";e3ec™.aRnac6: cTc_| C 23 AUR002 | MPROVED S- BUEFER ANTI - ALl ASI NG METHCD
FI ELD'CF THE | NVENTI'ON This invention rel ates “MHMMMHWM mage 5 23 AUG 2002
.generation (ClG systens, and, nore particul ar 'f | col or

determ nation neans for use in a display processor*ang*to novel nethods for
processi ng i mage date describing object faces, for display of
two-dinrensiorlal represeysRigveRs sQBUrIORe AMRIICHTT AdY NG MaRtdh T 1 magi ng

| U system BACKGROUND OF"THE TNVENTTON Real -tine conput €r 1 nmage systens are
bei ng designed to provide realistic inmage reproduction for a |5 variety of
vi deo graphic systens, such as vifd&dDy é”%ﬁ&”\)’l% ai ni ng and

simul ation devices. |n these SysiRithor trdistedy Y AdEIBaged Usndge provi de
the user with video di.splay al i s In a typical real-ti conput er _i mage
20 genir ation @f&e&#lsf%cﬂ(cgscsa e Sgar‘?’len,cy’i age eanretrla(ﬁnganrl%' done™in

t hree sequent i alovetlages:orCeitreginligrat iGapmsans Frgtessorin andd Digphay
Processor. Each . Qf-ddiese 4 6@ RIRASHAMhHAIRY Yr@dd Ons Brede VRE KA

i ndependently On data representating of or corresponding to one of three 25

consecutive scEFESHYIRY AREY ERBacH Vi FATEIE YorFe &7 Ty LR BFEe ot
secti ons procesegsedaint a¥iohsSeesd Mmgedwy im fd xedh 14 tive Whhahingy be

eitheLoa field tirremof 16.67 mlliseconds or a frane tinme of 33.3 .
m | liSeconds, ﬁé'l%ﬁy‘ the former. These particular field 3U .and frane
times corresponds to those of a typical television format display, i.e

two interlaced fields per frangwdgodith rdy FERMBSvReriGEcond. 23 AIG
2002 For each tine interval, all three processors are kept busg/ so that,

at any given tinme, the prGCesS<orE SOERNGK MY3ST HEE Lot Yeenes.
Each section pdecdsses itrpgirovane: gerdriattds dutaust s euradigetthen Sfonter val ,
so data flows I h ; e i u hal g ey f h
cont rEﬂaI er, to%@%&o%}ff;}wﬁﬁ’o%@gﬁ% gﬁ/fte?]ﬁ E‘)Jd{rﬁea Di sp a?/ érH(T)@(izées%cl)(ri.
The conput at i oVdde0&F Fifihe ad SHMERSAPT K VEFEaS -al i Zed fr e esgdFemS,
sections, new sgenes RevdintRlyes el b rfrifdeelttheouddang ¢ neiqeyen

t hough the resul.ts _are delayed three field or frame tines. For exanple, in
a video gane tRACPIAYUTERSS ST f1ight system user, or player, inputs are
recei ved by the Control | an aangpdafdadr re@ilng ipreocesged eeedientd al |y by 15

t he troller . try.. Proc ro_an i.SRl ay _Proc 0 t is
sent Cg(g a col o?e%l%gﬁg%%e\ﬁ})d’éégmdi %’p%glys?%’o%sgrl\?%ﬁj ﬁ?l'r[eﬁe%ﬁaa({/éerég}%ég%g a
seen by the pl apedosicarits tduyecasesiugpitd adomtade s npHon tapspll h8d t@rauetry

envi ronnent  defpiBickls@d raN@ s raepient ed dR diiote! Wadep 20 HSH @hree
information. In the cqontroller, the player |nputhf are used to calculate the
new position aRdCGESERTE FERIEE e SEHCRe § 34T T T HISREFIUM 1 hi Q! a
mat hemat i cal r dhati orepresent aits ngalofuloat e rareatporsi iuged o erireotat eclobject s

fron]ﬁireferen%%n%@%h@ﬁ@%t%c%%%EGQBtb% displayed. Each 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
: milliseconds, usually the former. These particular field
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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" 25 display coordinate system Qher information dealing with the ai}3ngg100?
vmth st'he position of targets and a with other aircraft is also cal cul ated
in the Controller. Ire sone applications) the Controller is a general
pur pose conputer. 30 , The CGeonetry Processor reads, from a database,
descriptions of objects that ar potentl aII VI sr l}zl n the stored
t hr ee- di mensi onal di git a9 g N &ﬁltc?f é%ﬁf@ 202t He Scene,

and the obj ect axih&iepar e)trseacioartelarmt aitdey’]tgl\tﬁrSFﬂlar)e CQQﬂéllgﬂﬁcb@éssléi 89

the rotation matrices calculat%g d ntroll ! htgcge L}/ Pr ocessor
mat hemat i cal | y 2o @& td Th&™ P& i r?é’r?stl or?alscc?ét rf ont8' B! tHe”

t wo- di nensi onabrdicepglsay \inpdds. anid ogecheixtaters, ctttt@tf.aei)rcbtzrmg?r@wssor

cal culates (as of h t he l,J C C rein

front %‘r behi n&plréflégrte"lr%ér Se%b(a%%t%s ftainaj sttg%reouiihltsﬂe:(ﬁct)'hfrgrﬁgat%ko éﬁ'ﬁ %§p€l ority
list. 1(J Eachsequuet:ltt1|§\rlotnz:«@@e;ﬂe\t ifgogo sl e tafoliledi vitdudihe deeie wher e

each face is iprbheskerm efndpctlméglortobczmd@ﬂé@magx s fdges.fhe priority
| i st contains the order, of i int the first. face in

SC
the list as thEOH‘Pdﬁéﬁmﬁﬁ’"‘l 0 ﬂ‘%? flzfcegprfr‘? Ioutt r?é“ct”é%tﬂteacsé’?cnlat]rfez st as
t he I'owest pri prictyskace seicnaser riewo staces owaer bep dmsptlma/&:ﬁ spldy, the
hi gheyy priority;tage w leh-he wlﬁrebl %ve"ﬁn‘éhtolfh%tﬁ QRN IOl stytféctee ydqbe
obscured Last i:} the Geonetry Processor cal cul ates the I splay en p0| nts
for the edges thaee26iBddn@rt A&atfoLdMPensi onal faces, and al so cal cul ates

the coefficients of the bb&ee&qu\%meqnant Raty idRSC Halr tthese émurtcacr@ egdges.
ei ves the twodi,nensional face descri al ong

The Display Pr

W th addi £} onaf LFHBE PUFLERY GREZ Rl BUBY SR ARG RS G d U U - dat o
describing to aheolontdiodpleay each afiteed henrrgh@rmwedzaﬁqmtmraldiyspbﬁy
in the system d p 4 | tion, with
each rﬁne havi %gelggﬁg?h&?(\#gug#écg%fgrmjeg% sﬂgjrg%'%ls%e saqlefﬁ dlg spl‘ay 30

, Processor hasPEBCRESEKye LheopusREls pFisxSentwigt & K13 dceste thre i des?

shoul d be, gi vamsbmaysrraméet:a@aswar&hl&eppe@eent iThed Riveelseaandt hate
certain portion he ¢ vered b

ﬁ x %a ts 51 %e co 6%. <§ther1
faces. Since vEri&s f8 A5 Y ﬁ‘gse pPx & ﬁletg t&r’lg’éJ SRS Y9 3 6ot h
of a second t henprhoceseintg deddd iitd onh@ngi spl FprRegtess oo il vl wiigh, To

cal cypte videgikpn ¢ MrlFbhndiciRndy TYStRR Rntiahe sy shembas, &ont ai ned
as nmany as 14 displays), the Di Spl@%\é Processglﬁ[ nmust perform in excess of 10

billion conput &P ﬁ§ BEE LSEGn&° PeAsEs -t DSBS HAD F8%h to process
pi xel color i nbementytubhor:lfattnuen siimud i teat |a1atcrra§|tr)g ati rmaroeershid ch

al Love for suilableDiahudeliniiign sdos.of fecta toale vl Sible whileg

preventing undesi rabr e V- vi 4 components tortion From
on the identit{cotoiagesibdgceenpaent, r§ée&’§ntC@ SoFEayirngd « Ry srong ¢od or

or degyee of tpasphugeaeyrdifatbakyRiteal.. lother information dealing
. with the aircraft, with the position of targets and with
other aircraft is also calculated in the Controller. In
some applications, the Controller is a general purpcse
computer. -
30 , The Geometry Processor reads, from a database,
descriptions of objects that are potentially visible in

the stored three-dimensional digital representation of



- SUMVARY, OF THE | NVENTI ON An object of this invention is to provide ants A%UUZ
i.nproved anti-aliasing procedure for conputer inmge generation systens.

_Anot her object of the present invention is to provide an inproved process
for encoding edge intersection data for use in an anti-aliasing procedure-e

in a conputer inmage generation system These and other objectives are
attained with &% $RaMd %tkb%a?l%ﬁ%%t}sf'bii‘a'ﬁs%r? n @2 oftptit EPERRAGe Nt O

generation systEmBphef etdbRPlyQoas @ ndli S ayegaofon aataycek pixels, for
The met hod coms GO THE ek s brCPLEEr vt | nERE CRPOESF GaF soge0r -
The nmet hod co St'eps of “in n

characteri zi ng neaatdedmanf i ook i prab psctod  dae helofeat dieass i vha teduent baes of
each pol ygon t e disp : j . pai r of e L ces each
pol ygogr)l defi ni %g’Pea 19&&2&@%{%% %HEF%%B‘%”E%% of %Iﬂea%g%%ﬁj grn‘S
gener ating respgmwiatay tRy edrs s efake lareex(aathy sigmabs, aedgettat a

signal s descri b dnes NI seold Pund dh a; e & s tdee PO YBLAL£DgESLHBLE hgeach
pi xel to be displayed. 5 The generating step includes, for each pixel be

di spl ayed, i) iUeWS fQRIRFET iand 134T i lif i di i ehel RaePHAPE Y

signals, and farisach side of the pixel, whether or not the edges of a

sel ec ﬁd one of the pol ygz?n i t er sect saisgses' de_ of the.g(iE el, and 1i) if
c

the 10" edges of the sele aeC]pOo %/egon B ersec sl%nglonéﬁ’rdle 0 ?lfe pi xel ,

storing, in a secbnidual Eafesaivherme efch Heaetiges diat atls¢ ghats, o&na

estimte of thedaeal] b ala dhesSidenr sifes. OfTﬁé‘e%;P-iéf?itQtlY\@-tCh the
pol ygon edges intersect the pixel side.” 15 Further benefits and advant ages

of the inventi GPdinsddshediarehtafy AT oS s a¥Fome of WERR EBRI owi ng
det ai | ed descr i, fHe/em Wild Tiafteranaehd thidiee & oprpanyt nof deawi aga,
whi ch specify d show preferre enbgdi ment's_.of the invention. 20 BRIEF
DESCR! BT O F TP ORAES Fe tAR 6L & ot | EOBT 0k b 351 & o7 5.
conput er i nage Wemenatn arwdg G@esystamam avhi e tdisspbpar atlus hhdheaet hods
of the present J.GIO MK, 10 de BRI add Gnd 15u@rSpaiLal g agram
illustrating the rog}a.t}iponsil pwnbet ween ]ia%e o%’j ect face pol ygon, 1 n object
space, and a cdEdsponki e IRIRITREe paSfgoh, e | FrREYESSPACBI OaRESPHe
picture el ementmiRix s e tdiesli Splaya Fbimsd efotipOe Wi EEs t bRaE MAgE
face v,vgll appegqrc; "D Z 3 AUG 2002, FI %Zaa is a rr(?g%njdgled or_tLloQ o[__htem
i mge-di spl ay Lﬁ*l% BR i Y HE VR I3 R 1Y YT %o(f?/g%lﬁ t0o°Be
di spl ayed,; coefficients of the line equations that describe these

bounding edges.

The Display Processor receives the two-
dimensional face descriptions, along with additional face
25 related data and uses this information to output data
describing to a color display each pixel in the scene.
Each color display in the system is typically made up of
1024 lines of video information, with each 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



"FIG 3a is a viewof an array of display 5 pixels, upon which a pair gf

face polygons are imaged; FIG 3b is a view of an array of display pz eﬂqUﬁ,ZUUZ
_tpon which a face polygon is positioned, arid shows various pixel edges E
and edge di stanctes D that may be used to determ ne pixel color data. |U

FIG 4 illustrates a polygon that intersects several pixel boundaries; FIG
5 shows a tabl 83¥Yh&E FSEﬁgF?igg PhEeFata st s éﬁ”@ﬁbég€ﬁ6§§ﬂﬁﬁ'§?bha?g; -

FIG 6 illustraheseappketedueed ab beselalicng at=dedge 1¢raassi RYS;a ase-mh @G 7

schematical ly icts a_subpixel filt l.PTI AN | LLUSTRATI VE
EMBODI MENT Regggr PR§erhi |n§I >Iif/’atdo A glhegﬁggflﬁﬁc%c?%s% b1 ockE ' agr am of
a conput er i mabéghenefat ceacyyatenvideosdon as mad tdi-ddrsafitayx cndopint (a
simul ation SYSEEHblbsskEEH% hakedontRe ne@adar wahy %fserlmedaits.nzmt existd ng
ClG art, including_such publications as U S. Patént No. 4,727,365, issued
Feb. 23, 1988 P&SBLRY| CEPCEESRF. MUSE: PS5 LoRRy dARc EFCFifde &t &l 1GeH? at or * ;
U. S. Patent Nocodp8R5:39hs pesuedcApdi.l 25, 1989 to D. Merz, for "Depth

Buffer Priority Processi For _R i ter | neratin

Systens"; and U.S. Patenpg§,§8§?g§beggs gggggﬁ afssgggﬁbrcéﬁﬁ%ﬁfw%brgan

for "Method andiApparaitaes FoceBeiamt inApbragitagnPdinygon aBddes Uimsa iG@nput er
| magipg Syst emyidhese, ke W) SusPabentsitabdl AESh-4e835i39b: Gag? 3

Al J& 2002 and 5,668,940 are incorporated herein intheir entireties, by
reference. TheeE§eekm &0 PRcIVAEELIS EBALROPFEY SRAiNI1 BNAg SEaddte y/ 1cic0
Processor unitdidda asflpanbhgpl aydPseeessen”linifrom t@kifae d3 spleay Processor
unit 16 displagg iptgrna ion to.aegigghaﬁ g%@domlls tgc§inulate thq;[l
movenent of t heC&lFEF¥Ef Plodef S8 1E88nECMRRGPEr af S 50 s APRSIREd &% e
conput er i magewgengr atilon, spst dergtéet hfoughnsdpaencont ol tihattenfiace 22. The
oper atsor' s maneuvering action is fed 10 to input control interface 22. The
i nput control interface converts the appropriate data such as aircraft
position, aircraft roll, pitch,§Eﬂﬂé§§m55LEEEHQQ¥E¥E59§the operator to the
Controller 12. - In the fanbbgkker ok2rhtibe iapendton iiBpwcs pafceyitfe used to
calculate a nemlgositgon Eng ?rientation of, theaircraft, and fromthis, a
mat hemat i cal rbtRE PR nBErix3r§28al8uPaPsdthat “P8 GSEEY S r of'&E obj ect s
fromthe referganersbopdi ragseemgstemto a di splay coordinate system which
is wej) known in the art .L.nf.o Lan LLLRg .\ t, .cene, the
posifﬁLn of targets, or éﬁﬁ%?g§i§§95?% ?ga%g%c ?g?gé@iﬁyﬁﬁg“fgﬁkﬁﬁfﬂé%_ In
some conput er PrEYédgendr AMPERVSIsPERSESBhECCORNEOLIIBE gfide 12 is a general

pur pose conput efeeFBecE9BhL @hLEr £ 11sd2ihS aHPdated apekisatiC A doedRn LYy the
nost recent aircraft orientation. This orientation includes the aircraft

rol |, pitch, ya, 2afi@™BB5FEi dR2EPoRFIREZGPEFatEP M t he i nput control
interface 22, to the ConThekkernd?2othhe Gbrnkrolilves i2ewarnks ioreda wsicane f or

a fied or fr i d passes ta .t t.r rocessor 14.
The Glometry Arashelorfily=pBSnatieb TRt uEl 2y Ko hsly
descri ptions, OgeBBFé§?§nSﬁ§ﬁt3§ wherein polygons are displayed on an

array of pixels, for encoding data representing
intersections of the polygons and the pixels. The method
compfises 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

-



2 3 AUG 2002 towers, roads, rivers, hangars, etc., that are potentially
visible in the stored three di nensional digital represent ation of th23 Alg 2007
.éarth. The objects are read fromthe scene database and are rotated into

di splay 5 coordinates using the rotation matrix calculated in the

Controller 12. The CGeonetry Processor 14 clips all edges which extend
beyond the vi ewifdewtow Irslgriarf eshe roolyeen = spacesnendt the, preepsser vi4

mat hemati cal |y g Qiet,edd fed &R & MBSt Odn PId ecdaglat 82 PR 9:1LN8 1 5
t wo- di mensi onal_ 10 dj spl ay w ndow. Object faces which extend beyond di spl ay

wi ndow boundar (¥R I gl FH SRR hsi Pha Y nee SpRcee ! et ggues

di mensi onal objweails dawt Lpieceplonm LHe Id:mz;sla}aéd)sed convex pol ygons or

conbi ngtl ons thereof. Ea cl oene It~mconvLeé< po lgoch d novvn as a i

Thus, ®ach obj ect processed i% Reds of - indi Vi dUat ‘faces)e?/\ﬁ’ter}‘eJ e% h face
i s bounded by ste aligipl aadges.1 Otc@ﬂﬂmefyfnacgagxarae fconputede Id onf thee of

three-di nensi ongle RIKLIH 4 rbi‘d??alc:,eo@{cf Ve QeSS Wi dé o f he dat ac b g passed
to the Display 20 Processor 16. dition, the Geo netry Processor 14

cal cul ates, i n " YRSWEIen &l St kHfh %C%ﬁ?e‘?s of & ﬁ?lfer“d'rﬁd et ne®t her faces
and stores thi @dhyfgnmmtnrm*ens'aaca: [ER Iﬁl}dd icsft th'lél’llp&}{ﬂ’] orag 11isticonhai ns

th f ald f he, | i
the highest pritgoey Tache S e aniils Slfasd e B ofad Srelft '°
priority face. p\miev@rtqwg:aclés foviadans drisd dishlsnid tore hpghiehe pedloei ty

face will be vigidy %1211‘{!11@13 LV edaprad R i 1fcddieod ovesnpripeisyqtbace
30 will be obscured fter cal cul atin the rigrity list, the Geonetry

Processor 14 c&fc@*&sss th&hd fy dye tH‘r'eL)chﬁe LWent s that
bound the two igiters2c: Alia ZtﬁﬁaeldlsrﬁRjB| onal faces and cal cul ates the
coeffigients of the line t. descrih oundi gdges. The
Geome!tlfy Processor 14 caIFS%:{gtéeIss) neerkzin gaﬁ"rﬁs Qﬁ'fanga aoéan%nd t he sl ope
of each edge t H&veged@r e d mﬂ%a@ﬁaeﬁ%lt 'Iftré@eédaitcai%lrféeltmlelfplp)a%fsed on

to tjhe Ddspl ay tBreows_thml@ datalﬂed stwtﬁ.»l@cslmrﬁy FrRGessorh e tdadnds
used to drive

i deo displa | n . sone s as ngle Controller 12
and Geonetry P:t&é oracf@"?ps%']}y (B RS 10%}11(??% S%P%‘S’/
Processor. The phiefpiraye Prepdessialerits roe"srtclrnsnbh&rfmrorpr OCGSSI ng i nformation
to be,gispl ayed on video display 18. One particular task done by the
Di splay Processor is to resolve for each pi er in the VI deo' -di splay 18
what the color of the pi x e| BREGH) | I 5 5L ' 3 @8es that can be

present in a pixel, aridghose raerta meqfatfﬁc%swawdlrpgvrep@ sovered by
ot her faces. To rformthls function, the spla Processor 16 thus

recei ves two- dCREREIESTalt MRGEe IFEEEA td‘ﬂ”on§1ﬁ orﬁ}’tsﬁé“taeldhe‘fIHF Ipridtessor 14,
al ong with theabpeeacolsorndant 2dds fefce her ipatestant iistyeranicbrusesy tib s

i nforyation to glétc[glitcetdhe scene to color video display 18. Each col or
display in a system can ‘be made up of 1,024 or nore |ines of video

i nformation,. and on each FiIithe 2t Hér & tsmtéét\lll Piggaam 204 usidiat duml tleol or
dots or pixel srepattivhenef &AMen 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;



- 25 For each pixel the display may receive a 12 bit red data signal, efé]Aﬁ
bit green data signal, and a 12 bit blue data signal as part of int 92002
.information that describes the color of the pixel. Wth reference to FIG

2) the eyes 20" of the 30 observer are at a viewpoint VP and | ook at a

sanpl e face polygon 30 within the view wi ndow i n object space 30'. Only the
face 30 closest to vieweFIQ0' 2aalang raagheﬁ\aédimeogt:)gn o BhAUGW20@2 32, is
seen; and the yi c s et er [ - e di ce R
coen and, e A1 ayblp dAckid s ol s Ohacs b pOpRaE 50D, ALt pRge iSkaTCe
wel | known in theardigpbayedor exarrpl e, the af orenmentioned U.S. 5 Pat. No.

4,825,391 and the referepggs sited Lhefehnds JHU§r1é(bSb?| giRghygon 30
(here, a triangular face identified by its vertices Vb and Vc) is that

pol ygén havi NP YRl fri fFRfn Yahge RPALT aPbntPof eRP Y ARh8 231 ef FHBIEH; ect
space 30" is projected int®. a3l 59l ayviendoww 34 £rrayOof magepspgce 34'; and

face pol ygon 30 i roj ecte di spl a foly 36, Wt res ectlve
vertices M, e;]n% T (fsjlg)n‘—i‘jl%éc%ogog 7e 15\1%0st SHVC d
respectivel y TsHEoveb s adous reiove | seddeent tded ra@gerdeﬂeheeal @playtvwltabr
each pi xel wBeaped dn é@g@gﬂlﬂ@lp{ﬁé@@&&§ &heng a horizontal | | ne (in
the J dlrectlon) fromthe |eft edge (J=Jo) to the right edge (J=J", ax) of
the fldster/wi ndow, and foFC1ihesl TieH I Ne? casPPyy 9Pt ahde %PFFlFﬁétF
direction) dowefdxHl tfhiexe Ah@uiddantes: t op edge (where I=l10) to the bottom
edge (I=l~,ax) . Thus, t i he, S n S
(left-hand) pixel Pl to a a% ?Ir%(?‘é%tgh% ép’??(%? ggg“iig%g [ % %igla

i dentified by Rite wiewdgne B PRSI fF MDUGh the wi ndow pl ane 34, so that
pi xel line Lp includes amm meg)ei PDh it r P O €Lt p PG @idfle COHE SRR AEG L O
pon on poi nt %‘esf The on 36d25 will, along with line Lp, incl uge
pler§ from a §8% rfo’s i Py} |dent|f|ed by the J~ crossing at the left
line location, to a r| ghEtm)st’l ps cledmaddgi cadent dép edt Hyat hebpiRetr 6$5kRng . at
the right line location. Wth reference to FIG 2a, a row of the pixels 30
38 along the scan |ine 34 IS seouentlall scanned in the J direction,
starting at |eftnost pRREERIBRIONAQF,E ORIMENIAt ed upon,
and so forth, until a h@efer&@%nm&)ﬁlplwlzrﬁ@l 18 aea@h@elenauhe | eft

edge _.qf the n for that ne and partjally covered by the on 36.
TS ol SRR APt et o | Rreaber T ohired SNt YRR e e

the J line 34 'sudlorea s mn nel adombt tdoskBit | mbnuldhr boghspshemn, pigel s 38

conpl etel y covergds by, ddig pohyg%a@eplf@lréﬁérfédr@ec@ﬁg teLbﬁnp' ght; edge
of the polygon and pariially covered

. _Thi's piI xe
i dentified as 3 Ti gMTodting o%‘é?rhgpﬁkl’-?l%?a‘al y%%n eﬁgepaFﬁPFheP travel
al ong the J I 14e7 B4,"3 6D, eventerdl Fgbr eathes9dhet o i Blubk@st epi xel , 38Bvrof t hat

scan, hi ne. dh e\eﬂiéchaéb Mt hout . considergtsorg Of Erﬁgsl ucency and
f eedf rough of roma roma rmre di st ant ﬁg,egl gon, the attributes of the

pi xel s 38 dratt &% IS cohpterd|APEebl et d affd ®heferar efest aPRYLHi t hi n,

tire polygon 3fufrse mxastity tieoPos y DR Ef'@ﬁeR@éI I’TbrhléeSor(\lezéi ImagenSI ty,
transl ucency, 11 contrast the X p 8l and

that are part |C'Sﬁ yl)acto:k/neg e%y%te‘%e ?/g((ﬁ)ng %%%9 é%( §4 ut 8845¢ ?h’at
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



"40 particular polygon only for the pixel portion actually covered,éﬁf bgzb
the attributes for the remainder of tire pixel nust be obtained fr 4 !
.information and bl _errcieo according to the various percentages of the

pi xel covered by each pol ygon/source of color information. ?5 This may be
understood by reference to FIG 3a, wherein a first polyqon 36a is ordered
(as by any of &hé ﬁeﬁﬁﬂkﬁé@naaeptlnceﬁppélaltﬁgi Beseddsdd) Ghve iy enitt iofe taiht her
pol ygon 36b, agy seg@ekgnbgage space. Polygon 36 has a plurality of vertices
(e.g. Lour vert|ces V1, V2, ml 30 V4 in FIG 3b) connected b i ke
plurality of polygon ed95933§yéeeﬁ 1851§ﬁ&%ﬂe naFEntIp L %ﬁfé%“%%dﬁ

39r and 39d) whkehett9sPrprxekooundar ias ahdceosas@gayi@tocé%ébﬁuxaﬁmoz

The i nage scre is.formed of a_rectan uIar i_xel s,

verti cal col umhg-(o7hE BEPrTay PrBeaRRY BhiR a¥ aTooldif e MBI D)1y
al ong hori zontab hi Aéspley ginHpmeds. to El@ulEtE the meverlenE2 of Yhenith 5
horizontal edggs k. kttge Eoﬁegcgﬁgarcﬁh'BgeQEt%QCBolh%elHAﬁedmegﬂéiéMth

t he next- hlgher-nu ere next t o- bescanne pi xel 1ine. Each pixel can
t hus be ordere@OWEytPF51WéﬁﬁlﬁénEraﬁéoéoﬁMﬁﬁeP désitgaarigbhn inputnqqntse lseem

that sone p'Xehﬁteﬁﬂﬁheaﬁ2p|X@he(bpeEﬁtdﬂ‘b|mEQeQQ@Eh@@ebﬁLiQxﬁQ%ﬁHﬂQtby
only @ﬂe pol ygon % go 6a g us h %e o&h& the attributes of that
pol ygon, mhlletSt % §8P TR vén €g ﬁFan bl eAdEnd "BH KO but es of

pl ur al polygonsnterﬂ&th refieeeneethe Epﬁrogb;aceldatat@mmhubesammplmgdma
determ ned by gopstdgpatLoncahEheoent etehxetnangaqoat%tr@eeﬁ Lq. iy ocess
color informatton or a p urality o ortions of each piXxe

subpi xel s), evehelPpﬁrﬁéoﬁepPhtb@fﬁéﬂFﬁg pe&césdsi ng archltecture (mnth or

wi t hout use of Span/subsmantaéoeeﬁetamaet h@dotﬁgybpefratcta)e 4Qputs are
af orenenti oned U. § Pat is.,used. |t should be understood

that Fach itentsf |ﬁPoFﬁﬁFPBﬁtﬁr8c8§§e8°?§té°§|GﬁglOﬁ&F&tﬁFléVbétran%
digital data. ¥hrteafe, mayddEsousshtiibese sieghahsthyadheothandrdesitgnat i ons
(e.g. corners, §d8§§cuEQEXHOEﬁate?E Lse&et%5rB%E%EtB%é%%%s”%%Qm¥h§§§ terns

to signify the ata signals used tor each of these respective geonetrica
concepts For iR&f8REBCS" EBPRELN3EPgAVFFEY FRe3dAPREYd “SREEIfYItY t he

t wo- dlﬁEﬂSlonaﬁyeF&al Qﬁﬁaﬁrlboqeuuonngwadga the bheddabah%&gnal set

repr nting the_line of the_associa on_edge, nmeans
e it ol Cdat AESFRAELaPeTBaAT 0%l KFRof '8 BEPHEuFaF BRRRaRT e, The end
result of the papgess, |srtotpecvadecaaftnab seQuemeeedf1m1d®@ | Z_ 2 3
AUu 2002 signa Lghtal vide r v f.ram ital)

whi ch can causggtﬁgbg%%gr a% ?ﬁ?gnggﬁghgg hgggndgghéggflﬁ%X§gE£c$£%he

vi deo di spl ay FBansonBreslps PPFEnﬂﬁaﬂédaaﬁénﬁéﬁéePéHP@ﬁ§lEp@ppéeﬁbserver
20. 5 The extent to whicftha pehygenletrhahipanti akl ipaavers pa rjiiodlcal 1y
Contrdbut es +OpkNenll hbak PLXEheALLELUDYLOS, 3, 08LELHI NedyQD, | he basi & of

t he |ntersect|o or intersections between es of the polygon and the
pi xel boundari@sicThRL pPBCeBELEIPEr thE aéFétﬁfﬁlhglﬂhepﬁFﬁ@I et Bures in
this way is de§§éib@6nlﬁrdﬂtahb bpetaeoaboye tﬂenthbuechnSroEatent

5, 668, 940. GEnerg ¥ gccgrdggce mn Qéoce |npué dat S|gnals
are provi ded cha ?lZl Re s ace ¢ OrdlnStes aEH

| east three 15wveks|cesao$ceaehfbace pehygonrtérbeedtsmbayed Lﬂnen th|s

vertey data is &EbébZ&chotgelﬁé”b@@mé@k9h9995¥998reﬂﬁes if any, cut one
of the sequence of pixels formn i S a¥graster and then the | ocation

of the cut along the assséﬁaﬁeamgF£¥|P§a§es r ot eF RRAED L TPHe Fed§ETS0
crossi ng dat a dagabasefwnematy peol ydeamsrapteéoningfeablepicxelsuathe ast ored on a
per-pixel basis in a frame buffer, along with color data for each of the
pol ygons occupyi ng any portion of that pixel. For each pixel to be

di spl ayed, a constellation of several edge§ of selected 25 adjacent pixels
are processed for resol ving edge relationshi ps and m xi ng pol ygon col or
intensity data to determ ne the final, observable color of each display

pi xel .



"Wth reference-to Figure 4, each pixel 50 is a 30 ,sanple point that?23 AUG 2002
sanpl.es the polygon.” The | ocation where the polygon edge crosses between
.adj acent pixel .sanple points is conputed. For each pixel sanple point, -13
2 3 AU& 2002 a top, left, right, and bottom edge crossing is conputer |f
the edge crossing is beyond the next pixel sanple point, the edge crossing
is flagged as tovered ®hPpER. nEaMsrEhahanFarfol ¢§6n coVdts axsr lies on, the
adj acent 5 pixgh.sapphe1poinkipkar iaxampl ecbh el Quneed dihledight] crossing
52a for the |ower |eft pixel sanELe poi_nt, and tgg Iiit crossing 52b for
the |ower righfigikal ESRpPECBbPRLOHOBEIEHE FREGTed AL HPIR&ES Bich

pol ygon edge casabeftbagghd sseant datBbakeases, aoe motaawrid -ialticasksp ASO,
each | ygon edge._can_be_fl agged i -aliases.. -l.n this de,, the
ol ygoh sdge | COGRATar frou8tfE rR8 TBRH - 0h nakLIC Ll TG |

pol ygon edge cfossiaglet LBe plkel GeampkaypBirntesapd flde cddge iad Inatdsstwar ed
wi th another (p,pehy@RRenanfelBRaeEde V3ell #9088waBoARNRTAIAIES ol jez-TBSh
anti-aliasing Is disabled, the edge is anti-aliases unless the edge is
flagged as not SBAFE:afRdskhe PFOFRESRExaf MEtHEPREIFaAAYi REGd Hthér ' han a
pol ygon, the ptkektel&imkaggedassobdadit danal byitanthe2@wal-idases.silamalhi s
case,, 4 f a pol ge.ljyes on the inmage, the polygon edge is anti-aliases
W th %%e inage%9%€ﬁ§§m§§é§$Yhe image is not anti-aliases. Wien using al pha
buffer operations (sourc@baefrl §asepndbich Breandnba¥sNdt Hasrdlrend itew
color in the 25.§inaneibuffee Cdeshbbaat hopkowitRehBeonahornibbat s deei ng put
in the franme buffer (squrce), the edge crossings are conbined as fallows:
The al pha buff’E’FebF'éﬂddéﬂﬁﬁ?FBHa?‘sF’bgFEﬁa Fae%gfiessaﬁeéspi RSNES e FiPsed

f act or s*dest i nabheexppaselgods,, bt tbrbbheadohacthesebs .zeEactt e cs@ur ce
pixe”-has no edge crossin S. Lf %hewglggd fgctors Eﬁuéero, hebges%jnation
pi xel >has no eag%V%¥088'H§8? P th8"EolPc® "3°% ~ 2U2®20672i X&P ®and t he
destinati on pimebtcessadt ihamededge cfossdnygsdundt irngsi s wiere. elfcht Hewce
source pixel has BYGRReGT BSSLPOSigARdebEsdesbhpat tar Rhxels dees not, the

sour ce ) , , _
computed from the three-dimensional objects, in the

Geometry Processor 14, the data is passed to the Display
20 Processoxr 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 list.
This priority list contains the order of all

faces in the scene where the first face in the list 1is

to
wn

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 portidh 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

-8-



" pixel edge cr055|ngs are used. If the source pixel does 5 not have ZQQQUGZWZ
crOSS|ngs and the destination pixel canes, the destination pixel edge
.crossings are used. If the source pixel has edge crossings, and the
destinatio~i pixel does as well, the source and destination pixel edge
crossings are averaged. 10 The edge crossing can be conpressed to 8 or 9

bits to fit iragnérhelctxﬁ@mafab@ééeén@Scéndwates 'tnetBeefabheeeftslzioqur&é-
The crossing indicate that there is gn -edge crossing, and

Eh? if set
T ot aet i i R8s e&behhrne nESaS BErGaohel FE ThntpAenaqrdcen pives. 11
mesh anti-al|a$ewmptsyd95®¢ed$onlne b¥lsubddceneededendphenussef eight bits

ded. T | &9 h
are neede 15 WI(?' haveﬂ?é‘gp{;ﬁcgaéﬂee&é@ Phat SeQEE‘Eb‘éO%%ﬁ;‘uﬂ % A

frame buffer. east I npact on the Ima
by 3 éan be ap%#%&ina?%@ﬁeT%%t%dﬁéec¥%%%lB@%Sﬁﬁyo%etgtbhedDPﬁpﬂﬁe frane
buffer in the pt¢phwessorpone~_. This restrlcts any bl end nobde that uses

destination al pha. The 0ssi n ad fromth ane . ?5 buffer
during output tine. The%gﬁgodgd g d$ ?xc LQEtasehnt ?héh Ahe L get568d
back into the toyidygine EMQevndmssdn@phayaABVVthnreéweeﬂpetEmsFlgusen@lefour
adj acent p-~t: ez:oé@mfemilténéO@eoéQ@%@fo@é@sépdlérfs gLehed,f hemvhhe 30

gane buffer. These pixel sa ol nts becone the four corners of pi xe
Each !8anpl e pditHie Hds2 d%ﬁeggb%? BsRYPRS3M- sevEral PEFRYRY ?ﬁ@céaﬁél

crossings froms-ﬂeéponéhﬁﬂé“fbﬁnﬁﬁbéﬁﬁﬁumé imEophxel osappl BepaiBhs agea
resol ved to oL A alodl e ergs of 0shng Lo pagh. ST de.pfallle Bl xel. For

exanpl e, the top e poi nt Cros |ng and t he
top right pixeisay ePIpmfrﬁS@bm e JaE$pl‘e¢th¥o%s¢lngpl5rhésent wbecr ossi ng

are resol ved tp & a1 908y eﬂ@%ﬁé@%}ﬁé‘%é%ﬂ@? E)Q@%Pﬁe@fshéela' kel . The
rul es for edge,resolution are as follows: for any pixel sanple point,

the hesh flag 9isbttRetmanhefAces e‘éli‘a‘ho‘:%sq’le APETLENE 237 ng. P16 For 2B4ch

side of the pixelse s{ﬁdletcioﬁéﬁtm&anﬂhaet p@ayatse d:awéfeahleyeotseone edge

Crossi ng) thepf set t %g edqg CrQ@iﬁW? }o 0y 9 set the edge
crossing flag 10 & def ?HQG PUR(SB)® § ﬁoT ?h%r f% %ﬁe 8dg&°2erdssi ng
from sanpl e pdiehttiAis amnteioyeslgeverdbsemgi dnan faee odhecr spapbespéirnt, then

set the valid §lgeLIRSSiNLdaGsdOr 08, @ﬂgn%e&iqu@hgregégngo@gyal ahQ the
edge crOSS|ng of sanpl e p0|nt A 2Ui11) ere are two edge CFOSSIngS

aci d2fo nmesh @ntfiacs iR oGt rﬂew"setarf%élw.'ahwgbnéwge&:henfFagovépe
and the edge oflassddghd SLds heam:er\aag@@fdiépeaﬁ Bglge E408St8USr aViplhyt her e
are two edge cr055|n s_and egll - S anti ai 354 ng, t t hen set . the val i d

edge crossing ftdy % EF@cFa%1ch ?d?r%Pé%%e cF05sThg T gt t9e¢hat def aul r
value ( . 5) .vided henfwedticont ;b @ntéachh i hised, tmekeptxeicebineﬂleolors

must be bl ended tqgethelvasudOldOMSr 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 information that
describes the color of the pixel.
With reference Eo 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.



- 30 Note that edge crossings are scal ed between 0 and 1.0 and mcreas&g UGZZHUZ
nunerically fromleft to right and fromtop to bottom -1G 2 3 A~IG 200

i) If the upper left pixel sanple point is flagged as no anti-aliasing, or
if all of the pixel sanple points are flagged as conditionally

anti-aliased) or if there are no valid edge crossings acid the mesh 5
anti-aliasing ¥ agis sseent; aménthéevpsilelecbroe i§ gﬁéeéb‘li@ﬁdob}’t he upper
left pixel Sag&)&fﬁm%n 6f)réxfui]éh@f@tgﬁ@eZRVﬁJat\gegggglgfvoﬁg'lﬂQSV'P' :SUM ~e

pi xel, then c e area accord | ow ng rul es
crossing vali daaﬁmlc%cﬁ@mﬁ CP%SSWF\{E]ng'aqi?H§h bughenr baehniapesa well 1 oy

xi ng +bot xing)/ 4Aeaire &, bfor ékampféeathé|éfbtghénﬁﬁ@ﬁ§ﬁn@V@|ld and
left crossing Vallg\?% thenl ~Area-t| =

K ng+fert-xi nchok dlibl A aa b and Ehayeaferencedocibedi Alpariy) and 1 ef
crossing val i djhud hends £18t ¢ | polygPn xs agthete, xangyi2Ageab=rAcea tr Ar ea

b 1-A 7)1 3210 ) f d
Chenar oat 1= (4R W T0) 27 BT WghT S Sl V2 At TPl ke gy

tr)/3| f (bot cr dsstimw athel wiheiltheht range skag akdnd)viewehipeab?- (Bbe

ring*(1-left xigdd 2hreabs = fé egrdyecréietntb=41af588ay window 34 in
bl)/3| f(botcrossingvalid and ri Erosa ngyval i d% t henAr eabr =

ot
xi ng*P1-ri ght 43R5 )IRxceabt =Ar A9F ROTYIP - A eésb?}PQEl"éédS%)s Ar ea
tI =(top xi ng+|<ﬂf§pmmg§dl4yghszea3$r:(:itmopesxpe\gtarvelgaftxceg) vi4 Arzeand

S(1-bot oz Lol a4 00 verey 3 AU 2008 AgaBr (2oL, AL g

r| ght xing)/4 Tiha fl el ~cor or et erm ned equétl on:
5 Color = top Ief t pi xéfhethep Q:bl‘e)%ndo‘ﬂ\rb% @ftefﬁ tb@>§aﬁt81092|fmtbﬁxel

corner color *3#f §=rwfub%aétef;gupéxeiacg&@&uegoi@rseq&éaalah faEQtLoH ght
pi xel _corner cal or * W ea erence S k~u

t f d% ecl siFB&EIS %%F%?’?(%Tl 6 l%ff e(ﬁ%sﬁ’?%d&f%frggffgp SQFHBI |tﬁ‘e3 10
t he pi xel resdeaft csdgan{pbeldncredded tigha fegige-oI=<F..)1 of dnitk t hen a post

filter 62 appliaddo fidd&h, (e PESE! 51 800N, Ont Dec bRk Y a%%%bonm
Subpi xel 11, 12) 21, and 22 are.the subrpl xels that |lie gqn the pixel to be

di spl ayed. The&B&ir} iz efrie) | &ovihef 7R sHBP; &%‘F%e’éfﬁlf‘ P¥hERP Fﬂ@ﬁ a
convol ution fi{vwheé¥eiB=1Lgedd aheonpuitent elge x@=Igol)or dtocr ditig timttihe

gﬂggfbggl géxﬁiﬁéﬂﬁﬁ f%V¥§&ﬁ§g§e£r$mla+§PPQEX?ie£t2h$nabeE§gh glltblé
last (right-hand) pixel 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 Pgq, 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-



"+ (I - W ill other subpixels |? 25 If the weight Wis 1.0, then no 723 AU§ 2002
surroundi ua subpi xels are used. If Wis .75, then a pyram d shaped filter
_is produced. If Wis .5, then a uniformfilter rs produced. - Wiile it is
apparent that the invention herein 30 disclosed is well calculated to
fulfill the objecr eV|ousI St at .l _Rke appreciated that
nunerous nodi f %ﬁ??oﬁgiahﬁ Eﬁ% |%Eﬁ$ the lm% d%@?seggbggthgggygoTSfO’
AuU zoo2 skil leldat nlihe and, pandlallylsOVﬂreddbd that pohggaN: 36, ~~T1R s
cl aims cover C s.an n | n the true
spi,~it and sgélng f?”?&ééEfé%gﬂ |%vgn?g?eﬂbg€ ESO§Sl g 50%2 CLAI M5 1.
A met hod, for D@bygﬂnaeéﬁﬁp@@@rthﬁa@elgéﬂeﬁéflonc§9§ﬂ§Hﬂﬂﬁeﬁépﬁgpéﬂygons
are disspl ayed Pi‘né‘n ghF3YgRf obh&el §ixE D8 @gceamﬁgeealﬁ Eepeesanting ne
i ntersections of_the pol ygons_ and t he |xe t hod, conpri sing
recei ving i nplROHEIN si n§+§e%h%?ﬁc%%r ??ﬂé ed Qg tge to8PEi A 9§SOSfLQ§ch of
at | east threepwﬁygmﬁeén@fp@ﬁchapbyygomefedbbydtselﬁyeggoaaeh di frf.erxent
pair of the vertices, of L ggn deftnh@goatdéifgggnt qug of the
pol ygon; generBt ™ 1?e§%%%%fv% The FedRiVRatverPERiadt drsTgnal s, edge
data signals d@stQangdghe |ﬂmethecttoﬂvelfabﬂyg bhet felpokygen edges with
each ,pi xel to e e n n t u for
each Elxel to %ﬁ %?%%*?zege?€ﬂg WQE%C §Q§Og§ ?%gé%lggé SEeF??%gg%%n
respective onel¥tag in a first field

It will be seen that, without consideration of

3

translucency and feedthrough of chroma from a more-
distant polygon, the attributes of the pixels 38 that are

IS5 completely covered by, and therefore totally within, the
polygon 36 have exactly the polygon face alktributes
(color, intensity, translucency, etc.). In contrast,
the pixels (e.g. pixels 381 and 38r) that are partially
covered by the polygon 36 have the attributes of that

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

25 This may be understood by reference to FIG. 3a,
wherein a first polygon 36a is ordered (as by any of the
well-known depth-buffering processes) in front of anothe:
polygon 36b, as seen in image space. Polygon 36 has a
plurality of vertices (e.g. four vertices V1, 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.

-1t-



"of one of the edge data signals either to a first value or to a secongz AUG 2002
val ue to represent whether the edges of a sel ected one of the polygon

. ntersect or do not intersect, respectively, said side of the pixel, and

ii) if the edges of the sel ected polygon intersect any side of the pixel,
encodi ng, in a predeterm ned-size second field of said one of the edge data
signal s, edge-dataimepeesertiengian festednod af rele dnecdtaommlpngpt he side

or sides of the.giéel at _whi c Hhe %kggpq edqeslinaersect tpe gixel si de

or sides, the BhtGd8d &4§&"dala lt "M ZiNGG 1 €SSV 6 dde Space s -+ B

un- encoded edgeé,d&ta, PhePeBy Peduci-ng seguegsirddy rdmerd h\aecassealy for
representing i nigeseqel gns ohelhe pobygons andithe, nixele, 2. A paihod
according to claiml, erein, the storing step includes the step of if the
edges bf the sBPEEELHLBSI $EIRSI Kt BLsébe dryesi desagrati®iodleatihehingo

2 3 AUo 2002 i), stopiirglinwathi £k selti-alidhel -hheweeedaciext aldl mn
estimate of the _dist gce.algng.a firﬁt ?f sapg t WO iides of th pnﬁ | at

whi ch the ponﬁSﬁngaé sPiifdr d&BE - safdcfy Pdtedi §81 &hdSs BS oS 3“?n a
second subfi el dtef rbhéisecdr apd Epéhdna® dsbigmbé ioh .t hd tdivsitlande adang a
second of sa-~c L.des . he .pl.xel, .at.:whihchqt pojJ:ygon, e i rsect
sai d second siggg%gsggg glﬁé%%édsgggokgikéﬁgé gfé?ﬁfzghﬁﬁéggiggﬁﬁﬁgg%g%bnd
fiel d&onsi st scovesepr bilePelifi ARG RAAYEIPNOf PRI ICScAfirdn&G Hdi1us rgtve

subfield consi ghsyotnhenactiablicet sarkhpreget ognnedniurbey: Hef- Hitxels
| ocations; and |S the ;econdfgibfl d also con5|stggpf one half of said

el
predet ermi ned HA¥BeR 8PABAPIYBLEPAIRY. O4. TREnBERGACHEEST §ing tF3d ai m 2,

mherein: t he spobmgoﬁbelq consists of four bit 2U | ocations the first
Publ Lol onsLots o 2 [hESL apdadenesced sfosaud sl ylsghangane
| ocatlifons. 25 be determined by consideration of the entire pixel and do
not need to process color information for a plurality of
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

-2-



5. A nethod according to Caim1, wherein the storincr step includes §BeAys 2002
step.of: if the edges of the selected polygon interseci _ three sides of the
.pixel, then 30 , storing in the second field an average of _ the distances
along said three sides of the pi;tel at which the pol ygon edges intersect

said three sides. -2 1 .. 2 3 AUi. 2J01 6. A.nethad accprding.to claim1l
wherein the st8F9H6%§téBlﬁﬁéﬁ&dgngﬁe SEefIGHCY 1458 (&yéh f "sel ect ed
pol ygon i ntersddyitadn shdedr chnt kausiexehe tchdwrstaod ngrdenditey sefcand=fi el d

an average of 1Ag; 0kl ances,21an05ahd ng%aﬂd¥§§ry e X @l hich the
pol ygon edges intersect said four si es. 7. An a paratus, for use 1h a
conput er i nageidéneianted epst apn@esed ¥igdhlgons sbeedived 8d on an array

of pixels, for encoding dakachkeRrhesert Whd chnteReaGicns ¥fad hesholygans and
the pixels, the apparatus conprising: nmeans for réceiving input data
signal s char acE8VPFPng RiZX&t ofoBGErEFECeS ot iEadR el &1 ¥Sdast three

vertices of eagbhtpelygesst asbdedegpliayddoncatle tafsfier et tpad r of the

vertices of eagh pol.ugon defining a ditherent edae of Lhe polyggn:, means
for generating;, responsive t0 %He received vertex data sigﬂﬁ s, ‘edge data
si gnal s descri BPaygPrheandt heeptiken, botindayiesf. t Paeppirpyeduetydsmi t h each

pi xel ¢ o be di gptayrdniagdcniepekpit Becgenataki ng FBARS Al udes dJr TRANS
to set, for each glxeL to first field of one of the edge

be displayed, in.a, f
data signals, aRd9P&Ridalh Epﬁgggp%éﬁédﬁbgé%}eg PeSpeEASF& forve ¥98g A t her

to a first value or to aGseeendlyal ie tecpedaesentvinhetihdrs tthewedgas of a
selected one of jLlE BOLYIANSNLALCLIBC AY:ARa"ehal ALREIIHng GIRSCLI Vel Y.
said side of the pixel, an
display space coordinates of each of at least three
15 vertices of each face polygon to be displayed. Then,
this vertex data is utilized to determine which polygon
edges, if any, cut one of the sequence of pixels forming
the dislay raster, and then the location of the cult 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 color data for each of the polygons occupying
any portion of that pixel. For each pixel to be
displayed, a constellation of several edges of selected
25 adjacent 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,
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ii) means to encode in a predeterm ned-size second field of said one f% Ee
edge data signals, and if the edges of the sel ected pol ygon intersect %@ 00z
.side of the pixel, edge data representing an estimate of the |ocation al ong
the side or sides of the pixel at which the polygon edges intersect the

pi xel side or sides, the encoded edge data utilizing | ess storage space

t han un-encoded edge datfa, mhgmebyamdumckmgmsmmk&g@uoapﬁngﬁﬁﬁusommoeesary

for representi e ti I
AUu 200Z 8. Anggpgg%atu %a€%§% Stto %% ¥ggg%jﬁﬂerern the negﬂsgto store
i ncl udes neansppenstoﬁ@erﬁder§?O§ﬁdn§eé§néLﬂﬂﬂq@ﬂQE;Qﬁvﬁﬁﬁﬁs@eoﬁd field,

and if the edggga@ls the tSeheced iRy ¢verd erszeal ddvorsi dase Q{d}eh@erﬂ)txel
estimates of the distances algng, respectively, .a first and a second of

sai d two si desPIKELhEPPIE PREhi cff Th&EXGIR}Gor Tedge iohter i SH9d i r st
and second srdesosglngnsappabatmﬁeadooedrﬂ@ftOpdxmundﬁmpMReq&nnu_thﬁlsecond

field consists re [ e u f i |.ocat] s e fir
subfiel d consi§ IS'}ong%%t:‘al‘q;:‘[lrl f%szg)l gt&pr etglet grokeﬁegq%ﬁnbgrl%{{h b%%mﬁfe
| ocati ons; andpphetsM@eﬁd bebffilagdesd a5 covsireds of one half of said

pr edet erm ned nunber of Bkisnl @eatieRs ea@ An %oquq,tglé%@ca@rgrtng to claim
ein: the secogo field consi,st four it Iocaglon the f] rst

e
subflefd consi 8L438F% Prr BPEAREE " 3&85& Ayt B¢ f G- iR i TS and
t he second subtiel becdispogkes et aetshi adtdndld afsedr.t h Iof tddisd foig, bilte

l'ocations. 11..49,8Rpakalus ;2Cea-di-B9 1HQ 6 qrfmné,shwa%rteﬂ mttttsesﬁt 9rlsng means
i ncl udes neans to store in the second field, and if the edges of

sel ect ed pol ygBR2PAEEr 88t SVRI¥e PSLYESO oL IERe CEORS I NI p T F%éeJﬁt the
di stances al ongafgild phiee, sraetas tok Edgepiixehort shiredd twieipaiygareedges

intersect said three side 3 AJ& 2002 12. An a parat us ordi ng
to cl& m7, whBPerd°fhed oFlng Snésrééﬁﬁéé% ﬁgaﬁ?ﬁh) %ﬁe‘fn t g second

field, and if thehedgé&s- eﬂ1ahengehecﬁe@apdbﬁgomh@nﬁéeseom1annlfakkﬁﬁqﬂ t he

pi xel , an average. gl the %gtea@%ea‘sl% A% 3@ dhdoun sides Qfed he pixel at

whi ch the pol ygon edges |nt rsect, saird four sides. -24
the pixel is part of an image rather than a

polygon, the pixel 1s 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 1s 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

-14-
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20

30

pixel and the destination pixel do not have edge
crossings, nothing is done. If the source pixel has edaqe
crossings, and the destination pixel does not, the source
pixel edge crossings are used. If the source pixel does
not have edge crossings, and the destination pixel deres,
the destination pixel edge crossings are used. If the
source pixel has edge crossings, and the destination
pixel does as well, the source and destination pixel edge
crossings are averaged.

The edge crossing can be compressed to 8 or 9
bits to fit into the frame buffer as indicated in the
Table of Figure 5.

The crossing flags, if set, indicate that there
is an edge crossing, and if not set, indicates that the
polygon lies on the adjacent 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 least impact on the image.
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
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
frame buffer. These pixel sample points become the four
corners of a pixel. Each sample point has four edge

crossings and several flags. The edge crossings from
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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 blerided 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.
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flagged as no antl allas1ng, or if all of the pixel
sample points are flagged as conditionally anti-aliased,
or i1f there are no valid edge crossings and the mesh
5 anti-aliasing flag is set, then the pixel color is the
color of the upper left pixel sample point.
ii) If there are 2 valid edge crossings in the

pixel, then compute area according to the following

rules:
10
If (top crossing valid and bottom crossing valid), then
Area tl+ = Area bl = (top xing +bot xing) /4
Area tr = Area_br = % - Area_tl
If (right crossing valid and left crossing valid), then
I5 Area tl = Area_tr = (right xing+left xing)4
Area bl = Area br = % - Area tl
If (top crossing valid and left crossing valid), then
Area tl = (top xing*left xing)/2
Area bl = Area_tr = Area_br = (1l-Area_tl)/3
20 If (top crossing valid and right crossing valid), then
Area tr = ((l-top xing)*right xing)/2
Area bl = Area tl = Area_br = (l-Area_tr)/3
If (bot crossing valid and left crossing valid), then
Area bl = (bot xing*(l-left xing))/2
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=(1l-Area_br) /3
Else h
30 , Area tl=(top xing+left xing) /4

Area_tr=(1l-top xing+right xing) /4
Area bl=(1-bot xing+left xing) /4
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pixel corner color * Area_tr + bot left pixel corner
color * Area_bl + bot right pixel corner color * Area _br
With reference to Figure 7, if 2 x 2 S butfered
subpixels per pixel 60 are desired for better sampling,
10 the plixel resclution can be increased by a factor of .,
and then a post filter 62 applied to filter the pixels
down to the display 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:

subpixel | | +subpixel 12 + subpixel 21 -+ subpixel 22
4

pixelcolor:W(

- W)( all other subpixels ]

{2

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 1s
produced.

While it is apparent that the invention herein

30 disclosed is well calculated to fulfill the objects
ﬁreviously stated, it will be appreciated that numerous

modifications and embodiments may be devised by those
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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;

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 step includes

for each pixel to be displayed

i) for each side of the pixel, setting a respective one flag in a first field
of one of the edge data signals either to a first value or to a second value to
represent whether the edges of a selected one of the polygons intersect or do not
intersect, respectively, said side of the pixel, and

ii) if the edges of the selected polygon intersect any side of the pixel,
encoding, in a predetermined-size second field of said one of the edge data signals,
edge-data representing an estimate of the location along the side or sides of the
pixel at which the polygon edges intersect the pixel side or sides, the encoded edge
data utilizing less storage space than un-encoded edge data, thereby reducing

storage requirements necessary for representing intersections of the polygons and

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

if the edges of the selected polygon intersect two sides of the pixel, then
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two 51 N%lch the polygon edges
intersect said first side, and

S ii) storing in a second subfield of the second
field an estimate of the distance along a second of said
two sides of the pixel at which the polygon edges

intersect said second side.

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 locations; and
the second subfield consists of a third and a

fourth of said four bit locations.

25
. 5. 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 , storing in the second field an average of the

distances along sald three sides of the pixel at which

the polygon edges intersect said three sides.
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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 set, for each pixel to be displayed, in a first field of one of
the edge data signals, and for each side of the pixel, a respective one flag either to a
first value or to a second value to represent whether the edges of a selected one of
the polygons intersect or do not intersect, respectively, said side of the pixel, and

ii) means to encode in a predetermined-size second field of said one of
the edge data signals, and if the edges of the selected polygon intersect any side of
the pixel, edge data representing an estimate of the location along the side or sides
of the pixel at which the polygon edges intersect the pixel side or sides, the encoded
edge data utilizing less storage space than un-encoded edge data, thereby reducing
storage requirements necessary for representing intersections of the polygons and

the pixels.
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the first subfield consists of one half of said predetermined number of bit

locations; and
the second subfield also consists of one half of said predetermined number

of bit locatic_ms.

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 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 7, wherein the 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 along said three sides of the

pixel at which the polygon edges intersect said three sides.
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at which the polygon edges intersect said four sides.
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