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(57) Abstract: A method and apparatus, for use in a computer image generation system (10) wherein polygons are displayed on
a video display (18), for encoding data representing intersections of the polygons and the pixels. The method comprises the steps
of receiving input data signals characterizing a set of coordinates of each of at least three vertices of each polygon to be displayed
through an input control interface (22), each different pair of the vertices of each polygon defining a different edge of the polygon;
and generating, through a geometry processor (14), responsive to the received vertex data signals, edge data signals describing the
intersection, if any, of the polygon edges with each pixel to be displayed.
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mlliseconds , usually the fornmer. These particular field 30 and
frame tines corresponds to those of a typical tel evi si on format

di spl ay, | WOp1/06460 i nt er | aced fields per -frame w t h PCTYUS00/19523.e s
per second. For each tine interval, all three
processors are kept busy so that, at any given tine, the
processors are working on three separate scenes. Each section

processes inputs and genZMPROVEDUBPBUFFER ANTI-24.JASTNG METHEH val , So
data flows - through the three stages in a sequenti al manner from

the controller, to the Geonetry %?Mthentothe Di spl ay
Processor. The conput ati onaEF'Ei oad anong t he

speci al i zed pr oc &der igwentdan relateRiss complwkexi tpagged each
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observed by t hexgpapsentatd o ofsshodsy thacts in a lp-bwl/etlmeaimagbng as

si mpl eygontrol Lypekm.applied to an environment definition and is
converted - to pixel video 20 di splay information. 1In the controller,
t he pl ayer I nputs are used.to calculate the new position and

orientation of the sinulated aiBACKERQUNINAOF ITHEt INVENRION

mat hemati cal rotation mitlhle)él I zEhat i S us fo rotate
obj ects froma reference coor dl%l’h’;ﬁl}% "gu:t% ygde fftems are velly

designed to provide reallstlc image reproduction for a
15 variety of video graphic systems, such as video games and
video training and simulation devices. In these systems,
it is very advantageous to provide the user with video
dlsplay realism.
In a typical real-time computer image
20 generation system, such as a video game, image generation
'is done in three sequential stages: Controlier, Geometry
Processor, and Display Processor. Each of these three
processing stages or sections each work independently on
data representating of or corresponding to one of three
25 consecutive scenes to be displayed. EBach of these
processing stages or sections processes data on a scene
or image for a fixed time, which may be either a field
time of 16.67 milliseconds or a frame time of 33.3
':milliseéondsj'uSually“the'fbrmer These" partlcular fleld
'30 - ,and frame times corresponds to those of a typical -
television format display, i.e., two interlaced fields
per frame with thirty frames per second.
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applications, the Controller is a general purpose . conputer. 30
The Geonetry Processor reads f.raom a data descrlgtlons of
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t hr ee-di nensi e kbp) thadsy e adeatt atatoramgf given time, the processors

- 2- th e re rotated
into ' % moaﬁlk C£ c’fIS nates. us ngx%e%e ro?cﬁ% onaérraa rlscssée‘g@gm;il
cal cul ated i n R¥RCEEHART cinRts RN GRARNITSPrYtRUe? during the
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Processor cal c‘?ﬁ‘&l ftﬁ t‘FPntrOJt'fer' RirFRe %?OIP?IEI%I ke)
whi ch obj ects mfcﬁ:esrsdn‘,orundartl’mhlm the Display Heromms ahestores this

processed 1 Compyulidgel 10aa is afendibur among che spelBElMARNCT. | |
the form of aprocessor madkiamnshonrkedEISNes reayHe e@mlam gathrity |ist

contgpns the offderg Ur aftadGStmd N dvish SEEAEGh VERS fé‘&llts are délhgkdface
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list as the | Jvive] times.  \enever tvvo faces overlap on
t he display, the hlgher For example, in a video game that simulates a

flight system, user, or player, inputs are received by
the Controller; and after being processed sequentially by

15 the Controller, the Geometry Processor and Display
Processor, the output is sent as a color scene to video

N displays observed by the player. The data seen by the
player starts out as simple control inputs applied to an
- environment definition and is converted to pixel video

20 display information. In the controller, the player
inputs are used to calculate the new position and
orientation of the simulated aircraft, and from this, a
mathematical rotation matrix is calculated that is used
to rotate objects from a reference coordinate system to a

25 display coordinate system. Other information dealing
with the aircraft, with the position of targets and with
other aircraft is also calculated in the Controller. 1In
some applications, the Controller is a general purpose
computer.

30 The Geometry Processor reads, from a database,
descriptions of objects that are potentially visible in
the stored three-dimensional digital representation of
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priority face will be visible, and the |lower priority . face wll be

obscur ed. WO#06460 t he Geonetry Processor cal cul atRET/URWOI8523p| ay
end points for the edges that 20 bound t he two-di nensional faces, and
al so cal cul ates the coefficients of the |ine equations that

descri be these boundi ng_edges. ' The Displ ay

Processor reddiey&senge @Rst the objectyg fhati snal readeagesrotptiednintal ong

with additi ogglsgiase cza%rdmaterseh%tlag dﬁbaraﬁﬁltﬂéﬁsmhhk%cbgfOr”Ht'0“ to
out put data esCri ol or t?e ay each gl xel in the scene.

Each col or diS3}SFates A2 §3’§t t§° gﬁi"cal F nﬁ&@“‘&ﬁréff rocessor 1024
lines of videatheatizaildy, puicijlectachhki nhrbeviigensional ak@a4onkdi Vi dua
col ok dots oy lLa cess Q res ve, for
each pi xel , \ﬁnhgt )ﬁt%J t?z dl;{%%sr%c’%gl &léglﬁ i ﬁenglgg'el Eguﬁaaﬁgm&'v €t hat many
faces can beGeometry Brioessgor fadcplreps 4a8 bMawnseepfamndepthi-ons of

faces buffer or the like) Wthh objects3are in front or behifRY Pe
covered by other fa%% Si g&% val ues g al | _of t hese pi xel's need
to be cal cul é’ttg’t? 5toregnlnis mfom?‘f-l’i@npﬂ-ﬁcésEFP@rFL&Xd in the
Di spl ay Procddstr. i s very hi gh. To cal cul ate video for a

di spl ay system (@aﬁg °Fae°5r ggghgégét gglg gont gl ngd as nmany as 14

di sp?ays), t he cessor PR xcess of 10
billion indivdeiwadt étaFGﬁs p’bﬁrgeééﬁb face is in the form Ofieapersistent

probl em has BeARgon RGBS by straightX8hges! of That gpsbiyeiNiegpation in
an antl-allaSIn%alns the order of all faces in the scene, with the
first face in the list as the highest priority face, and

15 the last face in the list as the lowest priority face.
Whenever two faces overlap on the’diéplay, the higher
priority face will be visible, and the lower priority
face will be obscured. Lastly, the Gebmetry Processor
calculatés the display end points fof the edges that

20 bound the two-dimensional'faces, and also calculates the
coefficients of the line equations that describe these
bounding edges. '

The Display Processor receives the two-

dimensional face descriptions, along-ﬁith additional face

25 related data and'uses this information:to output data
describing to a color display each pixel in the scene.
Bach color display in the system is typically made up of
1024 lines of video information, with:éach'line having
1024 individual color dots or pixels. The Display

30 Processor has to resolve, for each pixel, what the color
of the pixel should be, given that many faces can be
present in a pixel, and that certain portions of faces
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attained with Qr_use |i o] fer imge
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pi xel s, for ermmutgatdm PEY @eeRridhg i ntersections of the
pol ygons and the pixels On-g"‘i)erf‘?stl@l‘ént problent YIY bk pﬁ%c?tpésé)f
receiving input, data signals 30 Characteri zing a set "of coordi nates

of each of at Riggdy color intengity \?é’rftqlE@st:‘(ﬁn édt Rp Antgord dirping

di spi@yed, eagdanner, whidli fSfldcwe foai sudftdbie \rﬁrgmmlqht.eﬂﬁh g/ gon
defining a

different edg&PTHe SoBfgoisiRie é‘ﬁé‘reatprr?@'el}té‘gﬁoﬁﬁ%lrable video

data components (“dlstortlon") from taking on the
identity of a desired component, so as to appear as the
wrong color, or degree of translucency, in that pixel.

15

SUMMARY OF THE INVENTION
An object of this invention is to provide an
improved anti-aliasing procedure for computer image
- generation systems. _

20 - Another object of the present invention is to
provide an improved process for encoding edge
intersection data for use in an anti-aliasing procedure
in a computer image generation system.

These and other objectives are attained with a

25 method and apparatus, for use in a computer image
generation system wherein polygons are displayed on an
array of pixels, for encoding data representing
intersections of the polygons and the pixels. The method
comprises the steps of receiving input data signals

30 characterizing a set of coordinates of each of at least
three vertices of each polygon to be displayed, each
different pair of the vertices of each polygon defining a
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to the received vertex data signals, edge data,signals descrlblng

the intema@er06déd if any, of the pol ygon edges ' WiRCH/ES90/m9523 xel* t o,
be displayed. 5 The generating step includes, for each

pi xel to be displayed, i) identifying in a first field of one of
the edge data signals, and for each side of the pixel, whet her or

not the edge@lﬁfeaels'el%@g%dﬂi)riéﬂ@qullﬁon' and Q%Wd meApanaivai d
side of the phxghe f‘é@'eiw'réd'wf‘efﬁ"@c hta s1gx?4igaes &dgd se! S ol ygon

I ntersects any side, of the pi xel,” storin in a second field of

sai d one of €@EcEHEng the mt%{%ﬁeac"sﬁcﬁhallsf Y e Q5 Fe RRLYIRR 1S5RS on
al ong the siwkth each pixel staldse alidgimymdel at which the pol ygon edges

| nt ;SeCt the pi xel ?"Pﬁe &éneentfl%% stﬁgf :\bncldﬁré;'er cﬁe%#ﬁ gai%&dl to

advant ages of the econe appare
consi der at i Ope oflisplayed, Lhel'iwtxﬁﬁlr@ dat @& | THarsfestield ioh.ong vafh with

reference the edgd 0dite SEGSPAPRN YA ﬁlavaearm sidd ¥ secigixend show
preferred enbodi rents of the |nvent|on 20 BRI EF

DESCRI PTI ON Whether rpipRisthe. edges of a selectgd;one Qf fhenemmtic bl ock
di agram of - apolygons :uﬁmsléelt samges:gﬁ\edﬁtum HiGted), Samdem)l mﬁ/\/rnmh t he

app at us and.net hods v I ced; |
is a E%%??a? dT‘lggr% féﬁ%ﬁ%&%ﬂ@&é@té)%r@l a]t [ onos %et ween
the Obj ect fpitzedbpol ygoningn Ubj a;caecond fml%mﬁ:e@%@t@@ﬁr@@@dﬂmg

i mge face pg ¥93|§§ 0151898 estimate SPAMe RIKhish RILIAY iRl eEdM S

(pi xels) of t 30 raster, upon which the i geface w | |
appear ; or sides o the pixel at which the’ polygon edges
PCT/ USCQO 19528tersect the pixel side.

15 Further benefits and advantages of the

invention will become apparent from a’ consideration of
the following detailed description, 'g;'Lven with reference -
to the accompanYi_ng drawings, which sp'ecify and show -
preferred embodiments of the invention.
20 - ' - '
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diagram of a

computer image generation (CIG) system in which the
apparatus and methods of the present invention may be
25 practiced; '
FIG. 2 is a spatial diagram illustrating the
relationship between the object face polygon, in object
- space, and a corresponding image face polygon, in image
space, and the picture elements (pixels) of the display
30 raster upon which the image face will appear;



FIG: 2a is_ga. Lfied portion of the inage di spl ay. 5% I N
P@o@?@# pCIruSbdAs

the vicini e desired 'pol ygon to be displ ayed,

FIG 3ais a view of an array of display 5 .pi xel's, upon which a pair
of face pol ygons are i maged; ' FI.G 3b is a view of an
array of display F1@! X84 Sis PRl £lled SEFEIBR) ¥OPRES RESK! | ONed.
and - shows_various_pi xel edges E and edge distances D thae may

be used to det%*ﬁi’%%yp?iefIgol%r“aa%a? Vpcinity of the desired polygon
illustrates a {@®lygoRishbayed) ersects several pixel boundari es;
FIG 5 shows a table th%Iédegtifies t he daia Pi(tis of edge
crossing signals; - 38 18 2 VY QL3P RTFRY QL adpPBLadure for

resol ¥i ng 15 pixelsdgeponoesiciysa pailr of face polygons areGimdged;
schematically depicts a ixelsfilt . SCRI PTI ON OF
AN | LLUSTRATI VE, EMBODI P g<,§ 1d'atflev of aﬁe‘?"‘é’f'?’(n‘g’;fiﬁ%?ggf‘?’y to FIG
|, a functiondpixels, upop|weichiagfage arolygonpls epos rajengdneandi on
system 10, shows vaElods ﬁ&ké&réaééé EOo£kR1 bage "al §L4RBeSYB! Bkt Ray

il lustrated. The rea(ger I‘i referred jo the existing CG art,
i ncl udi ng suclPPUBFTLat? fREEE IR PseLntolpr data. 4,727,365, issued
Feb. 183, 1988 to Bunker BIGal4,ilbus®fates a pdliygmtecehit dear&bseets

Generator"; U b&i . 4,825,391, issued April 25, 1989 to D.
Merz, for ™ Dep%vgﬂfrfn ukf?lggdﬁ}%sr‘ity Processi ng For Real Tine Conputer

| mage Gener at i NEEGy st esows aadtab®: thaenidéntisi€40thesdatat o
W Steiner andh,Ms ¢ e [ @Fos dBL ogli?qgl@ppar_ atus For 30

Anti-Aliasing Polygon Edges In uter | maging System " These
three U.S. Patents 4172ﬁg§% .6 tes a procedure for resolving

-6- 15 edge crossings; and

FIG. 7 schematically depicts a subpixel filter.

_ DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT
N Referring initially to FIG. 1, a functional
20 ‘block diagram of a computer image generation system 10,
such as an aircraft cockpit simulation system, is
illustrated. The reader is referred to the existing CIG °
art, including such publications as U.S. Patent No.
4,727,365, issued Feb. 23, 1988 to Bunker et al., for
25 “Advanced Video Object Generator”; U.S. Patent No.
4,825,391, issued April 25, 1989 to D. Merz, for *Depth
Buffer Priority Processing For Real Time Computer Image
Generating Systems”; and U.S. Patent 5,668,940 issued to
W. Steiner and M. Morgan, for “Method and Apparatus For
30 Anti-Aliasing Polygon Edges In a Computer Imaging
System.” These three U.S. Patents 4,727,365; 4,825,391



and 5, 668,940 are incorporated herein in their entireties . by .
r ef er enc éWO 01/06460 The system 10 incl udes a ConP¢HUSMINA t 12
a Geonetry Processor unit 14, and a Display Processor unit 5
16. The Display Processor unit 16 displays information to a
di splay wi ndow_ 18 to sinulate fhe novenent of the aircraft over a

scene. An opdRdtor698. 740| RERctPEFRPEALed herein g kheiy erfelrpiieati on
system 10 t hppugéfénentecont r ol interface 22. The operator's

maneuvering action is to i t control interface 22. The
i nput control hﬁ%té??%%“é ]C%nl\'/%cl;:{]‘géj‘?%ea ar%od?o%ﬁ?ﬁ?% Wt et as
aircraft GeometpysProoesser rentf t14 oldnd @ tRdgpkay Broceddor udeit f rom

the pperatorygo t‘i‘ﬁe@f‘éé?é}eﬁrc;@essor uni 16 displays A£G Y4l I er 12,
the operator 1 nputs ar used to, cal cul ate "a r?gw position and

e 15,
ori entation ©f fnhgisplay windoy  18¢to simpkatanthe Sovensnhofithal
rotati on nmatai¥craft overis seénel atmd dgwiatsr Urrpdid O imiad a®imets from

t he reference coordinate systemto i.spl.ay .coordi nat e

Cretem whi FOTRSHER  Enfde Sentiid | SVRgdn 2 & o G e ahal i ng
with the sceimi;erf\ecgomt | cFhefoperator’s twargalesring ddteiomiicrédd is

cal gl at ed '%tfﬁp%%ec%%tr.]:{orol Eé’fffée: iﬂ SOfffe & LoddBYE generation

syst ens, ) er unit 12 is a genéral purpose conputer.
The Control | BrRteFRERCe coRVer Rt e RRRERRTERYS daFa such fs taiarerakt recent
aircraft oriposdtion, aifftstaft roll, it andRdwdtiasuddie Biduer af t

roll, piteh yaw ando, o tne PRSWISILL9Y the operator via the i nput

In the Controller 12, the operator inputs are
15 used to calculate a new position and orientation of the
aircraft, and from this,:a mathematical rotation matrix
is calculated that is used to rotate objects from the
reference coordinate system to a display coordinate
_ system, which is well known in the art. Other
20 information dealing with the scene, the position of
targets, or other-airéraft'is calculated in the
" Controller. In some computer image generation systems,
the Controller unit 12 is a general pﬁrpose computer.
The Controller unit 12 is updated periodically
25 by the most recent aircraft orientation. This
orientation includes the aircraft roll, pitch, yaw, and
position from the operator via the input control
interface 22, to the Controller 12. The.Controller 12
works on a scene for a field or frame tiﬁe and then
30 passes data to the Geometry Processor 14. '
The Geometry Processor 14 reads from a scene
database memory 24, descriptions of objects such as
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i nterface g‘?qmtl%&dﬁe Controller 12. The Controller 12 chﬁédiﬁsﬁ” a

scene for or frame tine and then 30 passes data to the
Ceonetry Processor 14. .. The Geonetry Processor 14 reads
froma scene dat abase nmenory 24, descri ptions of. objects such as

-7- S, ars,, efc that are
potentially vitsiS né vgg 'Ste oreg'd hrhan%]?r%hs‘%% that “are di gi tal
representati orpczﬁenttﬂeabhr tWSihﬂee ob} ethe stered three dimenséionalhe scene

dat abase and Qifgi@éﬁtfébfégéhﬁ@ﬁﬁyof Xhe eartOr di'ﬁ@tgﬁ;i_ﬁé{:%gai'ge

rotation matri x Ccal cul ated in Control I er onetry
Processor 14 g3 L¥em etd:g%§cene datal@ﬁﬁ%l‘?‘%@(t%\?ﬁj ¥etRkHedt HRLQj @*’J\,Sﬁﬂ-ﬁhfow

boundgri es i n cdgEinates us:tjngpﬁte,rﬁatl idete Mgﬁﬁswldﬂlﬁaéaeﬂﬁt teal ly
projects the t hree- digensi onal, object data onpjo e

t wo- di mensi ondfeRFoLier %e‘spl'fanje \?é%%%ry Frbcedidy Ol c‘{lpfb?%teflﬁﬁﬁs
whi ch extend beyorhl ektspidybeyonibvthe view, whmdmnlabdnmdari:esl ippedijeont

s noe® %ose(c?m:?‘é)at'%\e processorT y ons or co%ﬁr%?g%g&%hhﬂgl ae

poi nts, lines, convex po ereof.
Each cl osed 1¥-hree-dingreionmt qRiect daemrrrEo sthe cewo- dhmenséanalobj ect
procqgsed is 1y Gindwi vi dual faces where each face S

Chr e di nensi onal Lbfﬁﬁ’?@» ¥ tiaces "I Sfeand pevrnd (dLepTay, vERHOHa: o
is passed to thmurdspiey D clippdd aoestses- d.ﬁnenéibmtdlim@@e sp&céeeconetry
Processor 14 The two dimensional objects include points, lines, closed
convex polygons, or combinations thereof. Each closed
15 convex polygon is known as a face. Thus, each object
processed is made up of individual faces, where each face
is bounded by straight edges. Once the faces are
computed from the three-dimensional objects, in the
Geometry Processor 14, the data is passed to the Display
20 Processor 16. In addition, the Geometry Processor .14
calculates, in known manner which faces are in front or
behind other faces and stores this information in a
priority 1list.
This priority list contains the order of all
25 faces in the scene where the first face in the list is
the highest priority face, and the last face in the list
is the lowest priority face. Whenever two faces overlap
on a display, the higher priority face will be visible
and the overlapped portion of the lower priority face
30 will be obscured. After calculating the priority list,
the Geometry Processor 14 calculates the display
endpoints of the line segments that bound the two
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cal cul ates, in known nmanner which faces are in.front or behi nd

ot her fad¥@0PE6%t ores this information in a ’ pri RGHS00{13323

This priority list contains the order of all 25 faces in the scene
where the first face inthe list is t he highest priority face, and
the last face in the |ist Is the lowest priority face. Wenever

two faces ovéimepsional faces andicaleoylatér thegheoepficienysfafethél | be
vi sibl e lin é&da&'ﬂénQVéﬁJa@paéécP%é'915\3050 ;rx!;@@aggé' Orh&e{ face 30 -

wi |l be obscure After calculating the priority
Geonetry Pro@%@@SFr¥4pESFEE?8¥e§4tﬁ%lﬂ?%iﬁ%ﬁ the endPoE%G@o@ﬁt%a©h the line
segments thaédfeuandt bhet shope of each edge that describe a bounded- 8-

di | | f “of _the_, | | |
ST o nERCER oMfiphe UL £l Bief B500dEh " 58 i Dismiar pr ocessor

14 cal cul at eBrobessadpdfnat s of each edge and the sl ope of each

edge that describe a bpggded. éhowi DidRrSy pggﬁggég@tfga%$%§h§9 &%ééed on

to the Display Processor
Di spl ay Pr octégs@rrsrs Fhat‘f%éeas%splay 18. (0 FoNR SYRESMSleod Bingls 18.

In some syst@shtr8l3efdie and GeomeﬁﬁﬁtPﬁ6éé§sé£ ﬁ@dlékﬁﬁﬁarﬁbFﬁﬁﬁﬁﬁsor 14
S ed to dr|v one Di s roc e EXSPIay

by offbeaor © Mo¥E ehan pne RigrifE PEPSeridtL S A0 FiRnlay Rrcceth
di spl ayed is responsvbﬂeofdrspte@es5hng}mntawmat1¢mrt¢dbt dlsyel dyed he

on video display 18. One particular task done by ‘the
- Display Processor is to resolve for each pixel in the
video display 18 what the color of the pixel should be,
15 given the many.faces that can be present in a pixel, and
' " those portions of faces that may be covered by other
faces. To perform this function, the Display Processor
" 16 thus receives two-dimensional face descriptions from
thHe Geometry Processor 14, along with the face color, and
20 a face priority 1ist, and uses this information to output
'the scene to ¢olor video display 18. Each color display
in a system can be made up of 1,024 or more lines of
video information, and on each line there typically are
1,204 individual color dots or pixels (picture elements).
25 For each pixel the display may receive a 12 bit red data
signal, a 12 bit green data signal, and a 12 bit blue
data signal as part of intensity informatiom that '
describes the color of the pixel.
With reference to FIG. 2, the eyes 20’ of the
30 observer are at a viewpoint VP and look at a sample face
polygon 30 within the view window in object space 30‘.
Only the face 30 closest to viewer 20’, along a view line

9.



Di splay Pr ls to resolve.for each pixel in the cTNisiffvs23
di spl ay’ 18%@2@8&["&% col or of the pixel should be, 15 glrven t he many

faces that can be present in a pixel, and ..those portions of faces
that may be covered by other - faces. To performthis function, the

Di splay Processor j5 seen; ah@ e viGH16eF Aol '&‘éﬁ%ﬁ?ﬁiaé?&;ﬁ
descriptions from the Geonetry Processor 14, along with the face

col or, and 20ccomparigom,of Fangs digtanice K, drafdeen jievw BotnatYRnand

out put a spdb@m @Cf]c,d@isggxg\/id&itlﬂikﬁfﬂ_ﬁﬁt %cmwlwlgiﬁﬁbaﬂ

in a system can ma 0 4 or re.lines o . vj. deo

I nformati on, d‘ﬁ’dl% g‘gglu(l%er?é "gfr?é‘l" ee’ﬁ%’lrigew I%}"earazforementlmie,éoljﬂ‘ hdi vi dual
col orS5dot s or BaitveMo.( M, @25,8% amhttdle @Ferencesd-oritemt Hipexein} he

di splay may r jve : ' t ' L green data
signal, and aq?’?stii tﬂb#lﬁ%g@ %Jl%&?cfg a(l}s@ixé;en'alal Zﬂsﬁr}%r lg?lli?fn%%énsi t i/

i nf or mati on t Hetentified byydd# jvsadiigas & oVfanhd 9 xg .that polygon
Wth referencagving @he? milditmey @ange Rf, Hendview lighsedver fie at a
vi ewpoi nt VP and | Qok at a _saml e face . po'%ﬂ'gsoé}# 30 wthin the,view
wi ndow i n obj eanesc%a@@a;@ 307 'is projsfted {4 & B SNV 3 AR

20' , 1@l ong a dmagd ispace 34’; and face polygon 30 is projected-as

32, is seen; .S face s ] . o] rpsqn of
range di st anc?l%L'El'reas"vv@ecns'L oglw%g'i n liyg%é%}méﬁ%é)werat]fca%se ‘6:(6)1 ﬁféﬁausi ng
depth buffer V&claampgspansiing fqyyvertices V4,n hang tVq saesspert txahyl e,
the aforenentioned U S. the displR¥ wiltiow 82%83%h ank thsdef eseners cited

therein). display with each pixel 38 scanned in sequential fashion

15 along a horizontal line (in the J direction) from the
left edge (J=J,) to the right edge (J=J,,) of the
raster/window; and for lines with increasing distance (in
the I direction) down from the raster/window top edge
(where I=I ) to the bottom edge (I=I,,.). Thus, the path

20 line Lp is scanned from a first (left-haﬁd) pixel Pl to a
last (right-hand) pixe1 Pr. A pixel Pp is identified by
the view line 32 passing through the window plane 34, so
that pixel line Lp includes an image point projecting,
and corresponding, to polygon point Pf. The polygon 36

25 will, along with line Lp, include pixels from a leftmost
pixel Po, identified by the J, crossing at the left line
location, to a rightmost pixel Pq, identified by the J,
crossing at the right line location.

With reference to FIG. 2a, a row of the pixels

30 38 along the scan line 34" is sequentially scanned in the
J direction, starting at leftmost pixel 38h. The next
pixel 38i is then operated upon, and so forth, until a

-10-



Thus, vis gon 30 (here, a triangular face i NN by
Its verti %E and Vc) is that pol ygon havi né"ﬁﬁ&owﬁﬂum
range R err] along view line 32. The obj ect space 30' is projected
into a display window 34 in 10 - image space 34'; and face poI ygon 30

i's projectedpikel 381 is die%wh@a 2 Y&en13&c wdg;g 6%8!%@ ?\éﬁ \é,%

V2 and %’corre ondi.n é vertices. Va ? pectlvely
The di spl ay WiRfowiRE &"t R %rl &&P"&FeshE’Y the P°1Y§F’§pl3z§y witt seach

pi xel 38 scampisli issddgeatiifiled ashiaodefimost crabeaggaJQObfzgntal line (in
the J direct 'p%bgo% rgdgl%e I ge ( to t he right edge
(J=J[err]) of t and tﬁg'\mlgég ?qand OAE é WF}ﬁngnEhg§S|ng
di sténce (inline, through Pt@FFé@FFGAﬁ aémﬁompénte&y ceveretnbydthet op edge
(where |—|[eéf:dedh tbepa&hQOGqug% &babhearbnThﬂé r&Bﬁtp%hBe28f the line

Lp i f f t d
(71 ght “hand) FNEEpAR,EET R 3y FOVERBA, P Biebpolygon 36. ndhFew | i ne

32 passing t fpixedh mhadmtddweﬂl asea3fighbmost crosstihgt gpiggelaline Lp

| ud d di t I
point P ThE R0y R0k g8 porarth®, kepvel, ayelRR) pTIRRE SR, e i el &

frodPa |eftrr@ytentually regckes bhe rcaght:mpsbdpbyeiihaeﬂodsr thatngcah t he
left |ine line. Iocatlon to a ri ght nost pixel Pqg, identified by the

Jlerr] Cr ossi ng &hg ht |ine |ocation. . i
Wth reference to FIG aw"& % SFePnEbpExelithput copsifdsxgtine s€an |ine

34" is sequentraaslyceasynaddi fieeehrough of dhdbmactirem asharking at
!nglfg‘r)fh phﬁtﬁ;rﬁgﬂt LBeyBEE! the attriBLEEL 38! chS M)ecglgp%a;cﬁ ¢URo0. and
15 completely covered by, and therefore totally within, the
polygon 36 have exactly the polygon face attributes
(coloxr, intensity, tranélucency, etc.). In contrast,
the pixels (e. g. pixels 381 and 38r) that. are partially
covered by the polygon 36 have the attrlbutes of that

20 partlcular polygon only for the p1xe1 portion actually
covered, so that the attributes for the remainder of the
pixel must be obtained from other information and blended
aécording to the various percentages of the pixel covered
by each polygon/source of color informaﬁion. '

25 This may be understood by réference to FIG. 3a,
wherein a first polygon 36a is ordered (as'by any of the
well-known depth-buffering processes) in front of another
polygon 36b, as seen in image space. Polygon 36 has a
plurality of vertices (e.g. four vertices Vi, V2, V3 and

30 V4 in FIG. 3b),connected'by a like plurality of polygon -
edges 39 (e.g. as shown in FIG. 3b, edges 39a, 39b, 39c
and 39d) which cross pixel boundaries at crossings 40.

-11-



pi xel 381 iwo'otdedsgd on the left edge of the polygon for pCT/USObAeR3 | | ne
and partlally covered by the polygon 36. This pi xel is identified

as a leftnost crossing Jlerr] of a : polygonledge and the J line
34", Continuing along this. 5" | i ne, through: other pixels 38

conpletely co red b l.xel 38r is reached on the
ri ght edge of*g mage' screﬁBIﬁ&oﬁ°§W&%ngtFan @@ﬂgiﬁflifqaﬁa | ygon 36.
Thi s phixedls,i arirdegedfl iedvastdcailglebinstsc r(@essy.ngalfwdrdd . of, -

pol ygon edge. jFuither ptr | al,gng tRe ' 134" 2 y
reaches the rlgh?ngétp |%§? 33+§ ? tﬁaféghggﬁlgi ylglqnq1hé?§§gﬂgﬂi

It will be sedAnelat(e.@i-t RdDESconsi &eRat Lod,oft, L+l, L+Zr.andl sty and

feedtfirough ohoehremkallr emi;asner 8t the lowerdiGeh@RlcaRQloIYE ddih afifd butes
of the pixels_38_that conp and therefore

total ly withifk, Sfh@ixe s nghp&?’?g x§6k”1’r§$‘§ i‘%@ e bg’nﬁﬁty%‘ Rerce

attributes scannedocphmel lihensi Eacht p&&@lue:emy;hmﬁ be orderEdtyst ,
rtiall covered by

the pixels (e, 381 d t ar.e pal

t he pol ygon 3%gﬁa ﬁ gea t?? ufgghb ?hgf i@na ion. ﬁﬁ(ﬁﬁ%ﬂ ?ﬁ) SRBh only
for the pixel thakt semeapttuaﬂsy such as pdxedr dd, Pdo tvmltl thee conplietiglys f or
the L{fmﬂl nder -getB8 by only oRleXBb1Pdh RHod N&@a r%.'ﬂ&“é}ﬁ{ s {4 mation

and ended accord to thé vari Ous percentages of e pl xe
covered °n1Yb§h€aéﬁt56P9 §f/ dutbatopodygen. i whddmatdier mixels
This may be undeestostiakinggbeeaddtgt ofFthe 3@tributes ofifidL a first
pol ygon 36a is rdered (as by any of the wel | - known

dept h- bufferlﬁg Kpgcesses) in front of another pol ygon 36b, as

'seen in inage space. PoWjgbnreSelrgpnce to FIG. 3pl,ucallicry agft ridnitesesnze. g.
fourjgerti Cesbgldeygrm\f{ﬁeangﬁggns1d§:9c¥ﬁ1bﬁ ElfGthéb)en‘EQ.%e?é% byar?d ldke

plurality of as shown in edges

39a, 39b, 390g°t Heed tSnBrggﬁfswﬁP&ﬁrcFﬁggfﬁ?%épnbéﬁﬁdérH§¥€ﬁ1%9XESﬁngs

40. subportions of each pixel (or subpixels), even if the
depth-buffering processing architecture (with or without
use: of span/subspan processing methodology) of the

20 aforementioned U.S. Pat. No. 4,825,391 is used. It
- should be understood that each item of information
processed is a signal word of electronic digital data.
While we may discuss these signals by shorthand
designations (e.g. corners, edges, polygons, etc.), we
25 nevertheless mean these terms to signify the data signals
used for each of these respective geometrical concepts
For instance, “corner” signifies the data word specifying
the two-dimensional pixel corner location, “edge” is the
data signal set representing the line of the associated
30 polygon edge, “polygon” means the digital data structure
equivalent of a particular polygon, etc. The end result
of the process is to provide a final sequence of video

-12-



The i mag Is formed of a rectangul ar array of R ,
arrangedwco\r’@ﬂkl cal colums (e.g. colums..., P- Pcz‘ng&qﬁL%

Plerr] 1, P+2 .) sequentially along horizontal lines (e.qg.
l'ines..., L 1, L, L+1, L+2,...) wth 5 horizontal edges E at

the | ower degEﬁga&boq Qélggihv%hgg or analo% 91d %ia%gé ﬁ£°mEach pi xel

next - hi gher - nu ered anne
can thus be 8igékad)pyhich can Cﬁvgerbhﬁlﬂ@lqramudcbhnansitjeefgnhe|on | t

wll be Seenlnd1v1dualtﬁikei@”@fptﬁé|§1d§&C@1§§l XRbahd L3 8 bs be

completely 10 ong gon ol ygon 36a§ and t hus have
only the attFFBHFégag?gtﬁﬁg 5%?§§B%d iki%tﬁ%r %??EY%r 20.° - have a
shard ng/ bl endi ng of th®hat extént esoodhpthural polygon, tﬁ@tYﬁ@ﬁﬁially

Wih ref of enggybs hGoubn COLAL MALEUSSHIVEAgy pixgb® 06 erm ned by

consi deration of the to process col or
i nf ormati on astraubuuﬁal1$ydeterm1ned Onstmﬁmbasnmsoﬁfthech pi xel (or

subpi xel s), eMeBrkéctién ox 1nter£@$%fbﬁ%”ﬁé¥&é@hF%ﬁ@eéé &y ﬁf E+éecture
met hod

(with or witho span processin ogy) of

Bl Phoindgr
the 20 PQ S?@ﬁeﬁ?ﬁ’oﬁ’éﬁ 1e8 goon® pracedure for
sholl d be undetermbﬂlngatheaphxelemtﬁﬁlbmﬁéﬁr&ﬂiﬁﬁhs way is @ESELHSEd is a

si gnal word onj c g i scuss these
si gnal s by s ?%E& 1 ﬂl tﬂé éﬁﬁ [ gnat | %lnfsl?% % S%%%?l\é\@ g%%g g‘b?)i ygons,
etc.), we 25 nev@?@ﬁé$bb3,nﬁ@na¢¢mﬁﬁanQ§rmuth)Eh;pnpyo¢®@uﬂb¢a

signal s 1neutU§§Qanig§@£§ &%etﬁfgﬁi&éﬁ; & Iggl concepts
For instance rner gni fi t he data wo specl t he
t wo- dlnen3|oﬁé?P ?Xeﬁpéﬁﬁn%9°¥§kﬁﬁ??ﬁ1°ﬁ 9% %@m;eaSt thregjat a si gnal

setly epr esenvengités of neacit  fiee assheiar asb e displépedgonriestee,
pg(r)![ iygalnarnggq %gx?}grg%:g'&%e LS é]t.i L%%&'r@o determln qwlhlghepncgll(r)gfor?
edges, any, cut one of the sequence of plxels forming
the dislay raster, and then the location of the cut along
the associated pixel edge is determined. The edge
20 crossing data signals for all polygons affecting each
pixel are stored on a per-pixel basis . in a frame buffer,
along with colorxr data for each of the polygons occupylng
any portion of that pixel. For each plxel to be
displayed, a constellation of several edges of selected
25 adjaceﬁt pixels are processed for resolving edge
relationships and mixing polygon color intensity data to
determine the final, observable color of each display
pixel. |
With reference to Figure 4, each pixel 50 is a
30 sample point that samples the polygon. The location
where the polygon edge crosses between adjacent pixel

sample points is computed. For each pixel sample point,

-13-



of the proc&&gm&@o prow de a final sequence of video PCT/US00/19523
-12- signals (digital video, or analog video derived from

digital) which can cause the color and intensity. of the i ndi vi dual
pi xel s of the video display rneans 18 to be il lum.nated and

rendered visilk & tﬁp'aﬂ)é@g Veflﬁ&. ahd bottom ec}ge chgg Xt ent%é‘?'ﬂ\,\@?ﬁnal

pol ygon, t hat covers con
pi xel Hitthe RS HOP r¥E rmycmﬁ Hehe et oplxqz:e sample

i ntersection @oink craestdns heiypmy the edaesedfad h@overed wxﬁleﬁ' ygon and
t he pixel boundari es, C‘? 1‘ge‘eoc dure for 10 determnin I xel
attributes in “Eefﬁrésv%a R ERR covers, 9x, Liegsen; ntl?%eadjacent

abovesi dent i f igeiicdl Sarislte o668, M) example in Figure 4 Gen@rﬁibht in

accordance wt r , t. dat are,_provi.ded
characterizin é%#ﬁfné’ é)é;a‘?dj%dle % eaquspaceiée%:uor%l%%fe rg? a%‘ﬁl?ﬁ f0fleast
three 15 wtlefars oty f%zire ot yeho lowere xigipt qyixel s"auaple

this vertex dPH A wihild 288 £ gRdEdE oWk &l Pol ygon edges, if
any, cut one of the sequence of_ Pl xel s_formn t he dislay raster,

and then the location ofEd%k RAYIARfge can q’etﬁ‘ka%%%cﬁ%twtprxel edge
i s ddDer ni ned. aﬂ&aﬂ,g&:»ﬁ(hot antﬂmsdm.datm@,gr@ééhf 1ﬁénp8li§80n5

af fecting each d. on a per-pixel _basis rame
buffer, can eonfgla\I/ég%fcoﬁa I nJeJa%ﬁg ‘%‘f ﬁ'e tp"b’r?g’ﬁ‘ﬁé ocE Byi ng
any portlon oqulhea‘mpledge :eorareazcralmaaad tif peesh anti-allispimgeils a
constel | ati on gfarkaeerfdr Q448 Yo BRI I&ibe crossing of the pixel

sample point, and the edge is not shared with another

~

15 polygon, and the edge is flagged as anti-aliased. If
mesh anti-aliasing is disabled, the edge is anti-aliased
unless the edge is flagged as not anti-aliased.

If the pixel is part of an image rather than a
polygon, the pixel is flagged as conditionally anti-

20 aliased. 1In this case, if a polygon edge lies on the
image, the polygon edge is anti-aliased with the image;
otherwise, the image is not anti-aliased.

When using alpha buffer operations (source and
destination blend modes) that blend the color in the

25 frame buffer (destination) with the color that is being
put in the frame buffer (source), the edge crossings are
combined as follows:

The alpha buffer blend equation is: blend
factor,* source pixel+blend factor,*destination pixel.

30 If the blend factor, is zero, the source pixel has no
edge crossings. If the blend factor, is zero, the
destination pixel has no edge crossings. If the source
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acent pi xel s are processed for resolving edge . -
reI ati onsw(*) m xi ng pol ygon color intensity data to PCT/USO019323 o1 i e
the final, observable col or of each displ ay pi xel
Wth reference to Fi gure 4, each pixel 50 is a 30 sanpl e poi nt that
sanpl es the polygon The | ocation where the polygon edge crosses
bet ween adj &RtfRl AH@|the destinatign é’lﬁ@lntd@ inptedwpie eeflgdor each pi xel
sanpl e pOlnter0551ngs, nothlng 1s done. If the sourcéjblxel has ed
atop, left, and om ecro.ssm |s co ut ed (ﬁ t he
edge crossi Ny~ ‘?%s haalf‘ﬂ >§ S nQfyi rfthe (SRURGRYe
crossing is ;Bize@]geeid@s cmmndgsv\/ram used If e sdurade tgiekdlo! Jeg

. { |
B Gure o AE5Hve (A58 Ulingd eng uill e HI PRl dfa @ ©

sarrpl e poi ntth%tr@PStlnatlon texelefedas eraseg ey us usesJ ok trhght pi xel

[S)glnelggn edges%%%wlﬁxwmﬁ Qg&éé = ﬁfgé:O\éque?:elllseeddesotrlnnaor’tloannti al i Eggg
Al so, each rf‘f eé’sg well rﬁ%’é'qﬁ é@’é’e@%%%tﬁ%% &KE In

thi s node, tdma:ss:.ngs ar@cdwmge&iige is anti-aliased if nmesh anti-aliasing

S enabl ed f v r 0SS| e
sarrlr())l e poi nt and theofe geeecg e %'ltélsgﬁcwiglrggg:%\?\ﬁ F ézsﬁ’o sﬁé]etoo g Igygon and
t he edge is Bitgdeal &kt aknte dilheaiéﬁime buffer as mﬁesiatmﬁ |1ralh1'55| ng is

di sabl ed, thgees Spﬁﬁfeag | ased : - unl ess the edge is flagged as

not antl-allased < :
The crossing flags, if set, indicate that there

is an edge crossing, ‘and if not set, indicates that the
15 polygon lies on the adjeeeﬁt pixels. '
If mesh anti-aliasing is desired, nine bits are
needed, otherwise, eight bits are needed. The mesh flag
- can replace the LSB of the blue color in the frame
buffer. This Will'have'the_ieast impact on the image.
20 The divide by 3 can be approximated. The edge crossings
may be stored in the frame buffer in the alpha component.
This restricts any blend mode that uses destination
" alpha. ' ' |
The edge crossing data is read from the frame
25 buffer during output time. The encoded edge crossing
data can then be decoded back into the original edge
crossing data.
With reference to Figure 6, four adjacent pixel
sample points 50a, 50b, 50c and 504 are fetched from the
30 frame buffer. These pixel sample points become the four
corners of a pixel. Eaéh:Sample point has four edge
crossings and several flags. The edge crossings from
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I f the .pi X%ohﬁo@ t of an-inmage ratj'hgéilr':_“ft_han_ a pol yFEi‘msM)ﬁij xel
I'T a

is flagged as conditionally anti- 200 .. - aliased. |In this case,
pol ygon edge lies on the I mage, 't he pol ygon edge is anti-aliased
with the inmage; otherwi se, the image is not anti-aliased.

When using al bytef 0 [ o] n tination blend
modes) t hat bﬁgﬁé‘ Ft‘ﬁge%%gl %?k?%tgﬁg'pgg ngﬁtgf.ggr?erﬁus é’reqf}éjst 1 i%Bn) with
the col or thafipgleepAge crossingpfipri gache sidenethitieepitedur cdlor the edge
Crossings areexample, tBenébpedest HekeIWaample point 50a has_é”#igﬂ@ha
buf fer bl end eguathon |s:dplgndt . fac? r%err * soqrcesflxe end
fact or d*dest | FAPEEATS x8P 5§ top right,pigel, af"z?b‘teotﬁ%r‘tt] Cb has athe
sour c® pi xel heftnerossing. &lHgeectwesccrossinh bhre heamrd Veatttey [y i S
zero, the st Ls l.xe a .adg QsSsings., I f the source
-14- one edQ% Ekﬁi&%ﬁga%g§t ggdggpg%ggi%gcplfépé%flﬁot have edge
crossings, nothing is d&he rulest fersedoeerpspdutian edge as follows:
crossings, and the deStEﬁaEanaﬁyxﬁhx@Qe§a&Pﬁe EB&niQU@ﬂ% mesh flad%f!
edge crossings are used, If the Source pixel doés,K 5 not have edge
crossings, anB°Eh&efestPRB: F6HeFExBP BESk anti-aliasdmg-destination pi xel
edgel®rossi ngs are usedForl Batheside of theophigelpi xelldrds te@gawy 0SSi ngs,

and the destigg&bgg ointg. Pixel does as well, the source and destination
pi xel edge 8r033|ngs are aver aged.
i) If there is one edge crossing, then set

the valid edge crossing flag to zero, and set the edge
crossing flag to a default value(.5).

15 ii) TIf there is one edge crossing from sample
point A, and no edge crossing from the other sample
point, then set the valid edge crossing flag to one, and
set edge crossing equal to the edge crossing of sample
point A. _ .

20 iii) If there are two edge crossings and no
mesh anti-aliasing, then set the valid edge crossing flag
to one, and the edge crossing is the average of the 2
edge crossings.

iv) If there are two edge crossings and mesh

25 anti-aliasing, then set the valid edge crossing flag to
zero, and set the edge crossing flag to the default value
(.5).

If the pixel is to be anti-aliased, the pixel
corner colors must be blended together as follows:

30 Note that edge crossings are scaled between 0
and 1.0 and increase numerically from left to right and
from top to bottom.

-16-



10 The edge crossing can be conpressed to 8 or 9 .

bits to fWD0LE64s0t he frame buffer as indicated in the PCT/USTUi19523 of

Fi gure 5. The crossing flags, if set, indicate that

t here is an edge crossing, and if not set, indicates that the 15
pol ygon lies on the adjacent pixels. I f mesh
anti-aliasing is desirgfl, nifiethetspper left plxelmﬁﬁhph opbEtv B8, ei ght
bits are nee e £0 e L SB, t he bl ue
color in thegig%?r;e_a 288 gll‘ggf?haszﬁﬁ h%@fe %ht%%a%% X¢}hpact on the

i mage. 20 samp¥acpaintdcaby @mﬁtbeaammmwlyﬁmtedghasmsu ngs

may be storegdyi ﬂftﬁﬁefréaﬁﬁe%f@éli@ ééife %ﬁ@sﬁ%@q}?&‘ttﬁm mesh Thi's
restricts an blenﬂéno e that uses: destlnatlon ' ha

The *dge cr oSRFhFR4LREIRE “I'?oﬁ’ﬁ‘fh then fthe pixel c‘b]cF?JFe*S del® ng out put
time. The ecﬁbdtdoﬁdghecuppernigeft p:Lxel sb:ﬁpwagsbixhen be decoded back

into the original edge, S
reference to Figure 6, l%ourI%d?%%%én)tg gz Afta eage SHEPTEIEF iR %%% 50b,

50c and 50d piveletthen COMPHEscABER accordxmmmh@rfolrm pi xel sanple

poi nts becong,ibg. f our corners of a pixel. Each sanple point has
fou):p edge crossi ngs. and several flags. The edge crossings from
eactt of the pixel sanple points are resolved to forma si ngl e edge

crossing forrgécdpstdeseing heapl&eand Rosttom cross@MEAEid) hecheaw | eft
D Xel sampl e boini SorPaZ Gt Srea yy s (RAEINAD RN ANELPR (O
are resolved to form Area tr = Area br = ¥ - Area_tl
. If (right crossing valid and left crossing valid), then
15 Area_tl = Area_tr = (right xing+left_xing)4
Area_bl = Area br = % - Area_tl _
. If (top crossing Galid:and'left crossing.valid), then
Area_ti = (top xing*left_xing)/2
Area_bl = Area_ tr = Area_br = (1- Area tl)/3
20 If (top crossing valid and right crossing valld), then
Area_tr = ((1l-top xing)*right xing)/2
Area_bl = Area_tl = Area_br = (1-Area_tr)/3
If (bot crossing valid and left crossing valid), then
Area;bl = (bot xing*(i-left_xing))/z
25 ' Area br = Area_tr = Area_tl=(l-Area bl)/3 |
If (bot crossing valid and right crossing valid), then
Area br = (bot xing*(l-right xing))/2
Area_bl=Area_tr=Area_tl=(l-Area_br)/3
Else _ - :
30 Area_ tl=(top xing+left xing)/4
Area_ tr=(1-top xing+right xing)/4
Area bl=(1l-bot xing+left xing) /4

-17-



one: edge c(ra‘ﬁéz’wg?hor the topside of the p-_l _Xel . PFF/(%SMIBES

rul es for l'ution are as folloms , any
pi xel sanple point, the nesh flagis @~ * not set, then select no nesh
anti-aliasing. 10 For each side of the pixel, select the

t wo sanpl e poi . er,e 1s one edge
crossing, then set El'tr%“a"%)ﬁe aFoé xa gd crgé |ng&;P§g ﬁb zero, and set

t he edge crossing flag to a default val ue(.5). 15

ii) If therephs Qﬂﬁaqd%Qeﬁﬁéasb’iﬂeﬁr @B SFRLE det drmined Pylere and no
edge crossing from.the other sanple point, then set the valid edge
crossing fl ag®@a&Aonand set edge crossing equal to the edge
crossy ng of seppbe = top lefpophikeld. cd@iner color * Areaiﬂﬂ)+lﬁo§fﬁﬂghtafe

two edge CFOSBFP%% %%ghgg c°}8ro* Aggaht?ntl |Ia% J%%S?s se the val i d

edge crossing ne, and the edde c average of
the 2 codoge *cAregibds+ bot right pixel cormer Idolichere Aarem_thao  edge
crossings and nmesh 25 yitn 2@FerahkasiBorigiel 7! ;th% valj & &La$S! ng
flag to zerg, and set the edge crossing to the defaul t val ue
(.5). subpixels PeFfpﬁﬁélpﬁﬁeﬁrﬁsdﬁ§15@daﬁﬁr qtdsd sanrd ifigel

cornpy col orsurtusplb:elblreedzledtﬁogetbnr bas ihelreawsd ¥ a factcclar of 4, Note
t hat edge crogsiyn r e nd increase
U5 TR R S SRS ESTRHEEE Somtson e Lo M

nunerically froml
-16- down to the dlsplay resolution.

Subpixel 11, 12, 21, and 22 are the subpixels
that lie on the pixel to be displayed. The surrounding
15 twelve subpixels are fetched, then a convolution filter
is used to compute the pixel color according to the '
equation:

pixel color = W( subpixel | | +subpixel 12 + subpixel 21 + subpixel 22 )

20 | -4
- W)( all other subptxels )
12
25 If the weight W is 1.0, then no surrounding

subpixels are used. If W is .75, then a pyramid shaped
filter is produced. If W is .5, then a uniform filter is
produced.
While it is apparent that the invention herein
30 ?isclosed is well calculated to fulfill the objects
previously stated, it will be appreciated that numerous
modifications and embodiments may be devised by those

-18-



i) If the upper left pixel sanple point is flagged as no

anti-ali MP9%06460 it al| of the pixel sanpl e poi rﬁ%T’HF@“W’égged as
conditionally anti-aliased, or if there are no valid edge
crossings and the nesh 5 antl -aliasing flag is set, then the pixel
color is the of the upper left pixel sanple point.

ii) If there ﬁi?’el]Qe@a}IF dtré%lg%r‘br d nigs i imtended that piheelappdiated
conpute area asrHimk NEov&r tamel fﬂléltp\dﬁd‘ﬁ.flcatlons ra‘ﬂc?%mk;&lments as, | f(top.

cr033| ng vall d bot.t.om cross va.ll t he Areat| +
Areabl = al;}ll é} ?%Fg .1 'and scope °fAr’~'@£ Presgdaphr = -

Areatl 1nvefr(tucgh-t crossing valid and left crossing valid), then 15

Area tl = Areatr = (right xing+left xing)4 Area bl =

Area br = [err] - Area tl If(top.crossing valid and | eft crossing

valid), then Area tl = (top xing*leftxing)/2

Area bl = Areatr = Areabr = (1-Areatl)/3 20 I f(top crossing valid and

right crossing valid), then : Areatr = ((l-top xing)*right

xing)/2 Area bl = Areatl = Areabr = (1-Areatr)/3

| f (bot cr ossing valid and left crossing vali d) t hen

Ar eabl (bot xing*(1l-left xing))/2 25 : Areabr = Areatr =

Ar eat | —(I Areabl)/3 | f (bot crossing vaI id and right crossing

valid), then Area br = (bot xing*(1-right xing))/2

Areabl =Area tr=Areatl =(1-Area_br)/3 El se 30

Areatl =(top xing+l eft xing)/4 Area tr=(l-top xing+right

xing)/4 Ar eabl (1 bot xing+l eft xing)/4

-10-



-17- T ing - right
The fi nal b‘f"é’r?é@é“& xel color is mmmmm@um“‘ﬂe ggfgﬁ"g’g?m5
Color = top left pixel corner co ¢ s txLOp right pi xe
- corner color * Areatr + bot |eft pixel corner color * Area_ bl +
bot right pixel corner color * Areabr Wth reference to
- Figure 7, if 2 x 2 S buffered subpi xel s per pixel 60 are desired
for better sanpling, 10 t he pi xelCLAEME uti on can be increased by a

factor of 4, 1. A methéad f&fnusePostalbbhpaté2 sRRbbegdeharhthibar the
- pixels Subpi xel

down to the display resolution.
11, 12, 21, aﬂﬁsﬁﬁmaygefﬁéns%%%$?%¥§ are glsPl?ﬁﬁ? PRe2BnafRe@YpPfel to be
di spayed. Theizelspufidinegnddding dataetepresbptingsiacterketeheds blien a
convol U1 on f{hdchoryqons andScHa Skt §OrPHb Sl Dok KohpEEbThgRoCor 0 1010
subpi xel 21 + subpi xel Pgcedping input data signals characterizing a4
(I - Wall gébesfsesfrdthstes of each of at least three vertices of
each polygon to be displayed, each different pair of the
10 vertices of each polygon defining a different edge of the
polygon;
generating, responsive to the received vertex
data signals, edge data signals describing the
intersection, if any, of the polygon edges with each
15 pixel to be displayed, and wherein the generating step
includes
for each pixel to be displayed
i) identifying in a first field of one of the
edge data signals, and . for each side of the pixel,
20 whether or not the edges of a selected one of the
polygons intersect said side of the pixel, and
ii) if the edges of the selected polygon
intersects any side of the pixel, storing, in a second
field of said one of the edge data signals, an estimate
25 of the location along the side or sides of the pixel at
which the polygon edges intersect the pixel side.

2. A method according to Claim 1, wherein, the storing
step includes the step of

30 if the edges of the selected polygon intersect
two sides of the pixel, then

-20-



25 If the me then no surroundl%%
subpi xel AP, | wis mﬁuﬂ d shaped FPCE 009523 o -
produced. If Wis .5, then a.unufom pr oduced.

Wiile it is apparent that the invention hereln 30 di scl osed is well
calculated to fulfill the obj ects . previously stated, it will be
appreci ated that numeklouEtoring in anfdigstc ubfielsh e tthalisngans may be

devi sed by #iWE® an estimatskidf athd Miidtamid aldng a iSddd idaghidat the
appended cla| ver such dlfléatlo and enbodkﬂfnts as fall within

the true spi"qtS ’a‘ﬂ%ss %p@%fp‘t #ojygon edges

intersect said first 51de, and

5 ii) storing in a second subfield of the second
field an estlmate of the dlstance along a second of said
two sides of the pixel at whlch the polygcn edges
intersect said second 51de._

10 3. A method accOrding to Claim 2, wherein:
the second field consists of'a”predetermined
number of bit locations; '
the first subfield consists of one half of said
predetermined number of bit locations; and
15 the second subfield also consists of one half
of said predetermined number of bit locations.

4. A method according to Claim 2, wherein:
the second field consists of four bit
20 locations; ' '
the first subfield consists of a first and a
‘second of said four bit locdtions; and
the second subfield consists of a thlrd and a
fourth of said four bit 1ocatlons
25
S. A method according to Claim 1, wherein the storing
step includes the step of:
if the edges of the selected polygon intersect
three sides of the pixel, then '
30 storiﬁg in the second field an average of the
distances along said three sides of the pixel at which
the polygon edges intersect said three sides.

21-
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6. A method according to Claim 1, wherein the storing
step includes the step of:

if the edges of the selectéatbolygon intersect
four sides of the pixel, then

storing in the second field an average of the
distances along said four sides of the pixel at which the
polygon edges intersect said four sides.

7. A apbaratus, for use in a computer image generation
system wherein polygons are displayed on an array of
pixels, for encoding data représenting intersections of
the polygons and the pixels, the apparatus comprising:

means for receiving input data signals
characterizing a set of coordinates of each of at least
three vertices of each polygon to be displayed, each
different pair of the vertices of each polygon defining a
different edge of the polygon;

means for generating, responsive to the
received vertex data signals, edge data signals
describing the intersection, if any, of the polygon edges
with each pixel to be displayed, and wherein the
generating means includes

i) means to identify, for each pixel to be
displayed, in a first field of one of the edge data
signals, and for each side of the pixel, whether or not
the edges of a selected one of the polygons intersect
said side of the pixel, and

ii) means to store in a second field of said
one of the edge data signals, and if the edges of the
selected polygon intersect any side of the pixel, an
estimate of the location along the side or sides of the

22.



CLAI M5 1. Anethod, for use in a conputer | mage generati-on . .
Syst em WWO®iM6460| ygons ar e d| ﬂl ﬂﬂu) ay of 5  PCT/UBOMOFE, for |
encodi ng data representing int Hﬂ"ﬂ"lﬁﬂn the pol ygons and the

pi xel s, the method conpri sing: recei ving input data
signal s characterizing a set of coordi nates of each of at |east
three vertipéxedfat which thacholviggoedyes bintéspéal ethe epikedi fferent
pair of theglfe. vertices of each polygon defining a different edge of
t he pol ygon; generating, responsive to the
recei ved vertex data signals, edge data signals describing the

ijntelrseCEji oa Aﬁ apparatx?]shecwfagzw eslgeBa v th, edsdrdin 't(:jhe m@angl to be

i spl aye [e n i udes

forfeach p| ?@gﬁeigcguﬁgg G809 $tSPe 1n firgs ?%én?????ﬂg ina first
field of oneubflehés of the Sedg@ddéialéigmads;fahmef@dgeschfsthe of the
pixel, 20  ge1ectBElps dy&én”%té?ﬁe@ﬁ'g@vﬁ Oélé’eéeéfcﬁl’?g Pigepf the

polygons i ntersect sai i xe i) if
the edges oPStHBatEfcef ebRPoliHERAn Ces al°n91h¥%$%%%¥%v%%¥os?d%l§$tthe

pi xel , storafng, ai BeBoi@CONUsaid two sides obﬂftts@plne@s &t Mi)ﬂcl@dgﬁedata
Si als, an_e tion a Sld si des of

t he” pi xel aPofygon edgﬁﬂl%ﬂt?ﬁ%e%%I§%%§ ?%?ng%%gfdtﬁ% %?Xel si de.

2. A nethod according to Caim1l, wherein, the storing step
i ncl udes the step of 30 if the edges of the selected

pol ygon intersect - two sides of thelglxel t hen
- 20- 9. An apparatus according to Clai , wherein:

the second field consists of a predetermined
15 number of bit locations;
the first subfield consists of one hHalf of said
predetermined number of bit locations; and |
the second subfield also consists of one half
of said predetermined number of bit locations. ' ;

20
10. An apparatus according to Claim 7, wherein:
the second field consists of four bit
locations;
the first subfield consists of a first and a
25 second of said four bit locations; and
the second subfield consists of a third and a
fourth of said four bit locations.
11. An apparatus according to Claim 6, wherein the
30 storing means includes means to store in the second

field, and if the edges of the selected polygon intersect
three sides of the pixel, an average of the distances

.23



i) .storing st subfiel field hé/f9ReE of
the di stan(%oaﬁ?){#g&a first of m l !ﬁ ﬂ si des of theﬁg}l@gl at whi ch
t he pol ygon edges intersect . ; S|de and 5

ii) storing in a second subfield of the second field an estimte

of the distanceg al on

d_of . i d h |
whi ch the pol $38R%e8 ég ehzdd s?.de% Es% £ g%ﬁcaltswg'o;f lgﬁdg{‘et p%& Ig)‘(’% at'

A net hod accoedgeg tot€rsent2sadfietbrae sides. the second field
consists of a predeterm ned. ‘nunber of bit :l'ocations;
the first subfield consists of one half of said pr edet er m ned

nunber of bitlRechRi BRBargkHs1gccording to Claim; fe WBEERANSEBEi el d al so

lconSIsstS of ostobdhly means inclfidesi sleanedebesgbpedinugher setohat
ocat 1 ons.

the second flgf‘ﬁlg‘C)n?flét% gﬁ%ggggggcggdgﬁg 581?8?85] %ﬁ%%%n intersect

the first subfoerdsidesi ofsthe pikelst amndverage of thecdadtahcesi d f our
bit |ocationsz;gng sa?.d four fldes o{:OEﬂS ﬁ@ﬁ@ﬂdaﬁUQB&‘éhdgﬁ%nEbigf@og{s a

third and a ourt ur bit locations
met hod accor dFﬁgeFoléFS'Fﬁf-‘ft ﬁﬁéffief-ﬁufhﬁlgﬁﬁrl ng step incl udes the
step of:

24-



if the edges of the selected polygon intersect three sides of the
pi xel the'%véguoa‘teo storing in the second field %’%ﬁﬁlﬁgﬁ30f :
t IC

t he ~distances along said three sides of the pixel a

t he pol ygon edges intersect said three sides.

-21- 6. A method according to Caim1, wherein the
storing step includes the step of: if the edges
of the sel ected polygon intersec ' four sides of the pixel, then 5
storing in the second field an d%é}éﬁelof t he P di stances al ong said
four sides of the pixel at which the pol ygon edges intersect

7., A apparatus, for use in a conputer inage
SySTErmeket ei n pol ygons are displayed on an array of

sai d, f our si es.
generati on

pi xel s, for encodi hga¥hedaer lePr +Rt ersections of . -the
polygons_anﬂ t he pixetrss %%"_jppﬁﬁ%ﬁachcﬁﬁﬁ %i ng: _ Y " means:
for receivi 6 i nput data signalstisassembBLy| characteri zing a t of -
coordin IE?%%:KE i T ®ach pol ygon to
be di spll GGNSROLEERtY— SEOMETRY -ffpi,;%s" Sopal @MYL each pol ygon
defini.n } means

for generéting, responsi vg)to the 6 ata signals,
edge data signal s

22~ " |npPOT
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20 - . describing the intersection, if any, of the pol ygon

edges
with each pVOMO4§0se di spl ayed, and wherein the geﬁ&’%ﬁ“?@%ans
i ncl udes i) neans to identify, for each pixel to be
di splayed, in a first field of one of the edge data 25 signals, and
for each side of the pixel, whether or not t he edges of a selected
one of the pol ygonsd ntersect said side of the pixel, and
ii) means to st n a second field of said one of the edge data
signal s, a§d edgﬁs of the 30 sel ect ed pol ygon intersect any

side of the pi an estimate of the | ocation along the side or
si des of the o QJ 22-

pi xel at whi c® t he Yol ygon edges intersect the pixel, si de.

8. An apparatus accoxding to Claim?7, wherein the @ans 5 to store
i ncludes neans to stoxe in first and second =~ subfields of the
second field, and if twe-Edges of the sel ket ed pol ygon i ntersect
two sides of the pixel, \g esti mates of the distances al ong,

respectively, a first and a second of said two sides of the pixe

at which the 10 pol ygon ggges intersect said first and second sides.
b o
g -
= 3 [ Y
\ : E
\—-P -
X
£
o\
a
<
"
A
«
n

——]

b 1
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9. An app
second fi
nunber of

| ocati ons.

the second field consists of f
the first subfield consists of

HGolticedy

bi t
20

cording to Claim8, wherein
sts of a predeterm ned 15

the first subfield consists of one half of said
| ocati ons;
consi sts of one half

the

ofPCIVESODALAS | ONS;
pr edet er mi ned
t he second subfield al so

of said predeterm ned nunber of bit
10. An apparatus according-to Claim?7, wherein:
| ocations;

second of said four

nunber

and

|
ir:a and a 25

bit |ocations; and the second sybfy nsists of a
third andja o ikmdo f.osgj d (Ebidh blw b_ogz?at cinr\ﬁ:l(ﬁj' 2P '11. -An
appar at us, ’ ! +2) 4t BP6Bg neans incl udes
means to gtore in N é% and i f the &igés of the
sel ect ed pol ygon i nigPOI6{,~, t jes of | xel , an aver age of
t he distaﬂcegg ,/;/;C < 4 L i P'” k
al ong sai @l i-hPe) glgEsPol jE- pIPA (alt-' Rth! chiit h&+gdl Yoppee
- V2 -ONE (=1
/5 PIXEL POLYGON
- W\ - % 36b —~[LINEL
v AUFEINNNLANNPEE AR | ence
///m 7222177723 I
‘OTHER
\ POLYGON _f{ INE(L+1)
(iL+L,P-2) [iLel,P-1) HLANP)LY [ h,Pe1 ) HL4,P+2) | EDGE
(2,P-2) [t 2,P-1] iILr2,\)  [(L+2,P+1) [IL+2,P+2) [(E+1)
P y3 ——LINE
{L+2)
(L-l,/PHJ
a0l tELPD (=N -~ FOoE(E-21
VYR ST ' 39d -39 _
Pl o390 LINE(L-1)
—D1(LIP)
L ~ = -
kbgfL [ﬁ s \RCR y, | EDGE ( E-1)
L Dy (L,P+1) LINE L
\5 v EDGE E
Ch
(P ER|,, . 320 v2 LINE (L+1)
(L], P}, [L-+,P+])
EDGE(E+1)
FIG 3b
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: Claim 6,

edges i__nt m&ﬁlﬂa‘? d three si des. . 12 An appar at us é’iﬁ%ﬂﬂiﬁﬂsto

_ - storing neans includes neans to store Inth

- second fleld and if the edges of the sel ected pol ygon intersect
four sides of the pixel, an average of the distances al ong said
four sides of the pixel at which the pol ygon edges intersect said
four sides.

FIG. 4
' edge crossing resolve edge
pixel : . crossing to 1 edge
sarr?p,I[e o : crossing for each
poin : : ixel side
i . 50~ pixel side
............ & forpen . 5
Py EEREEEE EEERY ARt cn
soa . i~ 50)b >?
o ¥ pixel -
------------ Y SR VRN |
b_Oc,/E ~ Sod 5'0/ l 4 50
FIG. 6
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FIG. 5

Top Dot chfl_ Right J .ul;,e crossing Mesh | description

Crossing] Crossing| Crossing| Crossing] <4 bils> flag

Flag _(Fag  fViag \Flwg 8 ] .

0 0 ) 0 X No .lml .Jlmsm_l,

Q0 0 0 ] 0 X _'Lumlum {ly no andi- all.lsma _
0 0 0 0 2 | mesh | Anti-ulinsing

0 0 0 0 307 __ __ jmoesh | spare. R

O (o o[V Rightxieg ] mesh| Right cossing.

0 0 [ _|e .| Left xing mesh | Velierossing

0 0 | Left__ |vmm__ | wesh | 2 bits of left ang |gln xing
0 ] O 10 1Duttom xing | mesh Bmlmn crossing
IO O T UM I 7" T T T .

0 1 ] 10 Lel hot [ mesh 2hits gnflg!\_ﬂg«_l_lmg xing
0 ) 1 L {Right + feht + batyd _mr_:;!n Avengc of crossings

k! 010 o L Yonxieg ) weshi Top crossing

| 0 1] i wp Tight mesh | 2 Lits of lop and n_;,hl xmb
| 0 i ) Lefl top mesh | 2 bits of left am top, xing
A 0 11 1 {left + top + rightyf3 wicsh | Avcrage q!_' crossings
Aot e e bt st ) 2 bits af o amd but xing
N2 VT TR T top ol vight)3 | mesh | Average of crossings

Al ! ! 07 opthot +ich)3 | mesh | Averaue of crossings
A ) (lefit right Hopi batyd | wesh | Average of crossings

Table 1. Encoding edge crossings
60 FIG. 7
)

Sih- sub- sulr swly

pixet 00 { pixel Q1 | pinel 02 | pixel 03

sulbye sub- sub- siub- 69 .

pixed 10 | pixet 11 | pined 12 | pixed 13 ) "\

[— -'-‘ l.'ﬂ l;ll-li;;n filtes S et

suh- sith- sl sub- l .

pixel 20 | pixed 21 § pixel 22 | pixet 23

suby- sub- stib- siby-

pixe! 30 | pixel 31 | pixel 32 { pixel 33
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