other

non—olanar surfaces.

The imolemented rro~ rar called F P ~ W is written in 7TRTF~ N 2’!. Tho:’c

are two vers~~cns of t : ’C 000gra io : b a t ch  ant  i r i t e ra ct i r e .

* Lcutre , P. P., “A Solu tion  to  the  ~ i J d e n — L i n e  ~‘rob en for Ccnrt~ter—
Drawn ?:Lyheora ,” iEEE Transact ic~ s c:’

. 
~
‘ono :oers. 1o1. 2— 1°. ‘~o. 3,

March l?7O , or. 205—213.

** Lcutrel , P. P . ,  !?~~~ Solut ion to t he  Sidden— line Problem f ’r
Drawn Po lyhedr a,” doctoral Jis3eroa~ ion , ?erno ~tneno of Eiec :”cal
En~ ineeri:u~, ~ew York Uni~;ersi:y, dortenher l2c7. (7T 3 accession
number :  Do3 332).
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The batch version was implemented on a CDC 6600 c om ou t e r .  This

version of the program reads all comm ands , object descri ptions and

vantage point spe~ ifications from an inpu t data f i l e and produces

drawings on a digital plotter.

The interactive version was implemented on an ADAGE AGT—30 inter-

active graphics computer. This version of the orocram reads object

descriptions from data files but orogram control arid vantage ocints are

specified by interactive graphics I/O devices. The drawings produced

by the program are made on a OPT screen and hart con es can be obtained

on a dot matrix plotter or an incremental plotter.

Dur ing the last several years a number of other hitien—line or

hidde n — s u r f a c e  algorithm s have been t evelcoed . .~n ex t ensiv e  so rvoy  of

these algorithm s is civen in H ] .

- —-—~~ -~~~-~~~~~~~~~ ~~~~~~~~ -- ~~~~~~ --~~~~~~~~ -~~~~~-.--—~~~~~-rn-- -~~~~~



2. TJ~ FPCGF~N

2.1 Review

The program consists of a main program , PDRAW , and a set of sub-

routines and functions . The orogram recuires a plotting paokace for

drawing on a digital plotter or a similar ~evioe. The Program U S C S  a

system routine to measure the elapsed execution time .

The input to the orogram tmcnsists of a set of “scenes ’ . Each

scene is followed by a set of vantage points from which the orocram

makes drawings of the scene . A scene consists of one or mo re object:

bounded by p lanar sur:~~ceo . All the ob .~ects in a scene must be

intersecting . AU the vantage roints for a scene must be outs toe of all

the objects in the soene *. FTP produces three types of irawinos :

~ all the edges of all the objects are drawn as solli lines , ( 2 )  only

the vis ible edge s are drawn as solid lines, and (3~ the v i sib l e  edges

are drawn as solid lines ant the invisible eioes are irawn as tasked

lories. ~ ocure 2 .2  g ives  the  f low of c o n t r o l  of one r o t

2 . 2  Contu t a t ion  of a :Tou~maI Vect or  to a F ac e

A change from the original liutrel ver s ion  was man e in toe netbon

of computing outward normal vectors to all f a c e s .  These v ec o os are

vantage—point independent , coarutet onoe for an object in :uboo :t toe

PRECOM . The original method tevised by Lonorol failed for certaIn faces

suoh as those in. the share o f an H . The new t~~ogr~ m o :mv’:~ es a otomal

outward vector to a face as follows : Assom e ~hut a face ha:

* Two b :rres of rro.jcctions are a’ratlahl� : persoective an orthogr ooc.

~~~~~ —— . —~~~ — .
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whose coordinates are V,, I
2~ 

. . .  ~~ then

= 

j=2 
(v~~

_ v~ ) x (v~~2 v )

is an outward normal vector.

2.3 An Extension of the Algorithm

The original algorithm was extended to accept objects that have one

or more face—interior holes [Fig. 2.2] or orctrusicn [Fig . 2.3]. 1~ken

an object has a face—interio r h-ole or protrusion, the face where the hole

or rrotrusion occurs will be multiply connected ; that is , it will have

a hole in it. We shall refer to a hole in a face as an “antiface ” . 12nen—

“rer a vertex is behind a visible face , the order of invisibility is

inc:eased by one . However , when a vertex lies behind an antiface , the

r der of invisibility is decreased by one. This is done becanse each

a’r ~~ace i~ d_cao~ ”p t~ e presence o a aoe—~~~ e ~c~’ -~c~ e

is ins ide  a larger true face *. For the  face the order of i nv i s ib i l it y

is increased; for the antifaoe the order -of invisi’cill:’r is decrea :e:l l

There fo re , the  order  of inv i s ib i l i ty  of a :ert ex i n s i d e  an an t i f a o e  ices

not change a f t e r  both the  face  ar .d the  ant i f a c e  have been p r o c e s s e d .

* An antiface is t h t s  h~ un t e i  by a oh - in :f  e t c e s  t h a t  i s  ~~~ to~
from toe ~oain bouniinc the  co0 t I i n I n o  f a c e .

______________ - --= - -~ — _____________
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3. THE PDPAW HOUTIT ES

In th is  section all routines in PDRAW are descr ibed . PDRX~ c;o—

sists of a main program , 9 subroutines and 14 func t i ons .  The ohar t

of Fig.  3.1 gives their  connec t ions .

3.1 Program PDRAW

PDRAW is the main program which  cont ro ls  the  e x e c u t i o n  of all

routines.  U opens the o lot t ino  cutout , moves the  pen. to the  f i r s t

drawing , moves the pen between drawings and closes the olotting outout .

PDRA W also reads from a data f i l e  all the data delimiter : and v an t a g e

point specif ications , analyres them and cai Is the mom f u e o~ t ona l  sub-

r o u t i n e s .

3 .2 Subrout ine SETUP

SETUP is a subroutine which in i t i-a l i : es  the  tata :or’~coure of the

orogram . P o i n t e r s  to the  va r i ou s  s e c t i o n s  :f the  t a t a  s t ru c t u r e  are set

to p o i n t  to the  f i r s t  avai lable  l t o a t t - on s , -iot the number of ~ect: is

set to mccc.  The data structure of the oro gr am is tescrtbed on

3 .3  Subrout ine  llPUTM

This subr -uoin e reads the i e s c r t r f t  tre of  an. :b .’ect fr om t h e

iota  f i l e  to  tn e  data  s tr u c t u r e  of t he  or ogr ’am . The ft one of an ob

le s cr ip t  ion is ae:cr :be-a in  Se c t io n  ~~~. Whenev,1v en -a t t empt  is me-i c

read mcr~ i a~a in to the iota str -c i - c  tka : i  the  a 1 l l w-~bll :o ao : i :n r . or.

er r r message is wr :tten, ~o? rlott:n z ~ :~ r- Is ceose : 000 : 0

t:

7

1~~.~~.~_ , •~~~~~~~~~ -r-r T— 
- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -~~ -
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SETUP :HFIJTM** PEECO:i HEM OVE *

I I I I
IF

17 FACE

1 1 —
IOLECT **

* lolli a rloo inr r:- ;ttne t o  I r a w  a v e c t or .  I L E O l  ale ? ~~1Is
o pen.  tO ~ cUs o one c I t  t A c i t  u i  to  :ce~~s : ’~ ti:-

** b I b  a p l o t t in g  r t ~ oin e to cl::c 0 : - c pItt ~ : o : o t  in a t o e  ~f t a
:r stack ov e r f l  w .

FI -~c:’- .).l Ohs ~~m t n a’oi cm ’
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3. 14 Subroutine PRECC1

This subrou t ine  p e r f o r m s t h e  c re l in i na ry , v a n t a g e — c o i n o — i r ~decen len t

c l a s s i f i c a t i on  of each obj e ot .  I t  is ca l l-a  ~ once  fo r  eac h -o b j e c t

immediately f o l l o w i n g  a call to  HFU TM . 31I - ’A c o m o c t e s  the  f o l l o w i n g :

a) an outward r~orm -ll vcct~ r t  coon face of the object

(the method is i~ scn ibe_ in Section 2.2)

b) classificatio n, of each c-ice as either °t -oe H2 or

[1, page 2 0 8]

c) classification of the object as ei t her  convex or concave.

3.5 Subroutine THANS

This subroutine transform s all vertices of all ob~ e:ts from the

object coordinates to the vantage point coordinates ant then to the

picture plane coordinates. TP~iNS uses either oerspective or or~ hcgrarhic

Projection. All picture plane coordinates are scaled down to a

(—1.0 , 1.0) square for further concutation:. The tr~ osfoI~~:~ti -on. :r :o e :s

is described in Appendix A .

3 .6 Subroutine PEY OTE

This is the main su’crcutine c o no r o l l in o  the  actual asr: o f  h i

line removal. It computes the ‘risibility of all faces by call: to

function ITFACE. All edces and :zertices are clas sif tet by : e b l m n . r  sub-

rou tine C~~ SS. t’isible edges in a no n— tooc re-ot time g oc:v ’-~x

are determined in this subroutine. F: scon e is i i i  Ic :~~ n ’ c s-e ’ of

octentially inoors eoting cbjecoo~ ant tassel t - :  s ; c m ’  .ti ne LU’IT

oroces sin;.

* T ht - c r : e ot i o n s  are determine~ f o r  cm’ ‘ c o t  -os of it ‘ t ’ t s  i n t o  t o - -

-

~

--- -- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---- —-
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3.7 Function IVFACE

This is an integer funct ion which  returns the value of +1 if a

face is visible from a given point and the value of —l if the face is

invisible from a given point . IVF,&CE is invoked at two points in  the

program . First , it is used to de te rmine  whether each face is i nvi s i ble

or potentially visible from a vantage point . Second , in order  to  compute

the order of invisibility of a vertex , this  func t ion  is used to  t et e rm i n e

whether a face  is v is ib le  from a ver tex , wh i c h  is i d e n t i c a l  t o  i e t e r —

mining whether the face is in front of or behind the vert ex . This

second use of the  f u n c t i o n , however , uses on1y faces which were terer-

mined to be visible in the first use of the function , si nce invisible

faces do not change the order of invisibility of  a vertex.

3.3 Subroutine ~~ ANGE

This subroutine computes an enclosing enve lore for each ct e-t in

the current  scene.  This  is lone by c - e ar c h i n g  f m ’  the :nco~imum n 1 m i n in g :

x and y p i c tu re  c o o r d i n a t e s  of each oh -act .

3 .9 Subro u t ine FEAUGS

This s u b r out i n e  con ruoc :  or . - a n t  l : s in 1  - --“
~~~~ c~~ f o r  ~ach v t s o b l c

face of each ob ’ ec t .  Th is  is  t o n e  hr  s e o r o n : n r  f~~r the  n n x i m : o m  - n i  m i n i —

mum x and y picture plane sccrIir a~es of each v i sib l e  f-at -~ in a co on -:- .

A l t h o u g h  the e n c l o s i ng  en ’;elit-e -s o f  v i s ib l e  faces -ao’-: n o t  ceo , ir e d  hr

the basic a l ~:rithm they  are uo’- i ‘
~~~ :mo~ed op n : m b r t - ~n i a  ly  t he  : nc-s-

tations of the o r d e r  o:’ in’~’io ibil it y of v-o’~ i mec as w~- I a: t h - ~ :~~~m~t h i  mo’

f o r  edge i r . t~ - r c e c t i o m m s  m e r f ~ r’: td in  ~u b r : m t i n - o I l lCT on-i  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~
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3.10 Subroutine CLASS

This subroutine per form s the vantage—point—dependent  c lass i f ica-

tions . Each edge in a scene is c lass i f ied  as e i ther  type HI , H2 , 53

or H14 El , pp. 208—209]. Each vertex is classified as either a boundary

or an inner vertex [1, pp. 210—211]. This subroutine is called each

tine a set of potentially intersecting objects is found. if i t  is

called with only a single object which is convex , the vertex class ifi-

cation is omitted . This subroutine identifies all invisible edges

(tyne HI and H2).

3.11 Funct ion IORD~~

This function returns as its integer v a lu e  the order of in’risi’c tIlt::

[1. oage 209] of a vertex passed to it. The cr ier of inv isibility is a

non—negative integer corresoonding to the num ber of co ~~-~r m t i a l I y  vis itl e

faces which are in front of the vertex , i.e. between

and the vertex . Note that invisib le faces are no’. c ent -i.

3.12 Subroutine LOCATE

PEMOVE passes to llCATE a set of ob ec s to a cc ~ ’m:c vh i  ch c

intersect in toe picture plane [1 , pao-o 111 . Thi s  routine on’ -c-asses

in two nasses all H3 and dl tyP e edges. I: -i the first pass all edgrs

are processed; in the second pass all HI edges are orocesse 1. Eaoo c-ice

that  is processed has i s  initial and final cconiinates rut int o a stack.

The crier of i n ’ : t :ih i l Y y  of the  m i t t - L b  v o r  em: of the  d c-a is pot into’

ar. - t m c r  stock. These stacks are macn o ’~::e i - ‘ o h ’ -  ‘ t n - ~ COLH - T

c m r - ~ t -o : any possible i n t e m ’ m c c~ i s o  c:’ ‘h i s  - a i ’ o  4dm -ut : ’  em ’  H-.

edge in s j-’ ’, - m ’ ~~ : - - ‘ s  poc - - :  t o

_ _ _ _ _ _  
_ _ _ _ _  _ _ _  

- 

_
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3.13 Subroutine COLEC T

This subroutine computes all possible intersections that one eige

may have with another E i , pp~ 2 0 9— 2 1 0] .  The ini t ia l  and f i n a l  c o o r l i —

nates of an edge are passed to COLECT from LOCATE. COLECT uses

functions ITEST and INT~~S to fin.d any possible intersection : ar,d adds

the coordinates of any found i n t e r s e c t i o n .  into a stack. U also com-

putes whether the processed edge is coming from behind a face or is

going behind a face at the point of the interseotion. . T h i s  c ha ng e  in

the order of invisibility along the edge , wh ich is either +1 or — I , is

also put into a stack.

3.114 Function ITEST

ITEST is an integer function woich tests two edges for a

intersection.. It returns the value of +1 if a va l id  to t  er : e ct i o r  is

found ; otherwise the value of 0 is returned . iTEST is also’ used to

an i n t e r s e c t i o n  of a l ine go ing  f rom a ver tex  to infinity with an edz-e

dur ing  com p u t a t i o n s  of the order of  i nv i s i bi l i t y  of a vertex.

3ll3 F u n c t i o n  IN TEE S

IPTEPS is ca l led  from O-ILl lT - af t e r  TEST foun d that t w o  edges h o r s

a valid intersect ion and comput ed the x and y coor i i :~at es  of the inter—

sec t i on .  INTEPS determines whether at the point of the int orseotlo!.. ‘he

nrocessed edoc is im: fr cot of  the  o ther  edge or n o t  E l , p - ~~’-~ ~lO . U

it s he “ 1 ~~P~~’’5 a, ‘
~~‘~~~ 

‘
~ 

-
~~~ s-~ ,- S on.

behind a :‘a o e  or is going bedim : i a. f a ~ e cml IFTA’L .’ r-~’ m’ n o  the  -s -A 
~

- ‘ o f

+1 , t m:er ~. i se  a :‘er is r e tur m:c  i .

_ _ _ _
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3.16 Subroutine Hill?

This subroutine is rassed a stack containing the initial and final

coordinates of an edge as well as the coordinates of all intersections

this edge has with all other edges. A stack containing the initial

order of invisibility as well as the changes in the order of invisibi-

lity at each intersection , either +1 or —1 , is also passed to EMIT .

EMI T sorts out the intersections by their inc reasing d i stance from the

init ial vertex ant the:. causes the segments of the edge to be drawn as

either visible or invisible vector:.

‘S 
-
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I. THE DATA STRUCTURE

In this section the data structure of the program is descr ibed .

All the data describing ob jects as well as several parameters used

throughou t t h e  noo gr ~~o are stored in common blocks . The p o r t i o n :  of

the data struoto- re which are vantage—point independent are marked

with asterisks . A chart of the data structure is given in Fig. 1.1.

1.1 Commmon. ~lsok b-yPFL

This common. block contains the data describing toe o bj e c t s  that

have been entered int o the vroorari . All a r rays  in t h i s  block are

dimensioned to ~-!AHi! which  is the  maximums number of objects in a scene

that can be entered in to  the program.

Mcp :L~ bVO :I l~ * contains ocioters to the first face of

an object. The pointer of  each oh ect is set by

subroutine UPt’T j u s t  b e f or e  the  ch est  is :‘aad i n .

oo nt a an s  t he  t~~~e cf an o bj e c t :

convex objec ~ C

concave ob jec t  I

The tyPe  is set by subroutane ?~ECOb- after the

crelirninary classification. of  all -aire s as either

t~~~e E2 or ES. If t oer e  ar-a no edges of t y r e  HO ,

the tyo’e of  the object is sat to sonv am’: (O~~ if

t h er e  are onc or mo re tvre HO ed ges , ‘he or:

the object is set t o  c o n o m a ’ .’a ( l b .

— 11 —
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IF’ES V (b.IAEM)* contains pointers to the  f i r s t  vertex of

of each object. The pointer of an object is set by

subroutine IN FUT M just before the object is read in.

ILAST~f ( M A ~c,I) *  contains pointers to the last vertex of

each object. The pointer ci’ an object is set by

subroutine INFUTM after the last vertex of the object

was read in.

~7-LA:C-b (b-t~~ - l )  ar ,l tt -llbC-l ( b -b~~ M

contain the maximum and minimun x and oictuo’e plane

coord inates of each object. These values are computed

for all objects in subroutine b-~~~tCE .

is a p:’oc-o::i o stat s: list a’hioc. contains

Pointer : to a set of o’cj~~ot: that ha”e cotential

intersections in the  rioture r l a n e.  These pointers

are set in subroutine EHibIVE .

:-1STATE~ :-LA:C-!) contains the Processing status of each object

in a scene :

not proc essed C

add to t h e  r r o c ess i o g  l is t  . . . I

in the processinc lis t 2

p rocessed 3 

— -— 
-- 

~~~~~~~ -~~~~~~~~~~~~~~~~ - _~
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1 .2 C oortoo n T h o o k  FACE

Thi s  common block con ta in . :  the data descr ibi ng the  faces of obj e c t s

entered i n t o  the P r o g r a m . All arrays in t hi s  b l o c k  are d im e n s i o ned  to

MAlE , w h i c h  is the maximum numb er of faces  that  can be entered  in to  the

pro g r ~‘n.

:FAOE( b.L~xF)* contains pointer: to  the f i r s t  edge of a

face. The pointer of each face is set by subroutine

INPUTM just before a face is read in.

yPv (Mp~xy ,3) * contains the three components of an out-

ward normal vec tor of each face. The vector is

computed in subroutine ?REC’Ib-i .

IVPNT(MA XF)* contains Pointers tt the first vortex of

each face. The pointer is set by subroutine E H E C I M .

NEX TF(MAX F )* contains pointers to the next face of or,

object . All  ~c inoe rs  ar-a initiali :ed by subroutine

SETh?. End—o f—l ist ocinoers are inserted by sub-

routine U?’Tb l after toe last face of an cb/ect

TyPY?~~ b~AXy)* co ntains toe type of eaco face;

inner face lescrirtion C

outer face description 

The tyPe of each face is reai f r o m  the inout

file by :ibrou’ m e  UFVTII.

_ _ _  _  .- — ---*-- --- --
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I C E (M A y P )  indicates the  visibility of each face:

invisible face — l

potentially visible face +1

The visibility is computed in fu n c t i o n  ‘IF’A CE and

stored to ~CF ‘cv subrou t ine  FEMOVE .

, X MINF (bdAXF ) ,  Yb-IAXF(b ’iA XF ) and YIENF ( :LAXE )

conta in  the  maximum and minimum x and y p ic tur e p lane

cocrd:nates of eaco pctentaallv vis:ble f a c e .  These

values are concuted for all rotentially visible

faces by subroutine FRC~ACE .

:yPv (~-~xE) is used in computing the visibil ity of faces

when the orthographic vro -eot ion is selected. U

contains the dot croduct of the row of the  trans-

formation matrix with a face normal vector. A

n.egative ‘sal-c e indicate: an invisible face; a non-

negative face valce indicates a 000ential bo visible

face.

.3 Common Slcck

This  c o m m o n .  b l ock  c o n t a in s  the  da ta  : a sc r ib i n g  the  e toes  of ob’ eots

entered  i n t o  the  crogr ams . All arrays in. t h I s  b lock  are d i m en s i  ‘ne t t o

-LA :C wh.i o h  allows ~LAXE 2 edges to  be en te r -c d  in t o  t h e  r : ’ oo r - a m mo .

:::IFcbL°o?b ,-~ ~~ contains the  f o I l  cvi. f c oo’ roim ot er s

for each cite :

1. P o i n t - a r  to t o o  i n i t i al  ‘,‘-~rt ,a x of the -‘lie.

2. Pointer to th-a fin -al ‘.‘-s’,’t-. x of t h e  - 0-to - S .

- - - ~~~-rn ~~~~~~~~~~ -.- -—-- ~~~~- - ‘ ~~ —‘-- -- -~~~~~~~~ --
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3. Pointer to the face on the right of the edge.

1. Pointer to the face on the l e f t  of the edge.

Pointers 1 and 2 are read in by subroutine UPUTM f r o m

the input data file. Pointers  3 and I are set by subroutine

II~PL~M after al-I the data was read it.

IHTYPE(MAXE)* contains the vantage—o’oint—inderen.dent classifi-

cation of each edge as either t~~ e H2 or tyPe H3. This

classification is done in subroutine FEECCM.

:T::fE(MA;~~)* contains pointer: to the next edge in a face ci’

an object . All pointers are initiali:ed by subroutine

SETh?. End—of—list pc-liters are inserted by subroutine

i:IPUTM after a face was read in.

IH (MA~~~) contains vantage—point—dependent classification

of each edge as tyre El , H2 , Ed or Ed . This classi-

fication is done by subroutine CLASS .

1.~ Common Elock ‘IHi ~TEX

This common. ‘clock contain: the data describing the vertices of cb .’eoo s

entered into the proorari. All array: in this tlock are dlmoensi coed to

~t~:ci which alU~ s — I :-a r ’ti’e .a to be em o - o r e , i non- one  n r r: ’-v . . Cd-a

last lo cation is used by the program for a point at “infinity ” .

‘~~HTEX(MA C/,3)* contains the :;roo’Jtnates of  ‘-~ rtI ces

described in the oh ‘s-c t c o or d in ate sb-stem . The

coordinat-a s or~ r ca i in Coo-’. toe io u’ dat a file

‘cv s i i h ro : t b n ’a  U E ’ ? b b .

- ~a~LA
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~P~RANS(MA~J ,3) contains the coordinates of vertices in the

vantage point coordinate system. The tr ’~~o~~f o  at i c ro

from the object coordinate system to the ‘rantage point

coordinate system is done by subroutine CRAtE.

V2D(MAXV ,2 )  contains the coordinates of vertices in the

pic ture  plane coordinate system . The t r an s f o r m a t i o r .

from the vantage point coordinate system to the picture

-‘ plane coordinate system is done by subrou ti ne TEATS .

ThV (M A~~T) contains the order of invisibilit’r of a vertex .

It is computed by fun ct ion l OPPER .

fl~~YPE (MAXV ) contains the classification of a vertex as

either a boundary vertex (non—zero ‘sal-se) or an

inner vertex (zero value).

1 .5  Common Block STACK

This common block contains inf o lnoat i on about im oto rsecti on: toot an

edge nay have with any -other c-doe . All a r ray s  in this block ar-a limo ’:’ —

sioned to MATS . This allows each edge tc- ha-se so t o b -b A YS — 2 im oo e o - —

section: , since t w o  l o c a ti o n s  are -is-a l for to-a Lot’ ia a::o fiooA.

of the edge.

ISTPbJT is a pointer to the ton of the stack.

STACK (b-L OOt , 2) c ‘ntains lie p b-o t k r-- ~line :-: -an i ‘ ‘ ‘ o  —

no tes of all edo,e inte :’’ecni:ns. Lcc’ani ns I -and

2 cont ma in the ci ct - .rc nlono ao ordi n ates cm ’ ‘h’:

in i t ia l  and f i n - i l r e m ” ices - m ’ ‘he - ‘-

~ 

- - ‘- ~~~~~~~~~~~-~~~~~~. -—--- -~~~~ ~~~~ -~~~-~-
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K s(M A YS ) contains the increment of the order of  in-list—

bility of each- intersection. This value may be eitn~ar

+1 or — . inoicating that the edge is go in g  behino a

face or coming :‘rcm behind a face. Zocant on: and

2 of the stac~ cont ain tIne order of Imo’s:s:hilit:’ of

the initial ate fInal v e r t i c e s  of the e :g e .

C ST(MAXS ) is used for sorting o~ o d o e  intersection s by

tocir increas i ng siatance :‘rom toe inioi a vertex

of the edge . The s:rt i ng is 1:-ne in

EMT before the subroutine -anits sesp ents ci’

edge as eitner vis ible or  invisible s e c t o r s .

-. .6 onmcv: i I : o ~ FREE

This c :omon block c o n t a i n s  pointers to toe next a’raila:~ -a do oa t ions

in the  b l o c k s  - !CDEL , FACE , ST-C E and

a po in te r  to the  nex t  a va i l a ble  l i c a t i o n .  in

bb:c- -LliEZ. ~ t is initiali:ei to I c’s coi::’:-o ’ Inc

SETh? and incremented ‘cy in subrout ine

before a ::ew object is read in.

:F~~ E *  is a p-tinte r to  toe next available l ocation in

bl ock FACE.  t i : mn.~~ iali:ed - by s- mi: ’ lie

SE~ JP an d  in c r emen ’e~ by 1 in o-~b -r :o ’ine

before a moew face is read in .

is a Pointer t~~ t he  n -cm-m t available locat ion in

b l o c k  S~~~~. :t is ini’ i ol i o - - t cv

SETh? -arm I in ’reo -a ’ o- ~d by I ‘, m m - - C n .tine

a new e dg e  i s  3’ or-:- i n .

_ _ _  
_ _ _ _ _ _ _ _ _ _ _
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FJFREE* is a pointe r  to the next available locat ion in

block VERTEX. I t  is irdtiali:ed to I by s u b r o u t in e

SETh? and inc remen ted  by 1 in s u b rou t i n e  ITPL”T:-~

before a new vertex is read in.

NI4 OTEL* is the  number  of  o b je c t s  in the  scene in the

program. t is set to 0 by subroutine SETh? and

incremented by 1 in s o c r o u t i n e  TPbJ TM before a

new object is r-aa: in.

t-? T is the number -of objects in the scene which hase

po ten t i a l  i n t e r s e o n i o n :  in -he picture nlaoe and

which are cur r en t l y  in the  l i s t  bI L lE T . The numb er

is computed  in s ab r c u t i n e  P~~-IC~i?.

Common Stock ?AEA,ME

This -common ‘click -contains several parameters wnich are use-I through-

out the nrogram .

‘TP (3) contains the current -Tonnage ocint mc , :° an.:

coordinates given in the -object coordinate system .

They are read from a vantage point snecifliation

sar d by the main Prooram F PAW. U some root i n - a :

toese variables are set eo-:i”oleot to Y

~~

, YC an-i ~~~~~ .

lRTHC is a to oL-cal --‘-iria ’ol -a which is set to .TRUE . in

the ma :n pro 1:’am F’PAV wh’~’n the crth - C:’-aph~

:~ (‘) monta ins the r~ v of the ~ :‘-~m - s f : r m t o’ i on  ‘t’r nix .

c omnuted in co . i r t : t in e  T P A l C .

~ 

~~~~~~~~~~
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PD contains the t r ans fo rma tion  val-se D , the d i s t ance  of

the vantage point from the  o r ig in  of the object

coordinate system , computed in subrou t ine  TRAN S .

EMAX contains the picture scale of the current image.

It is computed in subroutine TRAN S .

RADIUS is the maximum -distance -of a vertex from the

origin of the object coordinat e system . It  is

computed in. subrout ine  :TPUTM .

- ‘ EPS1, EPS 2 , EPS3 are small numbers which are used as

tolerances in some computa t ions . All  m o s t  ‘be

positive numbers.

IENPNT is a pointer to the currently processed edge.

NI is a pointer to the initial vertex of the currently

processed edge. It is set in. subroutine LOCATE

and used in troorams 0015CC , ITE ST , and ITTEPS .

t2 is a point -a r to  the f i n a l  vertex of the currently

processed  edge .

l2IPtT is a n o in t e r  to an e~~~-o w h i m o  may bar’s an i m : t - c r —

sec t ion  w i t h  edg e ~~TFNT and is c u r r e n t l y  t e st e s ..

i~ ~s a p oin ter to  toe 1nit1a ~ v er t e x  :0 c-s ’s ~: . :

It  is set in s u b r ou t in e  C - T C T -~n d - s:-ao in noon-coo

TEST an I ~~Tl i C.

is a n om nte r t o  toe f,nn , nero-o x o r  c - mo e

~

_ _ 
- — - ‘ -  ~~~

-
~~~~~

-- - 
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X is the x -oordinate in the p i c t u r e  p lane  of the

intersection (if it exists) of edges ~~T?XT and

IEIPNT . It is computed in f u n c t i o n  ITEST and

used in program s COLECT and ITTER S.

Y is the y coo rd ina t e of the  i n t e r s e c t i o n .

DASHED is a logical variable set to  .TRbJE . by PORAW

whenever the hidden edges are to be d rawn as

dashed line s.

SCALE sets the plot output for a maximum nIotting area

of 2* SCALE by 2* SCALE inches.

)-~.8 Common Block DIMENS

This common block contains the dimensions of the arrays used in. toe

data structure.

MAIC,1* con tains the di m en sion o r’ arrays in ‘look ‘-MOEL .

MAX?* contains the dimension of arrays in b-lock FA-Th .

MAXE * contains the dimension of array: in block FIGS.

MA CI* c o n t a i n s  the  d imens ion  of arr ays in bl ock ‘,‘FETEX .

IIAXS* c o n t a i n s  t h e  l imero s i  on of  -ion-ar: in  b l o c k  STA T-:.

~



5. DATA FORMAT

In this  section the format of -data f i les read by the program is

described . A data f i le contains three types of cards — or card images.

delimiter cards — delimit sections of a data file.

object cards — contain object description .

vantage—point cards — contain vantage point descri ption .

5.1 The Structure ?~ 
Data Files

:nput dat a to  POFAW consists of a description of one or more scenes.

Each scene cor ,t a ins  one or more objects. The last object in a scene is

followe d by one or more vantage point specifications . The fo rmat  of

1escri~ ti on o f an oh~ ect is given in 5 . 2 .  A scene , an ob~ ec: and a

group of vantage ocint s are delimited by special cards — ie1imit-~r card: —

woich cont ain a digit in column one as follows :

1 Scene header ; indicates that a scene follows ; columns

may contain the name cf toe scen e  or any cc -mom en t

w h i c h  is p r i n t e d .

2 Object heade r ;  i n d i c a t e s  tha t  -a d e s c n i n t i o n  of an . i r ect

follows ( i n  the f o r m a t  d e s c r i b e d  in 5.~ ; columns 5—1 .0 may

c o n t a i n  the  nam e of the  oio~~e:t or any o mo-ant wo i ch is

pr i n t e d .

6 ‘ Ja n t ag e —n o i n t  header  ; i n  dic’a~ -a: that van tage  n o i n o

car-Is follow; this c - an d is rolac ed f - I l  w i n s  -me s - a s c r i p -

t ion  of t he  I-a s’ :b~ -a-s t in  a s - c a n e .

? E n d — - o f — s c e n e  c ar - i .  T h i s  c-ar -I  f l i  ow: abe los t  vantage

r o i n t  ~- a r - i  ar, l in- li - coo - as tb-a -on ,’ the o :r:’--r:t so -- ’.

— 25 —
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It may be followed by an end-of - f i l e  mark or by the

header of the next scene. The last scene in a f i l e  need

not be followed ‘by an end—of—scene  card.

The s i z e  of the input data , i . e .  the  number of objects , faces , edges and

vertices in a scene is limited by the s ize  of the  dat a s t ru c tu re .  An

error message is pr inted when the permi t ted  s ize of the data s t r uc tu r e

is exceeded , indicating the part of the data structure that was exceeded.

The program does not limit the number of scenes or vantage points in a

data file.

5.2 Format of O b j e c t  Sr ec ifi ca t io~ s

In order to enter a planar—faced , s o l i d  :‘c~~e-c t i n t o  t h e  P r o g r a m , a

description. of the ob~ ect must be created. Such a ie:cripti:n

of a list of the vertices , followed by a list of the  faces of the cb~ ect .

5.2.1 ‘Jer tioes

Each ve rtex 7. is J e f i n . e - I  by t h r o~’~ c c c r o i  n o t e s

t’,~, x ,,y. ,:.) l iven in the object  c o:’ ’,im :at’o so-st~-n.. The iso -a x ma:

be arn~ trar~ ly assigned to a -sertex . t is , h-:wev-°r , ass cn-o : oha~

= 1, 0 ,3 ‘~~ wo-are ‘
~~ is the total :m mr’be:’ of n o t i c e s .  The foom’ -~t of

the list is:

b-I :~ ( t - ’ -al n o n i - ~m ’ of v - a n t i c ’s :

mc , y, :, ~F5- .2  ~f ir :t  :-~m’tex

~~~ 5 : , 3F~~.2  ( s e c o n d  vertex

mc :~,, ~~ ~F.2 (~~~o’ v -o r~~e:-:

___________
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5 . 2 . 2  Faces

Each face of a planar—faced , solid object is a polygon.

The Program allows faces to have one or more holes in them , that is , to

contain antifaces. Therefore , to describe a face , a list -of vertices

defining the outer edges as well as lists def in ing any possi b le holes

or protrusion -s must be given. Each such list contains the indices ‘i’

of vertices as defined in 5.2.1. The direction in which vertices are

listed f-o r a f ace  is such that  the  i n t e r i o r  l ies always to  the  r ico:

relative to an observer  o u t s ide  of t he  o bj e c t .  For an ant i f ace , t h e

d i r e c t i o n .  is tak~ n so that  the  i n t e r i o r  lies to  the  l e f t . Each l is t  of

ve r t i ces  must  be closed ; i . e .,  the  f i rst  ver tex  mu s t  appear a l so  as t h e

last one . Sote that  all the ve r t i ces  and edges c-f a f a c e  (i s ,c l~~i inc

those of all its ar,tifaoes, if any ) must  lie in a p l ane .

There are N lists of vertices describing faces. Each l i s t

has a flag ‘ ifl ag ’ as its firs t entry . A vat-se -of ‘1’ indicates that

the list describes the edges of a face , a value -of ‘0’ indicates t o ot

the l i s t  describes edges  of an a n t i f a c e .  The oem-m t cot:’:: in  ‘m o -c  l i s t  is

nv ’ wn i c h  g ives  toe mrum be m ’ of c-cot  ices  in t h e  l i s t .  I~ owi rm -: ‘ nv ’

thea-c -ar -a the indices ‘ i ’  of the vertices. The f i r s t  index  is r-ap ’~ - i ’ m e  I

as t oe last one. Cot’s, that lists lescribioc antiface: need n :‘oll:w

t e _ i s~ ~eo~ .b in  ta~ c ’”’° b “ a e  ‘~~~ e~ ar

the l i s t  -of f a c e : .  The fo r -ma t  of t h i s  l i s t  i s :

_ 
‘-—‘- ~~~~~~~~~~~~~-

-
~~~~~~~~~~~~~~ - --- ~~~~-~~~~~~~~~~~~~ - - - - - - - -~~~~~~~~~~~~~ -- -- ---~~~



— 28 —

N 13 ( number of faces

iflag
1 

ow
1 

a b c 2013 ( f ir s t  face

iflag
2 

n.y
2 e b a 2013 (second face

iflag,~ nyC 
f g h 2013 (last face

:-Jote , that  f o r  a pa i r  of indices -of vertices ‘i j ‘ , toere

must be one and -only one pair

5 .3 Fo~~iat of ‘-‘antace P o i n t  S oec i f i c at i o n s

The tyPe of drawing to be ob ta ined  f r o m  a van tage  t a i n t  and the

coord ina t e s  of the v ar,tace ocin.t given in the o’c ~eot c o o r d i na t e  :‘rst em ’m

are desor :bed by T1?E, X~~, :~~, ~~ on a s:ngle card omace wh o c h  is read

witn format (lx , It , 5X , 3FlO.3) where

lOSES +1 o r t h o g r a p h i c  :-rc~~e ct i on ;  all l ines  dr awn

+2 o r t h o ~-o r a : h i c  :ro ,~ec ti rr ; hi Lien l ines  L o o k e d

+° - or t h o g r a n r o i c  pro ’ ectior .; o ral:: ‘,‘i:i’nle l ines  dr-own

— I t e r : n s s tiv -~ n r :~~-scn i  o n ;  all lin ’-~s

—2 serstective n ro b ectio nm h i d o a n  l i nes  L a s h e d

—3 cersnect:ve m o r— j -:-c -I on ; -nIp v sibl-s lone :

Xi~- , Y~~, ‘,~ are th e  >m , 5 to o. c o c ” d i n a t e s  of  t h e  -
- .t-~- - -~ roint

in t h e  object c o c r o i m : -~~e

The oro~ ections arid the : - -‘rin at ~o ::‘o’m-orm :: moo ~~ b:.’ th-~ m- -’ - m’o.”

d e s c r i b e d  in ,  A moperm -dix A.
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5. -a An Example of a Thta  File

A sample data file of a scene is l isted in F i g .  5.1. The scene

consists of three o b j e c t s :  a cube , a pyr amid and an oc t ahed ron .

Following the last object , two vantage po in t s  are specified. The

views obtained from these  van tage  po in ts  ar-a drawn in Fig . 5 . 2 — 3 .  

--‘ —-~~~~~~~~~~~~~~~~~~~~ * ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A SCENE 1.11TH THREE OF JECT S F l A M E’  ~
2 A CLIF~E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ * 4 - t o o W< k  a -~ -~o~~ -k ~:k4 ~ -k:~ 4~o~a erk o~ -k a ~ ~~&

8 VERTICES
10 00 — 10 00 — 1 0  00 llfl H I T~f lTTf l1 F~ i f t I r rn

10 .00  10.00  — 1 0 . 0 0  2 PT IIHT
— ‘ 1 0 ÷ 0 0  10.00  — 1 0 . 0 0  3 ~~Z , ’K ~‘ 1 i 1HT
— 1 0 . 0 0  — 1 0 . 0 0  — 1 0 . 0 0  -4 LEFT

10,00  — 1 0 . 0 0  10 ,0 0  5 TOF’ FRONT i rr r

10 ,00  10,00 1. 0 + 0 0  PIn HT
— :Lo ,oo 10.00 1 0+ 0 0  0-’ ~~~~~ i ;-rr;~~

-
~
’

— 10,00 — 1 0 . 0 0  10.00 8 FRI
6 FACES
1 5 i. i 6 2 1 Fa O NT FACE
1 5 2 6 7 3 2 R1r;HT F - I F
1 ‘3 5 8 7 6 5 TOP FAC E
1 5 1 4 8 5 1 LEFT F- a C E
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A

Figure 5 . 2  View of the scene f r o m  van tage  p o i n t  I
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6. THE CDC 6600 BATCH l -1?I~ -1ENTATI2C

In t h i s  s ec t ion  we desc r ibe  sys tem ::rams and data  ot o u c t u r e

mncd : : icat ions  wh~ on apply or~ y to tiie COO ~600 verscon -c-f the p r oororo .

A comolete cuide ext 1 a i n i ng  how to run ~DEA W on a 020 65cc a’-d -‘o w

modi fy  it fa r ‘ose on simnilar c:-r’aruter: is beino i ssued  as a User

Bulletin [ 5 ] .

6.1 Oe s c r iot i o n  of 020 SCOO 3c-steom ?:‘oorum :

in th i s  sec t ion  three  020 5500 systemi. :r:gram : ra : ui r e d

are described .

6.1.1 Subroutine SlOTS

Subrout ine  ?I CTS( I Ib -bIT , TEXT ) is -used  to i n it i a l i o e  the

mnO ot :cno c u t o u t .  Id is caned cefo-re soy :okeo ’ otott : : : — o--s1 som e,

lIMIT is the total length of a plot in im a t acco ’ in.  o h - o s ,  Th -:T is a Hol le : ’i :h

of ‘ip to ~0 c h a r -c at e r s  i d e n t i f y i n g  th e  u s e r .  F L I T S  is a t o r n  of

the 010 5600 2000? :lotting :ac-mage.

6.1.2 Subroutine P12-C

Subrou tine FIOT(O:, I, lop’:) is -
~~e :~

-
~~~ont:’ -: all tea’. nc -c-c —

macnt :, ca’o a e an o r ig in an-i.  t ar r a inat e  the case -of the  m:~ 

X -in- i l are coordinates ( i n  incoes) to a’hio;a the p-cm: is -n o r - i from in s

p resen t  p o s i t i o n  r e l at i v e  to  th ’a : a ’~’ren o r a c a n .  :os:. c a m: h a .- e t he se

va~ues :

1 ir-a w a I - she-I  l ine

2 -draw a s o l i d  l ine

3 mov” the tera in t h e  m . ro mo —o s itior :

— 32 —
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—1 , —2 , —3 the pen is nc -set as for  1, 2 and 3

respec ti-iely . lao addition toe f i n al

pos i t ion  of the  ten  X , Y )  becomes the

new orig in (0, 0 )

999 te rmina tes  the 0_ o t t i m a g  o u tp u t .

PLOT is a part of the SCOOP p l o t t i n g  t ackace .

6.1. 3 Subrout ine SEOOH D

Subrout ine  SE0001 (TIi~~ ) ren ar-os toe c amis ed ThU t i m e  ir~

seconds . 320C~ D is a part  of the  010 F’TN Fortran Library .

6 .2  Notes to the ThO 66Ct  lata Structure

The following notes attly tc- the ThO 5600 imotl~ nentanion of the

data structure :

1. The arooa ,’s on the data structure -c umommor , block : are IimenaY :m:

as follow :: 

20 (oLe ma:-m:romoon n-ucmmh-aa’ of ob ,~ect :)

MAXF 200 (the ma ccu:mm.ur: n-umber of faces) 

800 (toe mma ax imm a- im narit a :’ of e:oe: 2 )  

00 ( t : ~e maximum number of -:ar:ice: ~1

-t~X2 dl (the m oc-:imm~cma sloe of c-do-: inter oec ti on :‘ ack

T h i s  r e - a - i t o - c o the  fo l l owi ng OH fL-cIa: :

r e a u i r e - I  to  laa.I

n-rn 5t2O~~

OLe -c- :1:00 an-::

FIPAU r~ - nsm:  I 0 0 0 l_

- :or’ n HI -- ~:°mc 25500-

ovotema ‘ r ’-co : 10000-

~

-.--———--- 
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OLe -d imens ions  of arra’rs in c omm o n. blocks can be eas i ly  c h a ng e :

hr usinO the text editor ThAT and a comm-on deck c o n t a i n i m o - -al l

-o ocmsoon block stat ements. -

2. The f-oIl owing numbers were found to be good co op u t at i c o a l

tolerances SF31 , and EPS3: 2.1, 3.O~~. 1 . 05 — I l .

6. 3 Lx umole s

The Program was t e st ed  w :tn s-oenes -of o n e .  tv-c -sn ot t h r ee  a i r c r a f t

[Fig . 6.1—2]. Each a i r c ra f t  oor .sis :s  of  b- at 3 -v’ c er n i - c es .  320 f aces  a n d

5So edges.

The f-oil m’ino table cives meacory remmuirement s and -execution t in -os.

packed 000 v a r a c o n  t acks  i m a t - c o a r  da ta  in t o  - -O— b it- omanoc - - cor d s -as

in ~5].

Scene 
______ 

‘:noars-: d mnem:r’ S-co-:-: -i mer’cr~’ 0 i’oe nec

3 a i r c r a f t  2 10k l l f - :  11—25
2 a i r - c r a f t  150k OdI-: 0—1 5
1 a ir -c ra f t  110k 53k m i :

Ixoamirle [Fig. 5.1—3 ] 3 k  3 k  0. ‘l- .35 

- - -~~~~~- - ‘~~~~~ - - - - -
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7. THE ADAGE A GT — 3 0 I~ TERAC TI”E I~-1PL~~~ :;oAt’::H

‘.l Review of the Imp lementat ion

It was decided to implement the algorithm on an Adage 110-30

interactive graohics -computer. The hidden—line scenes are displayed

on a refresh SET terminal. Har d cop ies of the -drawing nay be m a d e  on

a dot m a t r i x  p l o t t e r  or on an i ncr em e n t a l  p l o t t e r .  The user oar,

i n t e r a c t  w i t h  the  proor am t hr o -~~h the  use of i n t e r a c t i v e or asn i - c o I

devices.  The Adage o’:omp-s er also- has a go- cd F :rtm ’-z: : 17 o c r o n i l a r

w n i c n  oroduces  e f f i ci e n t  co-i.e . and. an ea :y—t  c—os - : -  display t e x t  eiitcr.

A na~ or pr obl em en c o u n t er e d  in wr i t i n c  the  t r o cr a m  vu: the  l in a i t e :

tom-cunt of ava i lab le  m -~in c o n - - - me:nor :r . The A d a g e  ha : 1~~-: of 50 — b it  w o r m s

of core ma cmn - cr y,  of w h i c h  about  Ilk is -av a i la b l e  t o  the  - c o o n .  t was

d e c i d e d  to :aa,-:e the  t r o gr a m  e n t i r e l y  co n e  r~ slt-~ron for m i n i n m oum e x a c t —

t i -on t i m e . This is i m p o r t a n t  to facilitate iaone:’ :~c t i v e

The e n t i r e  m ata s t r u c tu r e  of the pro-o nto : i s  s t or e - I  in

c-omonic n b l o c k s  and d i v i d e - i  i n t o  two tarts: ran t ace—: : i m :  — i m :  m c : - -

dat a and r a n t a c e — t o i n t — - L e o e n d e a o t  m a c - c . The o’-o o :toa e— r  o i n t —

da ta  is st or e - I i n  ‘ or-s e ba :’f-crn -of the Adage op-craning syste’~ 
cg.~

T .

She to :r -oe buffers -are available to the ss~’ -:n “h e  c -mop ~a’ I -a-

terfo -rmn tow iiSri , 0 - a mos - o n  m o m ’ i n t e a - / p l c t t - e r :- ‘ -o c :e : ’-c t i : r . s.  Th i s  s-a ’.-s-~

tb-out 2k -of - coer -acre ri:” - y. -~n o t h e r  sac- i :-; of -~o ,t  1.2k of in’-:::

was mace oy s:mt1~ he gra~ ’-, :cs t n o c - ~ios : r  ~oA~a’, a n t - a v : m u c : - o m :

w h i ’ h  misolay: ‘n iy ’ w — : i - o e n o i - c n a l  ‘ - --~~‘ on l i st s  ace :  - ‘ ‘ :‘~ m o . -

i OR-os  -~xc - ° - - t  f :  a’ soal in- c.

L - - -~~~~~~----- - -- -
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The vantage—point  coord ina te:  are computed from samp le d  values  of

e i ther  the j o y s t i c k  or three va r i ab le—cont ro l  d ia ls .  An object des— .

cript ion , called a model , is permanently stored in a disk file arm :
I

entered into the program by a keyboard command . This allows the user

to specify interactively a scene and a vantage point . A complete

guide to running ?DPAW on an Adage computer is available in the fo rm

of a User ~i1letin [6] .

7.2 Execution Time

The execution time of hidden—line removal  increases with the

complexity of the scene. For a simple scene , consistin; of a si r ag e

convex polyhedron , the  execu t i on  t i m e , i n c lu d in g  the  t ime spent

re f resh ing  the OFT , is about 50 rns. A no-del of a cube can ~f o 1 I  v ’

movements  of the j o y s t i c k  in “ real ” t in e . F o r  roe -re c omn p l i  c a t e d  scene:

the execution time increases to severa l  s e c o n d s - . ifl -c r i -e o ’  t: avoid a

b lank OFT screen , daring hidden—line cormipu ” -~“i-:n: the coo p ot hu ff- n:

f o r  d i sp lay  l i s t s  were p a r t i t i o n e d  i n t o  o w-c t a r t s .  %lnile l i s t s  ii: one

tart are being i i sn laye-J , the  p rog r am ~on r a t ’~o os-v d i : : l --g- l i s t s  in t o

the  o the r  can t  of the  disala ’r b u f f e r s .  cner - t h e  ion o;:’-cn fin is-:-a nl-,e

r-:an c ’,’al cal- c ’cl at i  on : , t he  l i s t l a y  p r o c es s o r  is sw at  Thed to  a l o m o _ -ty  t he

new lists.

•1

J e s c r ’ t n m o i - -r c ’ In  ‘‘ - ‘ c t i ’ r - ~ SOFA S Sr~ - :’- mas

Sn-conan P11-AS

The main or cmi in  the  inn - -- n- c ’ive “cnn on ts ::id’o ~i

ent  f ru m  the main  r r u - r a m n  in the t -a ’ch ; - - r 1 r i . I L L :  r o n r -on  s ar -i l es

the fcano ti: n ow it -chec - n d  S” -an -cn-o ~ to o’’inioar se-o ’~ nu’

~

- -- -_- - - - - - ----- - - - -_ - ~~~~ —~~~-



- 39 -

depression of one of them . It also samples the v a r i a b l e  c o n t r o l  dials

and the joystick and computes the coord inates of t h e  van tage  to- m t f r o n t

their values. PDRAW includes two image subprograms , PIOTUPEI ar,d

PICTURE2 , which a l ternate  in displaying two sets of image l i s t s .  FARAS

starts the modified display processor  FOPAF E by a OI3P~~~Y s t a t ement  and

stops it by a cal l to OHALT which  is an entr:.- po in t  int o t he  d i s p l a y

processor .

7 .3 . 2  Function ALINE

ALINE is a real j u n c t i o n  w h i c h  r e t u r n s  as i t s  va lue  the

y—~~~is intersect ion of an edge. I t  also r e t u r n s  the s lon e  of the  c -do e.

AL INE is called twice  by TES- T to help in d et e r m i n i n g  the  ir . t -~r : - so t i cn

of two edges.  In the  batch CDC 6600 ve r s i o n , t h i s  :‘ :n o t i o n  is

inserted in—line in function IT ST ; in t h i s  v e r si o n  c-f t oe mo ro onaco it

is made in to  an external  f u n c t i o n  in c-rIco’ to save co-r e -

-
~ ‘ - --, -,- -~ ‘~ -\Q ” 0.

~~~
. , ~~~~~~~~~ ~~~o-

This  is a real function which return: the m a g n i t u d e  of  t o e

cr os :— t r - cduct  of t w o  th ree—d im e : :s ion a l  v e c t o r s . i s  c alI co  f ;cm

1-o cati ons in function I~ TE53 . The reason : for making FC-2S into an

-ex te rna l  fu n c t i o n  are the  s -comi c as thc :e f r  m a r c - m o o  ~I’~l.

~.3. 3 :brciotine

Th i s  s~m h r a m t i n e  is  ca lled  in the  1 m m :  -s r ’ a ’t  iv~- :-- -‘ oioro v- -a’

calls  t:- aib ro- u tine PlOT to m r - t v  a n’ s -c t - n  ar-c mnn i- ~ in ca ’ s -  b - i t c h  o- ’n n io r : .

O~ o’~ ‘- the r -~ a’~ a -~~‘r~~- ~~.‘

i s bie 

1~~ e

- -----—- — - 
- — -  - -
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7. lescript ion of Interactive System Procr om s

In this section three interactive ystem t r o o r a mo r e - co in ed  to run

POPAW on an ADAGE AGT— 30 computer are described.

T . 1-~.l Pro gram XGFAFX

This program is a s imnl i f i e- I  vers ion  -of the graphical

cessor GPAFX . XGPAFX disr lays  only  l i s t s  -of t w o — d i m e n s i o n a l  v e c t o r s  and ,

excet: for  s~~-a lin g ,  does not terform any image t r a n s f or m a t i o n s .  These

s imp l i f ica t i o n s  save about 1.2k of user  main  m emory .  The ii ::log- ta ’-

cessor has an en t ry  po in t  NEAL? which s top s  the  iL sp lan ’ of an i:na;’o-.

It is called before a call to NFUTM to  stop the d isslay  wn i ’c- l l’OIN is

reading from a d i s k .

7.~~.2 P r o gr a m  XP TJNOHX

This Program cunches the curn-onoly -iistlaye-d imaoe in a

special format -on paper tate ‘ri -a the fast pacer ta te  oun-ch . The race:’

nate  th en  nay be used t o  tI -o t the  image on  arm i n o r e m a ’-’rac - c l i: - -i ’ a l

r i o tt e r  c o n n e c t e d  to  a FlS —- ° c omp u te r . The 515_ a pl o tnin ~’ r r - - - r -a’: is

-. ~ 
- ‘ ~~ m o ’

.~.. o  o o a : o : t o o r  ’

This funo’o in: macnsa:”:: clap s-c : -cx- - ’ ‘a: time. Them’ s - - r e

tw c s - t t m ’ v  mo - - Thts  in  T~~-~ES - c a l l s -  a O Thyl an:

7 . 5  The D a t a  Stru:tur-c

7.5.1. Ocmnmo r ,  P l c - a k

This c ommon block , t o ’  I n I p  in ” he -I :- o - - in ’ -‘r - ~r ’ we

rn on, oon ” otin : list: of all the ‘,‘ t 3~~~
’
C t - C  an-i h i d  i - -n ‘c-c -c: -m ’s -- :o 0 - - :

by ‘ne mo r - cgr-un . Those ii::: am’ -- tam a f- - mn - tm - a d ~~ab-l - ~ :‘ - r o -  - .

--- -

~

- - --- -~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~- - - “- - -  
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on the Adage CRT by the modified display processor XGRAFX.

IVIPNT is a pointer to the next available location

in a list of vis ible v e c t o r s .

IHIPNT is a pointer to the next available 1:-cation

in a list of hi dden -rectors.

These two pointers are initialized by pro gr am POPAW

and incremented in subrout ine  VECTOR .

Iv:sIBLE (~oA:c~’I) is an array containing two lists of

v i s ib le  ‘ rectors .

HIOOEN (~IA1CiI) is an array c : nt a i n in g  tw o l i s t s  of

hidden v e c t o r s .

Arrays  IVISIE LE amid I H I P O E N  are each p — o ’ t i t i c r m s - d in _ c

two p a r t s ;  voile lists in one part of t oe  arm’s:::

are being displayed , the trooram -c ompu tes new

lists into the other cart of the arrays tmoen

swi tche s  toe d i s tl a y  t o  t hese  new l i s t S .  :he

v i sib l e  ‘sectors are d i st - l ayed  ci: s oI l :  l i ne s , :,mie

ni a-len vectors can be d i st l ay el  as d a sh e d  line : .

5 . 2  N o t e s  ‘ao toe  a~Iao:a Sa t - - a S t a ’ u c n  a re

The f lI :’~- r.g n o n - c :  an t I ’ .’ t o  t oo-S A d a c e  1ST— 30 im c:I em em :” -t ’ a

1. The arr ays - hao - ’ n i h - ~~: -.mm~~t::i: ar t w o i c : :  c - m a t a :o

Point le1ender~,t l of  n’--.- ’ ion -are n ot i:: ” : three c ron a

b l o c k :  ~-~T N P ~~~~I T . 0’ 
~~~~~~~~~~~~~~~ , -so: ‘- ‘ ‘ P- ’~~ TO:S 3.

c - : m r n o r r  ‘o l : c - m s are  so n- ’ 1 i r ,  n - ” - o- -- c’~-:a’lan’ I ~f :- a’: or ’

t he  e a -a- - -- ~~‘-- r’-tti ::g sy s tem . To v t .  ‘ ot -y

Sr:ace v i ’  h 1 0 v- a :’ - -s , :  ~~
- ‘

~
- - - - - “ ar.-—

- :1-’ . 

- -- -~~~ - - - -------—-— ~~ - -- - — -  - - -- ~~~~~ ~~~~~~
- -

~~~~~~
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2. The arrays in the data structure comm or. blocks

are dimensioned as follows :

2-0 (maximum number of oh.~ects)

MAX~’ 50 (maximum number of f a c e s)

MATE 200 (maximum number of edges * 2)

50 (m aximum number of ve r t ic e s  + I )

MATS 20 (maximum s i z e  of edge inter-

s e c t i o n  s t ack

MAXV I . . .  300 (maximum s i z e  cf ‘risible v e c t o r

disolap lists)

200 çm:axizmum size of hidden v e c t or

listlay lists)

5 .  The out routine TPXIO :ca es Iowa: al vertices in the

pm ‘t:re tlane (-arr ay “1:) to (+1 ,_I) scuare in

r :er  ‘o nma ~se them :uit al l -s f-o r d i s p l ay  on tIC Alan- :

ISO . The r o i n t  at “ i m : f i n i t - ” s t o r e d  in

an-i ‘ J I I I A C ’ ,2 )  i s  set  to- ( 1.1 , 1 .1) .

t c _ C m ’ t n C O Z  10 0:: ~~~~~~ -so :

i n ::“-_mon b loc k P-~TbO-t3 an-’ set t o  0 . 1.. 0. T I

1.000005, - ‘ ‘— 1- at

5. 2 - IAO in  m ona-i c r, b -co 1- 0 :O ’’O is s-’t to 1.0 bu ’ n - -n

in  t h i s  v er s i  o n .

6. :A:H:P in  c n:r- on - ‘ - FA - Ol t ’  i s  - o : - - m  ral y in

main crogn’ama.
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8. CONCLUSION

A program implementing the Loutrel  h idden - l i ne  a lgo r i t h m  has been

written and tested on a CDC 6600 in a ba tch  v e r s i o n  and on an A dage

AGT—30 in an interactive version . The Program W~ S ex tensi ’rely tested

on both contaters  which , however , does not guaran tee  toe absence  of

any remaining b u g s .

Some of t he  impro - ,’ements and e x t e n s i o n s  w h i c h  a-may be male t o  the

trogr am are the  f o l l o w i n g .

In an im t l em e nt a t i o n  of toe i n ter a c t iv e  v e r s i o n  of r oe  tr:o:’-co’: c- ri

a c omputer  w i t h  a l a rge r  main  om ien m or l o fu r t h e r  ima t ro - :em m ie n n :  a-ma :: be :‘m -°.de

to the  a l g o r i th m  as suogest ed  in [ I ]  . The t r o t  Thm cc r:i  lea’s - i  i s :  g i - : s -m m

a scene  and a - :antaoe m int  wh ich  ama -owes -a roun d  in  on a t r a .~ec - :r:-- ,

is root n-e-ce300try to at t l y  the e n t i r e  alo::’ ittam to  Ca - cm.  f r o o m as- ,

we v o  m l :  t ake - - acd ’:ant-aoe of t he  s im i l a r i t i e s  bs- n om-o en s- :oces.’o i’:e f:”u -m-:: .

n-:’e , that the scenes in F ig .  3.1 and  Fig .  3 .2  are t o r o l o : i  o a l ly

That 1:, each  f ace  h -as toe  ::a—: - :isiti l i t ’-- and cac ao e m - c e

ma-as tOe sam e int sa’s e -c ti on : w it -m o the r  -edges- in both sos-mos s. lOts-

s -acne: . c-c - -:-:’ • oar s not ecuival-ont genre - r i  c-o ly. - bn aimi the scen e

in Fig . 5.2 oeed no r:o-o nmao-:o-c the  - O t c ’ o - ’--  ‘- l a m e  :oom ’::n-ates of -ill

o -i-rt i -ces an d  e i sme d: :c ca ’ .:s-st i :n :  fm a ”a Yi ’ . .1. lOm-~~’.’i-s w :- :’ ’ :’-:- , oae r :e

i n  F i r .  8.5 is not t cmo- o logi ca l l~.’ e:a io ’ -s l - oam ’ to he w i - m w :  o f ‘ - sa-’oe 

-
— , , , , ‘5 . . , , — ‘ - , - . • C, -- - , A “ — — - , , ,  I — , , , - . . - , ,.

v , m s I ’ - o i f i c - -a ’ ’l’ ~~~~~~ ‘he -:xe-c o ’ i  ‘ ‘ t nt- ’  f i a ’  m a -’ ’ :‘ 

b’s co-s- i 1n -an i - ’ er -t c ti:’e o’-om ’ m~t -
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Figure 8.1 S ir st  v iew  of  a scen e  of two ch e s t s

Fiou:’e 3 .2  Second  v iew of a scene c-f t v-c oh ~~ec t s

FI - ’o:’ -- 5 . 3  T ’ h i r d  vd - -’~ a- um ’ ‘w b~~’ -c ’:

-‘- -- - - - - -
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Other  introvement s may in c lude  the  sh a d i ng  of su r f ac~~s and d r a w i n g

the sc-a--es on gray—level d i st l ay  dev ices .  Ttoe trog r ao mm cou ld  be

extended to ails-v a vantage Po in t  to be “ ins ide ” a sce ne , that is

inside an object or between ch .~e-ct s .

In other imp lemen ta t ions  -of t h i s  program , subrou t ines  SETtlE , N?UTX

and EREC OM may ‘ce male into overlays , which would save st ace  f o r  t he

data  s t r u c t u r e .

_ _
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Append ix A

THREE—IlO~~1SIT:;A: TRA:LPECF~1AT:C N AA1 FR l,lE1’TI I

We describe here the transformation fr-cm a t h r e e — - d i m e n o c  nab

coordinate system to a two— -d imens iona l  p i c t u r e  p l ane  coord in a te

system as veI l  as the two mr o f e c t i - on s  u sed by t h e  p :’ooraso .

Xe -define rh - s  f o l l o w i n g  r ec t anoular  - c o o r d i n a t e  sy s t ems

[F i g .  A . l~~:

- . The c-b c-cot  -c o o rd in a t e  sys tem (x ,y , :) in vai ch  ~ v e r t i c es

of all objec t s as well  as all -ran t -age  ma- ia::: are define-ct . The vert ex

c o - o rd in a t e s  ar-c ente ra - -d  in the pro or am f r o m  m t-u t oa:a files. The

coordinates of a van ta ge t e imo t s p e c i f i ed  5’: ~ (x ,y , z ) are- 0 0 0  -

f r o m samp led w a l  me: of e i t i :e r  th~ t-oy::icIm or v a r i a b l e — c - : o t r o l

The -obj e-o t -coord ina t e s :’snem is a n i o a m h t — h o a m :  l e t  oy s te r , ,

2.  The v an t a g e— P o i n t  - c o o r d in a t e  ~o- :t ermi (x ’ ,y ’ .: ‘ is  a l e f t -

handed sy stem wi th  - o m ’i p i m :  at to-s v-inta :e to j ot  . The am ’ e x i s  os- so  a .

Q ( x  ,v a- ) t h r o ugh  the  O r a t o r :  -of th e  ( x , o , :) :vs ’oem . -a r,I ‘o :,e ac -ss~1s is
o ’o 0 - - -

‘cara l lel  to the  x— l .’ p l a n e  of the  (x , o , o :b. act :oo m - :ir ,a-e sr otoomm .

3. The p i c t u r e  p l a n e  -o -:- r l i n a ’ o e  sy s tem :  ( x  , :o a: a

- I im e:a : i cn a l  c cm ’ l i n a t - s  : :o t s r a -  vo: se aa~e: l i e  in a olane That is  :~a’m em: —

itcul:La’ to ‘to-’- z’ -ax:: coot goes th m’ - The o : ’ i - i m o  -of t he  ( m m ,

a ar oma - l ie s  on  tri - m — :- ma am o-s a m  ‘ n e  :-: .~~ 
, ,

n tb- s r - ’ a- r - a m , ‘am ’s -- a ’ m - a n e s  c m ’ ‘ -c c -b- ’ -~ ’o, m’ o’:’ - - r’- ~~~~~~~ ‘o r--

in a rr -c y ,a- - lo, ’ s- c o - o r : . ’ - : ’ a : t - ’-’ v - mm: ’ - - — - 
~~m ’ :. 

( 1  ~~~~ -. I ’
~ . ,~~ ,~~~~~~~~~~~~ , ‘ _, ,, , , .  ‘- -c~~~~

- -  ‘— , -  ,-
~~
, — -~~~~~ -_ — V - - 

~~~~~~~~~ / ‘- - 
‘

- - ‘ — t _ , _  . — ‘ • - - ‘ 
i _  - . —  - . -• ‘  - 
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to speed up computations during hidlen—line removal in function TNTEPP’.

Coordinates -of the picture—plane coordinate system (x” ,y” )  are s t o r e d

in array V2D . They are used for displ ay as weLl as in computing else

intersections .

The transformat ion from the object system (x ,y , z )  to the  van tage

point system ~x ’ ,y ’ , z ’)  consis ts  of the f-o il -owing f o u r  s teps :

I .  Mar ~ (x , y , z )  in to  the  or igin  of the (x ’ ,y ’ ,z ’)  syst ~~~:

0 0

o 1 0

T
1 = 

H I

0 0 0 1

2. Pearray-m c-e the axes in t o - a left—ham:: i’s-ct coord ina t e s:r stem

[ F ig .  3 . 2 ] :

0
2 = 

-
~~~

3. R o t a te  a b o u t  t a m e  v ’ axis  Sw -u :-: l~: :t [ F ig .  A . ~ :

-a a

x ’- + y c-o s a = ‘r ,‘ i sir :  = x / - m
0 -5 a0 -J

_ _  __ —----———‘
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Fi~core A . 2  I n i t i al  p o s i t i o n  of  (x ,y , :) an: (m m ’ ,~: ‘ , : ‘ )
- c oo r d i n a t e  O m y s t e m a m ma .

/ N 
/ 

_zT1~~
,
~
’

am m a ,’ ti me 
~

- ‘ - a x i s  ~v - a ng ,

L ~~~~--- -- - - - -- -- -—- -~~~~~~~~~~~~~~~~ -~~~ - - —-~~~
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y / d  0 —x /d 0
o 0

o 1 0 0

T =
x / d  0 y / d  0

o 0

o 0 0 1

ic , Rotat e about the x ’ axis by ang e ~ [F ic .  A . L ] :

2 2 2 - , —
0 x  +~~ + z  cos3 o/D s1n~~~~~ z

0 0 0 3

1 0 0 0

o dID z / D  0

T~ = 

0 —z /D d ,-’D 0 -

o a a
-

The four m a t r i c e s  -ca m. be ‘a m o t l t i p i i e i  i n t o  a s i ng l e  to-ar,::’ - m r - n —

t i -on  matrix: I = T
1 

0
2 

0 . T

X e -obtain:

x !l -y ‘ d x -
- 
1 0 a

0 0 1

- p ’ — x : -ID —y s /-lI a T -  O~ y -

= 
0 0  0 0

— a - I  - i - I  — o H  0

H 0 0 3
L -~

- 
- 

~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
---

~~~~~~~~ 
-
~~~~~~ _ _ _ _ _ _ _
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Fig-ore ct, b S t a t i  am : at a-’ the a ’ axis by - am a- Ic  S. 
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The transformation from the vantage—point coordinate systen

(x’ ,y’ ,z’) to the picture—plane coordinate system (x ” ,y ”)  de ;enis  cm :

the projection system that is selected :

1. Perspective projection :

In this projection we have to tranoforom using these

two equations [Fig. A.5]:

= Dx ’/z ’

= Dy t / z ’

2.  Orthographic p r o j e c t i o n :

In this  p r o j e c t i o n  we do not d iv ide  by the  d et t n  -of c oach  t - o H m : .

The equations are [F ig .  A . f5~~:

= a ,

= 

- -~~~~ - -- ~~~~~-
rn

~~~~~~~~~~~ - - -  -- -— -
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‘/ !  (x .:-~ ,
:

~~ 

1 0

~~~~~ 
‘:‘(~~ ‘ ,y~~) I
- - - 

I

,: )
0 0

2

0 .

Fi mromm’e A.  5 Peo’ maoe:otlv- ’- 

— -

I-
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