METHOD FOR THREE- DI MENSI ONAL CLI P CHECKI NG FOR COVPUTER GRAPHI CS.
BACKGROUND OF THE | NVENTI ON 5 1. FI ELD OF THE | NVENTI ON : The present
invention relates to nethods for displaying graphic information. In g
particular, the present invention relates to nethods gzgéqagzqg hree €
di nensi onal images for display on a two di nensional catho ray tube 10

di splay. 2. ART BACKGROUND: 15 One of the nost common and
nat ural means of communicating with a conputer is through graphic
representations of data displayed on a <athode ray tube (CRT) display.
Humans interact readily in ternms of inages, and a person is able to absorb
or mani pul at e i nf gev@p irom TRRESEIMEREIONAM @ IV iCHEGKING ODA EMtruRtiCirabagEer than if
it is represented sinply by text. Over the past two 20 decades, a variety
of conputer graphic systens have been devel oped to display objects as two
and three dinensional inmages on what is, b deflnltlon a two di nensi onal
CRT di splay screen. Conput eRafeRSbiaiietiid Sl pEdent data, real or

i magi ned obj ects, and nay synthesi ze conblnatlons of inages into scenes and
pictures. In addition, conputer generated graphics 25 provi de an
excel l ent nmeans to visualize time varying phenonena such as the deflection

of an aircraft wing_in supersonic flight, or the devel opnent of a gal axy
over time i/ i rﬁ‘erg@ﬂﬁmﬁuﬂgﬁ@

The present invention relates to methods for displaying graphic

SO information. In particular, the present invention relates to methods for clipping

three dimensional images for display on a two dimensional cathode ray tube

- 10 display.

2.  ART BACKGROUND:

15 One of the most common and natural means of communicating
with a computer is through graphic representations of data displayed on a
cathode ray tube (CRT) display. Humans interact readily in terms of images,

N and a person is able to absorb or manipulate infermation presented in a visual
' context much faster than if it is represented simply by text. Over the past two (

20 decades, a variety of computer graphic systems have been developed to
display objects as two and three dimensional images on what is, by definition,
a two dimensional CRT display screen. Computer generated images may
represent data, real or imagihed objects, and may synthesize combinations of
images into scenes and pictures. In addition, computer generated graphics

25 provide an excellent means to visualize time varying phenomena such as the
deflection of an aircraft wing in supersonic flight, or the development of a

galaxy over time in intergalactic space.



One. of t-he host chal | enging uses of a conputer display systemis the
generation, manipul ation and di splay of three di mensional objects portrayed
on the two di mensional display screen. Each point conprising an object in

t hreé di nensi onal space is described by X Y, Z and Wcoordi nates. 5 See, -
J. .D. Foley. A Van Dam Fundanmentals of Interactive Conputer G aphics",
(\Addi son Wesley, July 1984). It is well known that objects described with
~reference to X, Y. Z and Wcoordi nates nmust be transforned to different

" view ng. paraneters on the display. A point conprising an.i mage nust be
transforned froma world coordinate systemof X, Y, Zinto a view reference
10 coordinate systemwhich has its origig fixed at the view point of the
user, and its Z axis pointed in the direction of the dis Ié@hscreen.

Typical ly, the world coor@neatthe most challesaing ureoRICIrRRIEST ditPlandYSiama s ng

transforms prior, to being cli . A DeLsnect. i\ e J.5 then
conpl eted whi ch 'ﬂP&?@g"#‘ﬁ@ Wﬂ@g@gm{noa@g&%ﬁg%%%ge@ #'}r@te gagﬁé}?gécﬁsg. pyram d".
The vi ew ref er engsnapad 6h fhdltho dimesaisriat BispRY scigef! Eaoh poinDeomprisirigian ed t o
be the coordinate system after the nodeling and view ng transforns have

been acconpl i sheobje® in shree dimertsianatspeicq ie desasived bk X Yo &and Y pordinatenver t

points in the wogld ordi na S m, ) : : di nat e
system for di §p| ‘E‘ﬁif@eﬂ%m& o'h'ﬁdgmgﬂt !fa%ﬁttggﬁ%g‘?%ﬁswﬁ erract ive
Conmput er G aphi Cgraphidye, adiisbh WesiedOduly 1888) - it isavetmeiownahitabjéde poi nt s

conprising the image have been transfornmed by the nodeling and view n
t r ansf or mat i ons, deseribed ithwefetepneto X! Y phRnG rdipateg, ¢ trapgfarmeed tonsur e

t hat objects d [ cceed th ' o im . '
Compr | aes_ - vi owPigrasy FiEving ReerRgR dr BF Ysplal! Spdt Ryt n e KL BT
coordinate spacepyiyahfofmi& ¥t éWorld coordinate system of X, Y, Z into & view reference

10 coordinate system Which has its origin fixed at the view point of the user, and its

Z axis pointed in the direction of the display screen. “Typically, thé world
_ coordi.nates-are passed through modeling and viewing transforms prior to being
clipped. A perspectivé divide step is then compleled which places the images
to be displayed into a "viewing jayrarﬁid". The view reference coordinate
15 = system may, therefore, be considered to be the coordinate system after the
modeling and viewing iransforrhs have been 'aoéomp_lished. A varieiy of |
techniques have been developqd to converl points in the world coordinate
system to the view reference coordinate system for display. See, Newman,
Sproull, ."Fundamental_s of Interactive Computer Graphics®, (McGraw-Hill,
20 1979). | |
- However, after the points comprising the image have been
tranéiormed_by the modeling and viewing transformations, three dimensional
clipping must be accomplished to insure that objects do not exceed the
prescribed limits of the \}iew. The view port comprises a viewing pyramid
25 defining that portion of the view reference coordinate space which the viewer
can actually.see on the display. Historically, certain types of objects have

presented problems during three dimensional clipping. Examples of problem



can actually see on the display. Historically, certain types of objects
have presented probl ems during three di nensional clipping. Exanpl es of
problem. -3- areas include curves, lines which intersect an W0 space, :or
obj ects which intersect one of the cllpplng pl anes whi ch define the V|emrﬂb
pyranmid in-the view reference coordinate system A nunber of methods have
been devel oped for cl i ppi ng hompbgeneous coordinates, including the method. 5
described by Blinn in Cipping Using Honbgeneous Cbordlnates Conmput er

" Gaphics, Vol. 12, No. 3, August 1978. The probl em of cllpplng certain _
types of three. dlnen5|onal i mges has r;sulted i n degraded display system
performance and efficiency. As wll. be described, the present invention

provi des a met e _ I hr ee
di nensi onal %gf E"g:hugrgdé‘r’ryf '}%edvg& s}gn%%gmtag \E’QS}P ?aygéﬁe%}’én@ﬂcgl ng.
-curves, di scoruhwasb'wané bﬂmesdiﬁﬁiﬁgfp&‘aneﬁ&rhmweﬂﬂé tiig viewingpyramidhn el ppi ng to
achi eve proper per 'gectl ve Vi ews. -4- M\/ARY OF THE | NVENTI ON A net hod

for clip checkviey refarense gpaiingiesksterobAdiumber of mgihogs Agvekeen conput er
di spI ay syst eng vsélo%'eﬁ%P&%gmgmﬁnocgeﬁ%&y co%¥&£58& iﬂ&bd’iﬂ& 7heamethod

5 descnbed by B]mn in "Clipping Usmg Ho,moge_neous Coordinates”™, Computer
Graphics, Vol. 12, No. 3, August 1978. ' '
The problem of clipping certain types of three dlmensnonal images

has resulted in degraded dnsplay system performance and eﬁncnency As will
be described, the pr__esent invention provides a method for defining chppmg

10 planes and achieving three dimensional clipping for any type of image to be
displayed, including curves, d_iscoht_i_nuods' line segments, as well as front and

back clipping to achieve properberspective views.



5 :conput er having a central processi ng unlt(CPU) coupled to a nmenory and a
cat hode ray tube (CRT) display. The nethod of the present invention
|ncl\ges inputting a plurality of points conprising an object to be

di splayed, wherein each of the points is described by XY,Z and Wworld
coordi nates. The points are stored in the menory coupled to.the CPU. The
CPU executes a viewing 10 algorithmwhich transforms the world coordinates
for each point into vi ew ref erence coordi nat es. The view reference

coordi nates have an origin at the viewpoint of the user, with the Z axis
poi'nted outward in the direction of the digplay screen. Each of the points
of the object are described by clipping bits X- nght X Left, Y Top, Y
Bottom Z Back, and Z Front. | r 8ke di nate system of

t he present ‘invention permts e user to selectrvely enabl e/ di sabl e
clipping quadrants in X Y, Z and VVspace The present invention determ nes
the value of the clippi n%blts for all of the points vertlces) conpri si ng

the i mage. Using a predeff methodidprglipiehegidng thy G'@?ﬂ!‘ém ?'fﬂplﬁﬁ*%ﬁ%ﬁlsmaﬂvent i.on.
eval uates the cl f si bl e,
hi dden, or if i td pg%&g%'géé‘gsg{w %gésnﬁ%?#e C °:dp3fhﬁgd'%mf‘§g‘°f‘ﬁ ge%\b/ent t hat

t he Obj ect i g ccwpipeteelhnvuhg dd:entralrmocdsbmg@ucm.a&oumd ltceama“m@ry and at he
di splay. Conversely, if the g is fully visible then:the entire inage

i s rendered and S3thoge saxtybe K‘F\'ijh@sP'Iﬁ&gEh? Atethogdnt the present dnventioninslyges ed
clipping plane, ﬁﬂlﬁr‘hgté‘ﬁlv\ﬁu @??oﬂ%r@?rng O#’E j‘é@f’bfoq}&’d@ﬁla %Ffe':d ppi ng

algorithns to det'ermne | ect e and
proceeds to di srdaey obtheypainis Is desenllﬁédabpnr\t Zmnd Wdebdﬁbﬂteﬁ Tmpqmtesent

i nvention provides an efficient neans fo
are stored in the memory coupled to the CPU. The CPU executes a viewing
10 algorithm which transforms the world coordinates for each point into view
reference coordinates. The view ref_erence coordinates have an origin at the
viewpoint of the user, with the Z axis pointed outward in the direciion of the
display screen. Each of the points of the object are described by clipping bits
X Right, X Left, Y Top, Y Bottom, Z Back, and Z Front. The view reference
15 coordinate system of the present invention permits the user to sel.ecti\)'ely
enable/disable clipping quadrants in X,Y,Z and W space The present -
" invention determines the value of the clipping bits for all of the points (vertices)
.compnsmg the image. Using a predefmed IFIT HEN logic sequence, the
\ S preseni invention evaluates the clipping bits and determines if _the' object is
20 visible, hidden, or if it intersects at least one clipping plane. In the event that
the object is completely hidden then the CPU does not render it on the display.
Conversely, if the object is fully visible then the entire image is rendered and
_ dlsplayed. If the image intersects at least one enabled clipping plane, then the
CPU executes one of a variety of known clipping algorithms to determine what
25 portion of the object is visible and proceeds to dusplay only such visible

portion.. The method of the present invention provides an efficient means for



.determining if a three dinensional object is to be displayed on a conmputer
di spl ay-system -6- BRI EF DESCRI PTI ON OF THE DRAW NGS FI GURE 1° .
i'llustrates a conputer display systemincorporating 5 the teachings of -{he
present invention and an exanple of a viewing pyramd. FIGURE 2 is a o
graphical illustration of a prior art three dinensional clipping technique.
10 FIGURE 3 graphically illustrates the prior art technique of Figure 2
with respect to clipping a line segnent crossing the Z axis. 15 FIGURE 4
illustrates an inmage crossing the Z = 0, W=0 axis which is entirely
di sposed within a clipping plane. 20 _ FI GURES 5a-5h illustrate
- the present invention's selective enald Fng/di sabling of clipping planes.
FIGURE 6 illustrates.t! € 201 ShRBSis Wh bb by oh laccoAiputgir esent
invention to ?%W'H@iﬁi% &gﬁl&g\gﬁﬁpéa@g%peﬁsg Eg dgs?ﬁgbj ect g‘? vi si bl e,
hidden or if a§ishapsystemre of the points intersect a clipping plane.



-7-- FI GURE 7 |IIustrates t he present i nvention's use of sel ectively enabl ed
clipping. pl anes to determine if an object is disposed entirely within the
clpo¢ng pl ane, t hereby obviating the need for execution of a clipping
algorithm 5 FIGURE 8 is a further exanple of the present invention's
method for clipping three dinensional inmages. 10 FIGURE 9 illustrates the

| F/ THEN/ ELSE | ogi cal sequence of steps executed by the present invention to
determ ne the value of the clipping bits,. 15 FIGURE 10 illustrates the

| F/ THEN | ogi ¢ sequence of the present.inventlon to determine if an image is
hi dden, visible, or if it intersects at |east_one clipping plane.

-NbTATICN AND NOVENCLATURE The detalled descr|$r|ons which follow are
presented largely in ternsgg : . : | DRAMENGS ent at i ons of
operations of data bits 5 mnthln a conputer menory. These al gorithmc
descriptions and representations.are the neans used by those skilled in the
data processing arts to nost effectively convey the substance of their work
to others skilled in the art. An algorithmis here, and generally,

-conceived to be a self  FIGURE 1 illustrates a computer display system incorporating

5 the teachings of the present invention and an example of a viewing pyramid.

FIGURE 2 is a graphical illustration of a prior art three

- . .
dimensional clipping technique.
10
FIGURE 3 graphically illustrates the prior art technique of
Figure 2 with respect to clipping a line segment crossing the Z axis.
15 _
FIGURE 4 illustrates an image croési_ng the Z=0, W= 0 axis
which is entirely disposed within a clipping plane. . |
— |
20 FIGURES S5a-5h illustrate the present invention's selective

. enabling/disabling of clipping planes.

. FIGURE 6 illustrates the sequence of steps utilized by the
25 present invention to determine if all points comprising an object are visible,

hidden or if at least some of the points intersect a clipping plane.



;con5|stent sequence of steps Ieadlng to a de5|red result. These steps are

t hose 10 requiring physi cal mani pul ati ons of physi cal quantities. *Usual |y,
t-hough not necessarily, these quantities take the formof electrical or i
magnetic signals capabl e of being stored, transferred, conbined, conpareb’
and ot herw se mani pul ated. It proves conveni ent at tines, principally for
reasons of common usage, to refer to these signal as bits, values, .
el enents, synbols, characters, 15 terns, nunbers, or the like. It should be
borne in mnd, however, that all of these and simlar terns are to be '
associated with the appropriate physical quantities and are nerely - :
conveni ent | abels applied to these quantities. Further, the manipul ations iy
performed are often referred to in terns, such as adding or .conparing,

whi ch are connnnry associ ated with nental7 20 operations perfornmed by a

hunan oper at or . suc hpigURD 7l illdstraftls the (PréBRNt RNBARINGY udeS o sEledivaly, Of
desirable in nDst cases, in any of the operations described herein which
formpart of - tmbpade@pmngwmﬂo daterminedtan phiee dndispesad entiraly wiihindbe ons are

o asent | meentH1BRAE RIRTRs resERC P 6 086 of o e 4T ACAPRR alBRR 1 o7

~simlar dewces. In aII .cas_es---t here. should be borne in nind the distinction
bet ween the nmet hod operations of operating a conputer and the nmethod of
conputation itself. The present inventi on relates to nethod steps for

ol oL 0002 SOk SRR ARG g b SIS

signals to generate oth
for clipping three dimer_x_sxonal |mages.

10 .
. FIGURE g illustrates the IF/THEN/ELSE logical sequence of
steps executed by the present invention to determine the value of the chppmg
bits,.

15
. FIGURE 10 illustrates the IF/THEN logic 'seque_nce of the
present invention to determine if an image is hidden, visible, or if it intersects at _

least one clipping plane.



The present invention also relates to apparafus for perform ng thése_
operations. This apparatus may be specially constructed for the required 5 -
purpgses or it may conprise a general purpose conputer selectively

acti'vated or reconfigured by a conputer programstored in the conputer.
al gorithns presented herein are not inherently related to any particul ar

-~ eonput er or

oth

er apparatus. In particular, various general purpose

The

machi nes may be used with prograns in accordance with the teachings herein,

or it may prove nore 10

convenient to construct nore specialized apparatus

to performthe required nmethod steps. The required structure for a.variety
of these nachines will appear fromthe descrifption given below. - - 10 -
DETAI LED DESCRI PTI ON-OF THE WKWEAEM AR SoblChPgrEESCri pti on, '

nunmerous details are set forf

- Sp -O0T _
systens, clipping planes, inequalities, etc. in 5 order to provide a
t horough under standi ng of_the present inventjon. However, it wll be

apparent to one skilled ivherdetalleddeseriptions,which daliow are prespnteshlargsly e -

practi Sed wi 1oy \aS R ittt bresofalbiFl BRIBREFaculEhd Cnovn

circuits and structur

are | ramtorm and not

descri bed i nsdetwdihin a computer memonyt. OTHEse G@igosittintie dpsariptiors antVreptesemations
unnecessarily. 10 ' Referring now to Figure 1, a typical -
conput er di spl apreingmeansdised by dhqsgskiied iy the datarsesnssing @ds tmEosachi ngs of

S by 558 B PG o Uy RS (1

- the present

i nv

maj or conponent

-

10

15
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An algorithm is here', and generally, conceived to be a self
consistent sequence of steps leading to a desired result. These steps are 'thdse
requiring physfcal manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals ,
capable of being stored, transferred, éombined, compared, and otherwise
manipulated. It proves convenient at _tinies. principally for reasons of common
usag.e,‘to refer to these signal as bits',. values, eleménts, symbols, characters,
terms, numb'efs, or the like. It should be borne in mind, however, that all of
these and similar terms are to _be associated with the appropriate physical
q'uéntities and are merely convenient labels applied to thése quantities.

Further, the manipulations performed are often referred to in terms,
such as adding or compéring, which are commonly associated with mental
operations performed by a human operator. No such capability of a human
operator is necessary, or desirable in most cases, in any of the operations
described herein which form part of the present invention. In the' present case,
the operations are machine operations. Useful machines fof performing the
operations.of the présent invention include general purpose digital computers
or other similar devices. . In all cases there should be borne in mind the
distinction between the method operations of operating a computer and the

method of computation itself. The present invention relates to method steps for

Fal nat es, -coordi nat e



"these is an input/output (1/0O circuit 22 which is used to conmunicate
information and appropriately structured formto and from other paits of =
the 15 conputer 20. Also shown as part of conputer 20 is a central :
processing unit (CPU) 24 and menory 26. These latter two el enents are tho?’e
typically found in nost general purpose conputers and alnost all special
pur pose conputers. In fact, several elenents contained within conputer 20
are intended to be represent ative of this broad category of data .
processors. Particul ar. exanples 20 of . suitable data processors to fill the
role of conmputer 20 include machi nes '_rrgrbuiact_ured by Sun M crosystens,

Inc., located in Muwuntain View, California. Qther conputers having |ike
capab| lities nagpératingt compuiee and pajrieesing sledtrisalroriciier physivalrsignaisnioer t o
‘performthe several functions described below 25 Al so shown
in Figure 1 is aenqralguathercdesired pbysierl®ignals. ¢ ypi cal enbodi ment as a
O O et o hout . 02 LS pRds B inve U K6 rolbldd o BSILA hr gLl ™Y

actually be a card reade I'C of -paper-tape

- wel | known i nihgke @puiatiend.i TS hﬁpérﬁtusQﬁamlﬁﬁdélallﬁwﬁdm&teﬁqﬁn%@éduneﬁ
display nmonitor 34 is illustrated which i's used.tq display the im

gener at ed i nS acpYwpasercer ivmay cpmpnseaaﬁnﬁ@ép@wsm@m@g@ﬁh@wz ml‘@%ed Such a

s s BI oy soF TRphkod B3 ehbPl LB et HalE YR cPuter TRARGERIN | “hap
. :) P \th ch each bbfesbﬁle&'h@réﬂ@&ié mtinwermytrelm t6 @y gsn@mdswmpﬁtbleorcaﬁérdl nat e
' apparatus. In parbcular various general purpose machines may be used with _

programs in aecordance with.the teachings herein, or it may prove more hd
10 - convenient fo construct more _spedialized apparatus to perform the required
method steps. The required structure for a variety of these machines will

_ appear from the description given below.



correspondi ng pi xel of the display nonitor 34. Thus, the destination bit’
map- can be described by a two dinensional array of -poi nts having known
coogglnates Menory 26 further includes prograns which represent a variety
10. of sequences and instructions for execution by the CPU. For exanple,

the control programinpl enenting the operations and routines described
herein,. monitor. and di sk operating instructions and the |ike nmay be stored
‘within menory 26. Al so shown in Figure 1, is a viewi ng pyramd denoted
generally 15 by the nuneral 40, in which the viewers eye 42 forns the apex
of the pyranmid with the base, denoted by-the-nuneral 44, corresponding to
the surface of the CRT of display 34. |nnges S e Lthin . fhe view ng
pyranmid 40 are visible t . + di spl ayed.

Cor respondi ngly, points of |nages falllng outS|de of ‘the viewi ng pyramd 40
are not visible to the user's 20 eye and are therefore not displayed, in
accordance with the nethad ttw‘folldndngiuemiptuod mueerousdetaiis faze setrigrth suct as
Figure 2, a prior art nethod for clipping three dinensional inages is
illustrated gr arﬁﬂeé'&F cgordinatesy goprding $ , 2PRIAg PIBARS:| '%%Paty?'e% et dality

v D0hna  wedor A8 Bovigl ¥ Roralkiy dRia iy biihe phSedtinyiftofl, HolBYLRo X
define the vi evmm.nmrawht&nffmetékmeuaem& athihatAfe pwsemsmmlommaycbepm nts

~which are visible to a user view ng display 34. In the -12-
practiced without these specific details. In other instances, well known circuits

and structures are illustrated in block _diagrém form and not describéd in detail
o in order not to obscure the present invention unnecessarily. |
i0 - Referring now to Figure 1, a typical computer display system is
illustrated which incorporates the teachings of fhe present invention. Shown
-~ there is a computer 20 which comprises three hajor Components. The first of
these is an input/output (I/O) circuit 22 which is. used to cdmmunidate
" information and ap_propriate-ly_ structured form to and from other parls ofthe
15 computer 20. Also shown as part 61 computer 20 is & central processing unit
- (CPU) 24 and memory 26. These latter two elements are those typically found
in most general purpo'se compuiters and aimost all speciall purpose computers.
In fact, several elements contained within computer 20 are intended to be
w - representative of this broad catégory of data processors. Paniculér_examples
20 of suitable data processors 1o fill the role of computer 20 include machines
manufactured by Sun Microsystems. Inc., located in Mountain View,
California. Other cofnputer_s having like capabilities may bé. of course,
adapted in a straighi forward manner to pérfom the severaﬂ functions described
~ below. | ' i
25 . )_\lso shown in Figure 1is aﬁ input devfce 30 shown in typical
. | embodiment as a keyboard. It should be understood, however, that the input

device méy actually be a card reader, magnetic or paper tape reader, or other



exanpl e of Figure 2, all points having values of X >Z or X<-Z are not

di'spl ayed. A problemin such prior art clipping nethods occurs, for )
exanple, if aline (such as line 60 in Figure 3) crosses the Z (or W =0:" i
plane. In accordance with the prior art, the line passing through poi nt s e’
to Gin Figure 5 3 wll be clipped frompoint Cto point F by clipping
planes A and B. I't will be appreciated that only the line segnent from
point Fto Gwll be displayed, -and that all other portions of the |line 60
w Il be clipped. However, in four dinensional space the segnent from point
Cto point D should be displayed. Mreover, at the point where |line 60
crosses the z=0 plane (point E), the liné "'i_"s' 10 not defi.ned and the screen

coordi nat e goe&_eilanﬂﬁ}iﬁﬁd'ﬂeﬁ&é‘ﬁﬁ&@&inﬁ,@%bisagaﬁ&hﬁowwﬁ.i AWidprayof the
Fi

line. As shown in the figure adjacent to the graph gure.3, a viewer

woul d observe owinjtos24isdliustra@dorhich is asedto display thgrimagesogenesalpd ime

curved sur f ace Boprinsm @it radeachings ct e Bleger avtion, Pien AcBpels

di mensi onal cl hm’t'{a.gna%kb%hmhhpkawéeoesah@emkﬂowmﬁwésc&dme sinple use
of clipping planes does not provide 'satisfactory results.. Referring now to
- Figure. 4, cert displayst Mypisallyl memanp26 includdes @ viderdestisation Wibmapiimawhieh have

been proposed to transformand represent objects. One such stemis
descr | bed by EeRRHDAIEhRCRsITatPR BEmap RomgseRnas o e conelivaie LB us |

Coordinates”, g ﬂ&inﬁpgﬁrbﬁﬁe d?ég%ginj&itg}\%;.t_ﬁhuéﬂ%t!&éstiﬂ& -bitihhgough the

Bl i nn met hod overcones ens as ate curve transtformations ,

descri bed i n pecanbealescritiediy aywpbiarasispaltarray, of pointsohgving kndwnch crosses the

. Z (or W =0 plane nust be handled as two separate ohjects. Thus, .an i NEge, \u
for exanpl e of caerdiiaies, afﬂ?’,“°%ﬁ6cfl'1'”g?'d§§’lé§est£f89‘?m—s Which trpgespst apgdelyt s in a

portion of 1b"€ oPBiifehodt SRPAEFUCBS fof Bkehtioh BF thd Sl For 8X&mple; thg"d a
: control program impleme'nting the operations and routines described herein,
monitor and d_isk operating instructions and the like may. be. stored within -
membry 26. - ' '
Al_sd shown m Figure 1'. is a viéwing pyramid denoted generally
15 by the numeral 40, in which the'\ii'e_w'er's eye 42 forms the apex of the pyramid .
v_vhh 't_he base. denote.d“by ihe numeral 44, corresponding to the surface of the
. _CRT.of display 3_4. Images disposed within the viewing pyramid 40 are visible -
~ tothe dsers'éye 4_2, and 'the_refore..a'r.e displayed. Correspondingly, points of
images falling outside of the viewing p'yrar_ﬁid 40 are not visible o the user's \.J
20 eye and are therefore not displayed, iq accordance with the method of the
present inver_nion. | |
'Referring now to.Figure 2, a prior ar method for ch’ppi'ng three
dimensional images is ilustrated graphically.  As shown, aﬁ image 50 is
oom'prised-of a plurality of pbints falling along curved surfaces, each of the
25 points having .X,_ Y, Z and W coordinates. (_:lippihg'planas A and B are
| established which define the viewing pyramid from the user's eye 42

corresponding to points which are visible to a user viewing display 34. In the



portion of the object being in back of the viewer. Figure 4 graphically
repr.esents this condition and illustrates an object- 70 crossing the Z = 0
planeég - 13 - Rinn then applies separate clipping rules for each
portion of the object which is split by the planes.. Accordingly, the Blinn
nmethod requires that the display systemclip a portion of object 70 in the
positive Z direction, and then neke a separate determ nation regarding that
portion of the object 70 which is located 5 in the negative Z direction.
It Will be appreciated to one skilled in the art in review ng Figure 4,
that the entire object 70 is hidden since it falls within the intersection
of the clipping planes referred to by thizﬁunerals 72 and 74. Accordingly,

the Blinn met hoda,e'{aﬁ?g]egggﬁgggﬂz -2?‘Elﬁﬂ&ﬁt§th%w VEILRE Bf X >Z BINK!Z8retriot t he

object 70 be spli ed 1h accordance with separate rul es whil st 10
the entire obj eddispidyesih v prbbleen incsucty priceart elippingt métbpdsjosduss, foreexemplee ifi t

falls wthin the intersection of the clippin | §NEScap | i1l b

agp_r eci at edb][ hat@ tine (sychy BS ling 6@&in ﬁﬂuﬁ{’h%gsﬁgég? %ngwt) é’bfﬁ%ﬂfﬂe‘geV\hi ch .
obvi ate probl ens i { £ ) | B M e S I ' |
noted relative t%éﬁf"%ﬁ‘@s”ﬂg tggngﬁbg,qdfﬁgtlﬁ%lﬁ%‘“?ghrﬁ?%hh?eﬁﬁs-r%ﬁ??gﬁmﬂ ? ES Y
respect to oy ecd wilMky clippéd fromr poim @ tovpoint i by dippiag planesdyand B. diwibhbeed to

o kb iy s bt o s Wi s B
Fares sa-or “ChBof AP T L NpRia Y puen it 2 0 11
o - dimensional space the segment from point C to point D should be displayed. -
- Moreover, at the point where line 60 crosses the z=0 plane (point E), the line is
10 noi defined and the screen coordinate goes t'o. infinity, thereby resulting in a
discontinuity of the line. As shown in tﬁe_ figu're adjacen{ to the graph of
Figure 3, a viewer wbuld observe only segment FG of line 60, a‘nq segment
CD would be improperly clipped. In addition, the generation of hyperbolas or .
o_tﬁer curved surfaces presents other problems associated with three |
15 diménsional clipping, as is well known in the art, in which the simple use of
clipping planes does not pro.vide satisfactory results..
‘Referring now to Figure 4, certain mefhods of clipping' using |
. homogeneous coordinates have been proposed to transform and represent
~— objects. One such system is described by Blinn and Newell in "Clipping Using
20" Homogeneous Coordinates‘, Computer Graphics, Voi. 12, No. 3, August 1978.
Although the B_lmn method 'overcomeé problems associated with curve
‘transformations described in prior art clipping plane systems, any object which
crosses the Z (or W) = 0 plane must be handled as two separate objects.
Thus, an image, for example of an a_ircraft. which dro,sses the Z=0 plane
25 results in a portion of the object disposed in front of the viewer's eye 42, and a
portion of the object being in back of the viewer. Figure 4 graphically

represents this condition and illustrates an object 70 crossing the Z=0 plane.



- 20 through the control of the clipping bits, as will be described.. The
present’ invention provides an efficient method for trivially rejecting
‘obj ect i mages di sposed outside of ‘the viewing pyramd while still be ok
capabl e of handling conplex rational paranetric curves. As illustrated it
Figure 5, the shaded portions of each figure 25 identify those quadrants
in which objects disposed therein are not visible and therefore are not
. di splayed. The system of the present invention pernmts the selective
enabl i ng/ di sabl ing of- clipping quadrants such that the conbinations -14-
of clipping quadrants illustrated in Figure 5 may be achieved. It will be
- appreciated that all clipping may be effi@ctively turned "of f" by disabling

appreci ated that all clipping my be ekfigot ned "of f* by di sal
heroof . nay bbiitinen apist SSRaRh Buenild Y oach R eiing SHRECIRERTE o7

al] but one orshediiey Ml gsried Ateadingty, the Biimpméthbdiséquirbe thait the display gur e,
for each quadrantp?ygyr_e. the bit s_ettr{@nlyts for X Left,)gRi ght, Z Ba‘():k, Z

Front, 'Y Top, systeny clipatportiontf object2inthe positie & diseqtion. and %PW"@H’bV\m The
At Teast one. ofSRABSSTTEIIRYOR FeHAng ek Bpfiaf ot ey 70 siricr & ecBledl FPC <
bel ow. 10 in the negativee BiéciiBl, RAWHI be abprebikdfo oh8 kiléEmane arrivent i on' s
“met hod i npu?s. 8'..1_ pornts conprising an object into nmenory 26 of conputer -
20. CPU 24, exeaviawing) Flguse o, thatdhg patirg object, TQis h‘\@detnr%mpﬁr%faﬂlatwi@m theogr ans,
gﬁj“gf:f‘ ' to l)J(e Y infer2oction of Oercf.p'gfrlitg%?arieg refbflSd 10 b FOnRPAIE 72 HGR! ' ST ng the
| Accordingly, the Blinn method is redundant and wasteful since it requires that \J
the object 70 be split and analyzed in accordance with separate rules whilst o
. 10 the entire object 70 should bé.rec'ognizéd as not being visible since it falls
within the in_tersectidn of the. dippin_g planes. It will be appreéi_ated that. |
although the Blinn methdd describes technique_s w-h_ich obviate problems.
associated with dlipping bur\ies énd the like as pre#iously noted relative to
Figures 2 and 3, that Blinn is highly inefficient with respect to objects which
15 are not visible becau_sé th'ey are disposed to the right or to the left, or abové or
below the viewer's eye 42.
The present invention p_ermits the selective enabling of clipping
~ bits which results in selected clipping within desired quadrants, as illustrated in
Figures 5a-5L. Each qUédrant may be selectively enabled or disabled - W
20 through the control of the clipping bits, as will be described.. The present-
invention provides an efficient method for trivially rejecting object images
. disposed obtéidé of'fhe viewing pyramid while still be capable of handling
complex rétional parametric cu,rves.' ' |
_As illuétrated in Flgure' 5, the shaded pbrtions of each figure
25 identify those quadrants in which objects disposed therein are not visible and
therefore are not diépla‘yed. The system of the presént invention permits the

selective enabling/disabling of clipping'qu'adi'ants such that the combinations



di-spl ayed. CPU 24 further executes a three dinensional transformation which
15 .eonverts: the world coordinates of X Y, Z and Winto the view. ’
coordi nate system In particular, CPU 24 determ nes the value of the
clipping bits identified as, X Right , X Front , Y Top, Y Bottom Z Back,
and- Z Front, for each vertice of the object to be displayed. The net hod of
the present invention then determnes fromthe clip bits of each.vertice if-
each object is visible, 20 hidden or intersects .a clipping plane using the
A F/ THEN | ogi ¢ sequence of Figure 10. If all points conprising the object

are visible, then CPU 24 renders. the objeg& usi ng an appropriate rendering -
algorithmon CRT 34. Alternatively, if all points. are hidden in just one

di mension (X, Y ércligping iqdadrahizaletiated’in Figisre ®may DedRhielé® RIWiepe at all. -
1f the object intersects a cl Lﬁgpl_ng.pl ane, then an 25 appropriate clipping
al gorithm such a@ppieciatgdithat alj eipping may beoetiegtivaly tupred 1oy by gisablingappl i ed.

100 compri ses porRpLio s Th EhBE ol BRR. By, BT ale. S AR RRBEIneleHCr | e
that clippi ng bi inay bee@ttivetlirned wht shchvibabeippingns btifevedGhjatiGus odd @r and

‘112 fall within the clipping quadrants and, as w |}l be described, are 5
di smissed tri%i aMOyS%Ql%ﬂJ quasrants, chlspdiustraled inthedgure, forpagh @uadrank@rani th t he

ret ool o9y of M BB s SRR BHRE tor R BB
as woul d obj ect AfQk inSthe @esifed dlipgihg 'sAbwn.WThé dBtefmifibtidhidfWehether @hablect is
- | | ~ visible, hidden or if it intersects at least one of the clipping planes illustrated in -
~ Figure § is described below. _ o |
10 - "~ Referring now to F_igu're"_s,- the present invention’s method inputs
all points comprising an 'object intb hemory 26 of computer 20. -CPU 24, _
executing one of a variety of vieWing transformation programs, generates X, Y..
V4 and W coordinates for the inputied points comprising the object to be
displayed. CPU 24 further executes a three dimensional transformation which
15 converts.the world coordinates of X, Y, Z and W into the View ooordin_ate
system. In particular, CPU 24 determines the value of the clipping bits
identified as, X Right , X Front , Y Top, Y Boﬁom, Z Back, and Z Front, for
each vertice of the object to be displayed. The method of the present inventio_h
W, : then determines from the clip bits of each vertice if each object is visible,
20  hidden or intersécts a clipping plane using the IF/THEN logic sequence of :
Figure 10. If all points comprising the obj'ect are visible, theri CPU 24 renders
the object using an appropriate rendering algoﬁihm on CRT 34. Alternatively, if
all points are hidden in just one dimension (X, Y or Z), then the CPU 24 does
not render the object at all. If the object intersects a clipping:plane, then an
25 appropriate clipping algorithm such as mid point subdivision or adaptive clip
‘ | box is applied. - |



-Accordingly, as will be appreciated, the present invention permts 10 the
rapid identification of those objects disposed entirely withi.n enabl ed

cl:i ppi ng quadrants (for exanple, quadrants 102 and 103) in Figure 7 and -
-t hereby saves significant time in unnecessary conputing effort to split e
obj ect and apply the nethod of Blinn For those objects which intersect
clipping planes such as objects 15 120, 122 or 124 in Figure 8, the
present invention identifies such intersection conditions and the display
system then applies one of a variety of clipping algorithns such as _

m d- poi.nt subdi vi sion or adaptive.clip box to determ ne which portions of
the object are to be displayed. It woul d be appreciated to one skilled in

“the art, that although RafrfngARew REFIQUrdY JaksBme forl dalke lof akamsib ittt 20
quadrants 121 and 123 as being enabllgd that the present |n€'ent|on as

descri bed her edbjectf 100t ¢amprispe peintsswhich arectisposed in matma@ranbimhtesaumep

AL porabliheloef bime i X Righh KL XioR el b Tihaited Phes TTCLT | 02,
wi th ref er encegh® 192 RAI hithif i ORBing BuadihtstdiRy, Hewar e aaédneed Zpe Of whet her

~alkl points conprising.an object are visible, are.hidden, if the object
at | east padti dism)ssredtte\ndb'mhmra; tlwy:nqedsm&be split nancmrdmoomm thgpi ng pl ane.

For 1oL BT Rl of BB BRI o B SRk O
X then X Ri ght gbjedt 1ﬁ ﬁhrbﬁ"féll‘é in tHb UKt CRIBSST MIBEFeET Waerd%é @Bplaged. st he X
- Left bit is enabled and X < -W then X Left is set to 1. Alternatlvely for
t hat portion oﬂvouweobject 100 smce neither fall within a clrppmg quadrant ‘
Aecordmgly, as wrll be appreciated, the- present mventron permrts _ d
10 ~ the rapid identification of those objects disposed entirely within enabled
clipping quadrants (for exarnple quadrants‘ 102 and 103) in Figure 7 and |
- thereby saves srgnmcant time in unnecessary computing effort to Splrt the
object and apply the method of Bhnn
| " For those objects which rntersect-clipping planes such as objects
15 120, 122 or 124 in Figure 8, the present invention identifies such intersection
- conditions and ihe display system then applies one of a variety of clipping
~ algorithms such as rnid-peint subdi\rision or adaptive clip box to determine
which portions of the object are 10 be displayed. It would_ be appreciated to one
skilled in the art, that although the exarnples of Figure 8 illustrate clip |
20 quadrants 121 and 123 as being enabled, that the present invention, as
described herein, further operates in accordance with alternate clip quadrants
enabled or disabled as illustrated in Figures 5a-5L. | _
Refemng now to Frgure 9, the method of the present invention is
' 'further described with reference to generic methcdology for the determination
25  of whether all points comprising an object are visible, are hidden, or if the
object at least partially intersects the W = 0 space or an enabled chppmg

plane. For that pomon of the coordrnate system wherem W is greater than or



coordinate systemwherein W0, if the X Right clipping bit is disabled or W
is 5~ less than or equal to X, then X Right=1, and if the X Left clipping
bit,is disabled or X<-W then X.Left is also set to equal 1. As further set
forth in Figure 9, the nethod of the present invention is set forth in

| ogi cal | F/ THEN ELSE statenents. I'n accordance w th the teachings of the
present invention (see Figure 6) the values of X Right, X 10 Left, Y Top,

Y Bottom Z Back, and Z Front for each vertice of the object which may
potentially be displayed is applied to the |ogical methodology illustrated .
in Figure 9, and discussed herein. It wdL be noted that the |ogical

nmet hodol ogy of the present invention as shown in Figure 9-is applied such

t hat the val ue efquatol®, and wharecthe XoRight bil is snabledido thase ivases where Mk Xoi nt

o o 13 o TPAEREionhs o S, BRESS Glret bR B8 o ke X (S 51
word "of f" denotghabRdlangixcalwOihe R Edt ik 38t AW Alférfajti%'lg.gfgﬂ-?ﬁte parisn biife

| ogi cal . val ue of each of the clipping bits is determ e present
‘i nvention proceaserdinatel eystemiwheraim W <40 if thenX IRight iclipping bit iscdisabdagorn W idi dden,

The UFITEN FogieBRt Bredidlo R & Maes Sty ik Ea St RRisaBiS o

event the condi tgrowaiRneLetbidelsciditio édual §.he points conprising the object
are visible, then the object 1s rendered on display 34 by the CPU 24. If

‘the method results in al |As Wwgheroiet fasthe FigureiSdthenmethod oéthai presesiton (X, Y or
20 190, 70 901 Selerkin BN 5 SR THER R WherRol i en
knein cl i ppi ng ahgdchigs ot it e YRdntich (Rk Figuress)hevailbs st krighi gh
poi nts of the object are visible and such points are then rendered.

10 Left, Y Top, Y Bottom, Z Back, and Z Front for each vertice of the object which
may potentially be displayed is applied to the logical methodology illustrated in
- Figure 8, and discussed here'in. It will be noted that the logical methodology
of the present invention as shown fn Figure 9is épplied such that the value of.
. each of the clipping bits ié détermined for each point comprising the object. For
15 purposes of this Specifiéat_ion wh_ére considering Figures 5§ énd 9, the words
"on" denote a logical 1, and the word "off" denotes a Iocha_I 0.
Réferring now' to Figure 10, once the logical value of each of the
clipping bits is determined then fhe present invention proceeds to determine
k/ : .. whether each point of the image is _hidden, visible or if the image intersects a
20 least one enabled clipping plane. The IF/THEN logic sequence of Figure 10
is applied; as shown, and in the event the conditions are met such that all the
points comprising the object are visible.. then the object is rendered on display
34 by the CPU 24. If the method results in all the points being hidden in one
dimenéion (X, Y or Z), then no object is rendered, and if the result is that the
25 obje_ct.intersects at least one enabled clipping plane then one of a variety of
£ ' known clipping algorithms are employed to determine specifically which points

of the object are visible and such points are then rendered.



-17- | MPLEMENTATI ON No 'particul ar progranm ng | anguage has been indicated.
for 5 carrying out the various procedures described above. This i's in part
due to the fact that not all |anguages that night be nentioned are o
untversal |y available. Each user of a particular conputer will be aware Bt
the | anguage which is nost suitable for his imediate purposes. In
practice, it has proven useful to substantially inplenent the present
invention in digital hardware, although the 10 invention may al-so be
i npl enented in software.. Because the conputers and the nonitor systens
whi ch may be used in practicing the instant invention consist of many
di verse elenents, no detailed programli.stings. nor hardware discl osures
- have. been provided. It is considered that %¥7he operati ons and ot her
procedures descri bed above and illustrated in the acconpanyi ng draw ngs are
- 15 sufficiently disclosed to per miMBAEMENTAFIONary skill to practice the
instant invention or so nmuch of it as is of use to himher. Thus, mnethods
whi ch are nost advantageously used in conjunction with a digital conputer

to provide approved grapid g -&9'936}- . : ' resent
[ hvgnt ion's 5'2. gue rrgt h?gaoﬁ%ay pr_o%'lges l%%ﬁﬁﬁg%e%&fn@@?ﬁzpﬁ?ﬁ for the
di spl ay systemecarringloutiihealatious procedires described abevec OTHid i8Xn Phitideng the
algorithnms in those cases where all of the points conprising the inage are
ei ther vi si bl e feft thateball lapguagesithat mighths,mentignedare ynivasalicavailables i cul arl y
described wi th g helenges hanEisohpulsr W baBikald diftnd IRBERISwRER Rohba N
conput er systens, it U _ S _ _ .

suitable for his immediate purposes. In practice, it has proven useful to

substantially implement the present invention in digital hardwaré. although the -
10 . invention may aisb be implem_énted in software. Bé_bause the computérs and
the monitor systems which may be used in practicing the instant invention
consist of many divérsé eller_nems, no detailed program listings nor hardware
disclosures have been 'providéd. itis cbhside_red_ that fﬁe operations and other
‘procedures described abdve and illustrated in the accompanying drawings are
15 'suf.ficiently 'discio's_ed'to-permit one of ordinary skill fo practice the instant
invention or so much of it as is of use to him/her.
Thus, method_s_, which are most advahtageou‘sly used in
- conjunction with a digital 'dombutef to provide approved graphics capability
have been disclosed.- The present inv_ént‘ion's' unique methddology provides | W
20 increased flexibility for the display system and eliminates the.need to execute |
complex clipping algorithms in those cases where all of the points comprising
the image are either visible or hidden. |
While the présent 'inv'e_htiorr has been particularly described with
' reference to Figures '1—'1 0, and witﬁ emphasis on certain computer systems, it
‘25 would be understood that the figures are for illustration only and should not be
taken as limitations upon the invention.. in addition, it is clear that the methods

of the present invention have utility in any application where graphic



25 woul d- be understood that the figures are for illustration:onl'y and
shoul d not be taken as limtations upon the invention. |h'additi'onh, it is -
clear: that the nmethods of the present invention have utility in any
applTcati on where graphic - 1B - representations on a CRT where three
di nrensions are desired. It is contenplated that many changes and

podi ficati ons may be made by one of ordinary skill in the art w thout
departing fromthe scope of the invention as disclosed above. 5 - 19 - 7
CLAIMS 1. A nethod for clipping objects for display on a conmputer display
system said systemincluding a display coupl-ed to a central processing
unit (CPU), said nethod conprisi the steps of: providing nenory neans
coupl ed to said cweprammstmnaouﬁéb‘ﬂgyherpdhregﬁmqns@nlafeaﬂqsﬁﬁ et ing points
comprising an obj ethe e?%ed Bt mahy cloBE EndfbBcAlRRE Hag%@ rpé(decﬂ%&' &at es in

N di nensi onal spa&®
' ordinary skill in the art without departing from the scope of the

invention as dlsclosed above.



space bei ng delineated by at | east two quadranté; sel ecting at |east one

one said quadrants as a clipping quadrant; defining clipping bits

each

for
of said points conprising said object wherein said clipping bits ar

defined by the variables X RIGHT, X LEFT, Y TOP, Y BOTTOM. Z BACK and Z

FRONT; determining the value of each of said clipping bits such that

the value of each bit is a function of the location of said bit's

respective point and of said quadrant WRigch

sai d obj ect

predefined val ue,

equal

to at

if the value of said C|Ippln% bits is equal to a first

clipped based on the value of said clipping bits and the particul ar
quadrant which is enabled. == -20- 5 2. The met hod as defined by claim
1, wherein said space isldel Anratrddbfos alipbihgqﬂbﬂe@ﬂésfor display

‘6n a computer display system, said system including a
display coupled to a central processing unit (CPU),
‘said method comprlslng the steps of:

prov1dlng_memory means coupled to said CPU

and said display, for storing data representing points

comprising an .object, each of said points ©being
described by coordinates in N dimensional space, said
space being delineated by at least two quadrants;
selecting at 1east one one said quadrants as
‘a clipping quadrant; |
defining clipping blts for each of said
p01nts comprising said object wherein said cllpplng

bits are defined by the variables X RIGHT, X LEFT, Y

TOP, Y BOTTOM, Z BACK and Z FRONT; _

determining the value of each of said
clipping bits, such that the value of each bit is a
"function of the-looation of said bit's respective point
and of said quadrant which has been selected;

"displaying said object if the value of said
olipping bits is equal to a first predefined value,
eliminating said object from the display if said bits
axe equal to at least one second predefined value;

whereby said object is clipped based on the
value of said clipping bits and the particular guadrant
which is enabled. | '

A I
. * c L M S *

h has been sel ected; displaying

elininating said objCIBIMS omthe display if said bits are
| east one second predefined val ue; whereby said object is



10 . 3. The net hod as defi ned by cI ai m 2, \/\herel n the step of

sel ecting a ‘quadrant includes the step of enabl ing at | east one of said

quadrants identified as R GHT, LEFT, TOP, BOTTOM BACK and FRONT. 15
4. “™The method as defined by claim 3,.Whgrein said clipping bit values are
determ ned in accordance with the followng logical conditions: a.) IF

Werr]O : THEN

IF CLIP LEFT "ON' AND X <-WTHEN X LEFT = 1 ELSE: IF CLIP RIGHT OFF OR W
[err] X THEN X RIGHT= 1; 25 o
X[err] -WTHEN X LEFT 1 -21- b.) IFWerr]0: THEN.~ |F CLIP TOP "ON'

IF CLIP RIGHT "ON' AND WX THEN X RIGHT 1: 20

AND W< Y YTOP=1 | F CLIP BOTTOM "ON AND Y <

BOTTOM =1 ELSE:

i0

-\
15
20
' 25

-W5
2, The method as defined by claim 1, wherem said space is

delineated by 4 x (N-1) quadrants.

3.  The method as defined by claim 2,wherein the step of selecting a
quadrant includes the step of enabling at least one of said quadrants identified
as RIGHT, LEFT, TOP, BOTTOM, BACK and FRONT.

4.  The method as defined by claim 3,wherein said chppmg bn
values are determined in accordance with the followmg logical oondmons
a) W0
. THEN: - IF CLIP RIGHT "ON" AND W <X
~ THENXRIGHT = 1:
IF CLIP LEFT "ON" AND X <-W
THEN X LEFT = 1
| ELSE_: _ | _ _
IF CLIP RIGHT*"OFFF ORW < X
THEN X RIGHT = 1; |
IF CLIP LEFT "OFF" OB X 5 -W
THENXLEFT=1

A

| F CUP LEFT"OFF OR

Y



I'F CLIP TOR "OFF" W Y THEN Y TOP lfIF.CLIP BOTTOM "OFF" OR Y [err] -W10

THEN Y. BOTTOM= 1 c.) IFWerr]0: THEN. ~ IF CLIP BACK "ON'" AND W< Z THEN
Z BACK= 1 |F CLIP FRONT "ON' AND Z < 0 15 THEN Zy .
FRONT= 1 ELSE: |F CLIP BACK "OFF" OR W[err] Z THEN Z BACK = 1 20 ot
I'E CLIP FRONT "OFF" OR Z [err] O THEN Z FRONT = - 22 - 5. The nethod

~as defined by claim4,wherein said object is vi s'i bl e and displayed if one
of the following statenments are true:: a.) IF ALL THE CLIPPING BITS ARE = 0
FOR EVERY VERTICE; b.) IF ALL THE CLIPPING BI TS ARE = 1 FOR EVERY VERTI CE.

5 6. The nethod as defined by claim5, wherein said object is hidden and
not displayed it at.l|east one of the follow ng statenents are true:

b)  Fwzo:
THEN:  IFCLIP T(_')P "ON" ANDW <Y
YTOP=1
| _IFCuP BOTTOM "ON* AND Y < -W
5 | ~ YBOTTOM=1
| ' ELSE:
' IF CLIP TOP "OFF" ORW<Y
THEN Y TOP = 1 _ o
| IF CLIP BOTTOM"OFF* OB Y<-W | ~/
10 THEN Y BOTTOM = 1 | |
) FW2O: "
THEN:  IF CLIP BACK "ON" AND W < Z
|  THENZBACK=1
 IFCLIP FRONT"ON"AND Z <0
15 | .~ THENZFRONT =1
- ELSE: | -
IF CLIP BACK "OFF" OR W < 2
| THEN Z BACK = 1

20 - | IF CLIP FRONT "OFF" OR Z <0 -/
THEN ZFRONT =1

A R



)l !v [

a.) FF ALL THE X LEFT BITS 0 AND ALL THE X RI GHT BI TS'=1 20 | FOR EVERY
VERTICE,* b.) 1F ALL X LEFT BITS = 1 AND ALL X RI GHT BI TS 20 FOR EVERY"
VERTJ&E c.) IFALL YBOITOMBITS = 0 AND ALL Y TOP BITS 1 FOR EVERY
VERTI'CE,- 1 5 ~d.) IFALL YBOITTOMBITS 1 AND ALL Y TOP BITS =0 FOR
EVERY VERTICE, e.) |IF ALL Z FRONT BITS = AND ALL Z BACK BITS =1 FOR EVERY
VERTICE 1.) |IF All 2 FRONT BITS =1 AND ALL Z BACK BITS =0 FOR 20 .
EVERY VERTICE, g.) |F NONE OF THE ABOVE (a-g) ARE TRUE THEN THE OBJECT .
| NTERSECTS AT LEAST ONE CLI PPI NG PLANE. 7. A method for clipping objects
f(or di splay on a conputer display systemsubstantially as hereinbefore
described with reference to Figs. 5 to 10 of tpg_acconpanying draw ngs.

5. ' The method as defined by claim 1.,'wherei'n said object is visible
and displayed if one of the following slatements are true:

&) IF ALLTHE CLIPPING BITS ARE = 0 FOR EVERY VER?ICE; :

b) IFALLTHE CLIPP_ING BITS ARE = 1 FOR EVERY VERTICE.

5
6. The method as defined by claim 5 wharein said object is hndden
o : . and not dlsplayed if at least one of the following statements are true:
| a) IF ALLTHE X LEFT BITS = 0 AND ALL THE X RIGHT BiTS=1
10 FOR EVERY VERTICE, '
| b. ) IFALLXLEFTBITS = 1 AND ALL X RIGHT BITS =0 FOR EVERY
VERTICE,
c) IFALL Y BOTTOM BITS = 0 AND ALL Y TOP BITS = 1 FOR
EVERY VERTICE, _
15 d) IFALLYBOTTOMBITS = 1 AND ALL Y TOP BITS =0 FOR
EVERY VERTICE, | |
€.) - IF ALLZ FRONT BITS = 0 AND ALL Z BACK BITS = 1 FOR
| EVERY VERTICE, |
~ 1) IF ALL Z FRONT BITS = 1 AND ALL Z BACK BITS = D FOR
20 EVERY VERTICE,

9)  IF NONE OF THE ABOVE (a-g) ARE TRUE THEN THE OBJECT
INTERSECTS AT LEAST ONE CLIPPING PLANE. |

7. R method for clipping objects for displey on &
tomputer display system substentielly as hereinbefore

described with reference to Figs. 5 to 10 of the
acicompanying drawings.

= ¢ L M s *»



