224 9461 "METHOD APPARATUS FOR RENDERI NG OVERLAPPI NG | MAGES ON A GRAPHI C$
DI SPLAY DEVI CEY" BACKGROUND OF.THE | NVENTI ON 1. El ELD OF THE | NVENTI ON:
This invention relates to the rendering of graphic inages on 5 conputer
graphi c di splays nore specifically, this invention retatgg‘bgéhhe renderi ng
of overl appi ng graphic I mages on conpyter graphic displays. 2.

BACKGROUND: Al t [ Lc displ e | mensional In 10
nature, it is q%ﬁ }Y\ Mﬁ%@%@%&gﬁonal or two N
di mensi onal obj® [ f ' ' third di mengf oft

|s identified as the depth RAGKGROMNIOF FHE INNENTIONr portion of an 1 -
obj ect are - assigned.a depth value which indicates how close to the
surface of the display that portion of the image is. This depth val ue, also
referred to as the "z" value, 15 |Is also used to determ ne what inages or
portions of ima%;es are in front of another when thosSe |Images overlap in the
two di nensi onal spa(féﬁL : a first polygon has a "z" val ue of
one and a second pol ygon-which is |ocated at the-same X, Y coordi nates as

the first polygon has a s invéntion rasaeswﬂse,reﬁdaan%br%g?mgwéq&dﬂ' Il be in
y

front of the second pol ygon whereby the second 2 on 1s hidden or
obscured by ¥ hetampuler giaphiedisplaysmorespeciticaly,dlis inyaniiangelatesitp the ne consuni ng

conposi ting equgd,eys ﬁq?g . k3 dat i on of
hi dden edges an?I“gt(t%ir“@at(’:frebg'?4 eaf%'?ﬂﬁﬁg'%?g°ﬁ§?@9%@§'§pﬁ§%@@d§damm al s of
I nteractive Conmputer G aphics (Addi son-Wesley 1984), pages 553 to 572. 25

The determ nation of hidden surfaces or edges becones conpl ex and
conputational ly time intensive when several polygons contribute to the

appear.ance of assi anWe final rendering. This introduces
cl assical aliasing problens because the pixel typically represents a single
poi nt sanple. For exanpl suppose a bl ue | ygon covers one half of the

pi xel and a yel | ow .pogw’b’ﬁﬁé’ﬂﬂ?@?@' Qrﬁgh'sgﬁg%gﬁﬁﬁef‘?’“"HifBe'H"_?ﬂﬂ'ﬁbi xel shoul d
appear  gr eeqoas nhidfs, lis! QuiREdmnRin 18\HispRYnbt B b GimeRsibkitor focel  ar e

bl ended. Conputing the contri butions. _
dimensional objects but also three dimensional objects. The third dimension is

identified as the depth of the object. Each object or portion of an object are
assigned a depth value which indicates how close to the sutface of the display
that poriion of the image is. Thls.deplh value, aiso referred to as the “z” value,

15 is also used to determine whai images or potiions of images are in front of
another when those images overlap in the two dimensional space. For
example, if a first polygon has a “z" value of one and a second polygon which is
located at the same X,Y coordinates as the first polygon has a “z” value of three, (
the first polygon will be in fron(-of the second polygon whereby the second

20 polygon is hidden or obscured by the first polygon. Many techniques,
paricularly time consuming composiling equations, have been developed to
address the situation of hidden edges and surfaces. See for example Foley,
Van Dam, Fundamentals of Interactive Computer Graphics {Addison-Wesley
1984), pages 553 1o 5;72.

25 The determination of hidden suriaces or edges becomes comipfex
and compulalionally lime intensive when several polygons contribute to the_
appearance of a single pixel in the final rendering. This introduces classical
aliasing problems because the pixel typically represents a single point sample.

For example, suppose a blue polygon covers one half of the pixel and a yellow



‘to a pi xel becones very conpl ex when different polygons have different Z
val ues for that pixel.. Also, nultiple polygons can cover arbitrary portions
of a5 pixel. To compute the final appearance of the pixel all of the
sub- pi xel coverage and color information for each pol ygon nust be
avai |l abl e. For exanpl e. suppose there §2e 16 sub-pi xel sanpl e:
(0,1,2,...15). One polygon may have .a val ue of 5.and cover sub-pi xel
samples (0,1,2,3,4,5). A second polygon may have a Z value of 8 and cover
sub~pixel sanpl palygoh Govers/thd, diher hatir The final ipixe! Slibuldappear gredinasahe bivg be

dered Into the,f buf f first. T d t t lt, th
Cover nge. 2 andabyelom carienions fo Bl pfel ofq Peposst| ComRLngcie samabyions nt | |
th d i ' ' t
e second Is rﬁ@ﬁ&@l%dc%ﬁs%n@i é}%nfﬁﬂ%n\gh%r; &ge;gﬁgsog;éqyge%em [dapgs to as

many pol ygons as there are co rage val ues. In one

t echni que, onl yvahes fonthappiel. Alssprhgltiple polygsnsxaadoatr @biliary portionsasi@d t he
entire scene is constructed by processing a display |ist once for each

sub- pi xel sahpl Bixeli Jo eprapuig e fnal appagrance obthe; pixel gl ob the; subcpixe! gpvasags,

requi romonts. | EaAPt Pl e SERH o il SpRRIISY BRI 1

al  ows repetitisifpposo URsS iahd 16 sub-pirebstmipio: (0,9,231118)0 Ond'Poldsh MAEhaveld- pi xel
sanple is stored in 20 _ the frane buffer. However, this greatly increases
the nmenory requfvalyeral s angcaversub-pikelisamples 9.4 i2:3.45)-cA spRondpalygendnay| ay

list need only.pe GRS c 03l dk 3 T B meguibred for
each sub-pixel s Ps 't"flner PSre an
object of t§e DPeMfERPolygb ity ¥ Ireh8ered fio e fAMEBITRIr Gkt Tolprédiee tender i ng of
graphic objects on a conputer display device 5 which is efficient inits

use of nenory, ceites sesultotheunoneiageal autheqiordniptmationrnt thinrst palygonanust be
ltiple p i f th A, Di f.f f the f

Ut fer s pr ov SRR gL Ingrestont Burenudted fin B tealie BRE, T pepiieh eafonss ™™

val ues, sub-pi xg a§ﬂiéﬁ9%|6?ygoﬁ§‘ﬂs ﬂre?&bﬁ;coﬁﬂfgﬁoﬁé)éf 2afid eo\VirsgePRiiRst - The

franme buffer stores. pixel “information for each pi xel "on the screen,

i ncl udi ng subpi xel coverage. During the rendering process, the (ﬁi xel
information for each grafhionedeghaiate; enly-onmsnbpixel fampleisqiocassediat 8 ane

buffer. Howci-ger !im%san?ﬂgé %ﬂh‘r%néce% i%eéongm&ém i)rgﬂeésmg 4 Bﬁp&?'ﬁ& dhbe for
: each sub-pixel sample. In this way the information is stored in the display list,
minimizing storage requirements, but increasing computational requirements.
in addition, the scene must be siored in a manner which will aflows repetitive
processing of the scene. In another method each sub-pixel sample is stored in
o 20 the frame buffer. However, this greatly increases the memory requiréd for the
| frame buffer. Furthermore, while the display list need only be prbcessed once,

a separate computation is required for each sub-pixel sample.



pi xel locations are conputed, it may be inpossible to conbine-the two
separate sets of pixel information into a single set of pixel information.
while nmaintaining 15 the pixel information required to conbine the single-
set of pixel information with subsequent pixel information to be rendered
to the same XY location. To nmaintain t pi xel Information needed, the
first set of pixel information is stored in the frame buffer and the secgnd

set of pixel information is stored in the pixel buffer. The second set?;_g'):f::
pi xel information stored in SMAM—%:I&JH&EM&NN subsequent |y
reprocessed. The pixel buffer permts the processing of selected pixel

i nformation to be postponed until additional pixel information is avail able
which may sinplify the processing of the pixels shared in the pixel buffer.
In addition, this pixel information stored in the pixel buffer may be nade
avai | abl'e to a general !bistherelore,an ebigeinf thatnresent inveption torprovidd @ct i ve

conplex 25 ¢ i . PT] ON-OF TH .The obj ects,
features and g%&%%dgga‘gfra?%@ﬁbr%ggﬁ%ﬁ# ?’bﬁcaﬁﬂpﬁegﬁé\éw%&g?em from
the fol | owisng vitfidtpis|etfibicht ks e STmémorny YeBlivestomgDiatidnal'to Sangl 2

typi cal conputer-based system for rendering graphic imges according to the
present i nventdoes not equire multiple processitigrattheoscene2d are flow charts which
illustrate the process of the present invention. = NOTATI ON AND

NOVENCLAI URE The detail gd. L pL i || e presented | argely
In ternms of al gorithns Sﬁa‘g@%%?%a?é@5’?@4@%{féﬁ’f&ﬁ!ﬁeﬁ‘%eb(gﬁgfegﬁpgﬁeon data_
bits 5 w thi nsefectatpinélanforRamny inciliBing Xva GMids| Sub-pixelEsoveiage] atba and

representations are the neans used by those skilled in the data processing
arts to nost ePlasyalugdpra giphisypbjesh g‘lﬁo‘s@%b'éf’%ﬁiquplﬂewpr{"@t@ﬂd@mer s

Lo " mgy  ed So AFRE, o BEF I .2 O
3; 5a|t lhgzset %gug:ﬂsﬁb(isr heQiadh itomrizhioN ot ieRth gfabﬁia%bpa iBlRoRipuiid aheedibreliiis -
the frame buffer. However, as subsequent pixel inforr_nation for the same XY
pixel locations are computed, it may be impossible to combine the two separate
sets of pixel information into a single set of pixel information while méintaining
15 the pixel information required to cor_nbine the single set of pixel iﬁfonnation with
subsequent pixel information to be rendered {o the same XY location. To
maintain the pixel information needed, the first set of pixel information is stored
in the frame buffer and the second set of pixel information is stored in the pixel
buffer. The second set of bixel information stored in the pixel buffer is then
20 subsequently reprocessed. The pixel buffer permits the processing of selected
pixel information !6 be postponed until additional pixel information is available
which may simplify the processing of the pixels shared in the pixel buffer. In
addition, this pixel information stored in the pixe! buffer may be made available
to a general purpose processor which can perform selective complex

25 computations.
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necessarily, these quantities take the farm of_electrical or .magnetic
signal s capabl e of being stored, transferred, conbined, conpared, and
ot herwi se mani pul ated. It proves convenient at tinmes, principally for
reasons of common usage, to refer to these signals as bits, val ues,
el ements, synbols, characters, 15 terms, nunbers, or the like. It should
be borne in nind, however, that all of tHdge and simlar terms are to be
asso¢i ated with the appropriate physical quantities and are nerely
conveYitent | abels applied to these quantities. Further, the manipul ati ons
erformed are often referr i oL e ~SU 3 L N\Gheal i
3hich are commonly associ at . o q'n‘“°‘i°f 5
human operator. No such capability of a hunan operator is necessary, or
desirable in nost cases, in any of the operations described herein which
‘formpart of the present invention; the operations are machi ne operations.

Useful machines for perforging,the _operations. of the present inventio

i ncl ude general purpose di@et"g’e‘%b _ r@??"_‘gﬁé‘_fﬁ _ sso!f qus%mvag{uhnc\gi@ In

al | cases thege $Haufpdrdif rBMAE foIBwiigbtdilad ddsenptibh in Whicket ween the net hod
d the nethod of conputation itself.

operations in operating a conputer an
The present invention relates to nethod steps for operating a conputer in
processing electrical or other (e.g., nechanical, chenm cal) physical
signals to generate other desired physical signals. The present
invention also relates to ACOREM YR efxg'lh Be&fqg,g 1 _pAREd é‘}sitélﬂ%r Thi s
apparatus nmay be specially constructe Por-t requi red purposes or it may
compri se a gener akndstingQiaptioimages racesrdinglte the prebgntdmientien.ed or
reconfigured by a conputer programstored in the conputer. The 5

al gorithns presented herein are not inherently related to a particul ar
conputer or other apparatus. In particular, various general purpose

machi nes may be used with prograns witten In accordance with the teachings
herein, or itygmay prove NOFIGURES 286-@dt atefiow ehanswhichiliueirateahé processi of
apparatus to performthe required nethod steps. The required structure for
a variety of thedbepsesenhisvention. wi || appear fromthe description given

bel ow. '
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DETAI LED DESCRI PTION OF THE | NVENTION General System Descr ption Figure
1 shows a typical conputer-based systemfor rendering-5 overlapping

graphi c i mages according to the present invention. Shown there is a :
conput er 101 which conprises three major_conponents. The first of these is
the input/output (1/0O circuit 102 whi ¢FPis used to communicate information
in appropriately structured_formto. and from.the other parts of the .-,
conputer 101. ROJATION $0_NOMEMCLHATUREUter 101 is the central 10 = ',
processing unit (CPU) 103 and nenory 104. These latter two el enents arg”
those typically found in nost general purpose conputers and al nost all

speci al purpose conputers. In fact, the several elenents contained within
conputer 101 are intended to be representative of this broad category of
data processors. Parti cyhaterliedBbsFipidnsswtiiétnfdliow @td prazearalagely ino fill
the role of 15 conputer 101 include machi nes manufactured by Sun

M crosyst enrs, tenms of algorithms andisyrbolicatepresentationsf pperationp apdata bits/i ng | i ke

“Capabil ti.es_may.of course be ap | n,a.straj Jor .0 _perform
Cho funct ofis. BB A B ieoR) Hdst BirhiEbdiehetntiod ABRERebGn 7. .
105, shown in pygihefleadl us&!‘BPﬂioQB%killétﬁi_nﬁhé‘ééﬁ%c@ssih? aRS®'hidsPe
under st ood, however, that the I nput device may actually be a card reader,
magneti c or papHectivelp eoneydhe substance lof theitovark toathersiskied irdibeiacke (i ncl udi ng,
of course, another conputer). A mass nenory device 106 is coupled to the

/O circuit 102 ‘and proyi Lid r LLit r..the conmputer
101. The nmass nenory naé"?aﬁiq"ﬂg‘g'oﬁﬁgg'ﬁée%S&gg'r%ﬁg&g%%ﬁ %%L%Fli'e and mayu
take the form ghnsstemBeqidrice®i sieps Wadingle a'dbeled reeiit.0THEde S18ps ateivse

device. It will be appreciated that the data retained within mass nenory
106, may i A0appequiringahysicalsaanipyationsad physica! quantives: Ysualvd thaughingh i nt o

conputer 101 as part .of,. nenpr 04 |ty . ' Lmpniior 107 Is
illustrated mPEﬁeﬁsg"‘&s‘Bas% %“%H&g%i"‘é%p%?;‘g&’é&@g@gg%g" g’%@%"@%ﬂ%’%i cations
to the user ascifitle 3FbeifFBIOI, trandfBREE Tonbingd, cdmples, drRistrériseaccor di ng
to the process of the present Invention. The display nonitor conprises a
matri x of di spmanipdatedsntt provesconvesient at times, priraipally Jgri reasensof eammen or -

turned on” | nugagse??oc }eftelr(io_ aetsteesfgrr]ta?stas bits, values, elements, symbols, characters,

15 terms, numbers, or the like. # should be borne in mind, however, that all of .
these and similar terms are to be associated with the appropriate physical

quantities and are merely convenient fabels applied to these quantities.

Further, the manipulations performed are often referred to in terms,

&

such as adding or comparing, whlch are commonly associated with mental
20 operations performed by a human operator. No such capability of a human
operator Is necessary, or desirable in most cases, in any of the operations
described herein which form par of the present invention; the operations are
machine operations. Useful machines for performing the operations of the
present invention include general purpose digital computers or other similar
25 devices. In all cases there should be borne in mind the distinction between the
method operations in operating a corﬁButer and the method of computation
itself. The present invention relates to method steps for operating a computer in
processing electrical or other (e.g., mechanical, chemical) physiéal signals to

generate other desired physical signals.



ipredeterm ned intensities to provide a graphic image on the display. If the
5 display is a color nonitor, for each basic color elenent, e.g., red,
green and blue elenments, the pixels are enabled in a specific pattern at a
predetermned Intensity. The viewer of the,displayed i mage visually

conmbi nes the red, green, and bl ue el enent sl"at each.pi xel to perceive a
color image. Such a display nonitor may take the formof any of several
WeT1+known varieties of The presantinwgntipn alsodelatesto. appasalysdprperiarming: dat a

is pedvided to the f > buf f 108. The 1/0 ci it 10 h .aphi

e a5+ oheSROPSEENS THEAPPOiRtES may R ARACAN opST ISR N hA dediial
t he di spl it t lL.qcat i ' ' by th

i c i moge” SBosey arlff ul coiniifiss i Geret ftlodd baMRUIY asiieliaia O | he

and edit the | %?agat@,e@d}g#,%cgﬁygsgisn[pgﬁr prograhtiaidretl NG corputst! e

means to input ormation 11Mto m 'Al'50 included is pixel buffer
110 whi ch i g usAdbrithmeprésersied herdin ate adcinhefentiy celatedsterd particalar computer
store the pixel rnformation with respect to those pixels which cannot be

i mredi at el y r esorlother apparatnsgrin particulasyasious genpeal pumaseanaghipes maythee sane

B S s b neon o oS i s (e RO BB
T0h%or The 11 HI6YE i FoblenBnCioRoRslidl ord GhePlize BpblrahictoerBEAANE
description of I{?(g‘gi_ré@mﬁéd’&e’é&s%bl?_éiq‘tfifdgasthﬁlﬂéﬁbmvaﬁetpcdﬂmmaa\iﬂes

raster display I ce. However, it w be obvious to one skilled in the
art_f rom r agdi ngilitappeto fromthegdeticeptiors given below.t he process is not linited
to pol ygon rendering and can be applied to the rendering of any type of
graphic object. In the scan conversion process of a polygon, the polygon,
which is- defined by the coordinates of its vertices, is converted to a
raster image conprising a plurality of display elenents referred 10 to as
pi xel s. The outline or edges of the polygon are first determ ned and the
pi xel s between the pol ygon edges are then filled. For nore information on
t he scan conversion process see: Faley and Van Dam Fundanental s of
I.nteractive Conputer Gaphics, (Addison-Wsley Publishing, 1984) pages
431-476). The data associated with each pixel typically consists of the x,

y
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15 <coordinate |ocation of the pixel, the depth or "z" value, and data -
whi.ch identifies the color (e.g. rgb) or intensity of the pixel. A subpixel
mask may al so be used to indicate the |ocations of coverage within the

pi xel . For exanple, a subpixel mask maygprovide a 16-bit pattern on a 4x4
grid of coverage for a polygon on a pixel. The mask represents coverage of

a conbi nation of_16 MQES 20 Rl US, ul oyerage and no coverage
whi ch provides for 1 LALLER o RERCRIEHON o+ Q8 L i dNNENHON ps1s. Fox: .
exanpl e, the mask may be a 4x4 array conposed of bits where a val ue of *Z&ro
I ndi cates that the polygon does not cover the subpixel sanple point and a
val ue of one indicates that it does. To generate the subpixel nask, the

pol ygon pixel s, are quanti zed to subpi xel 25 values after passing through
any geometr i CMMW to Figures 2a through 2e, the
process enployed will be herein described. The graphic object, e.g., the
pol ygon, Is transl ated pigurel Pskows® typicl GorfptbPbased Bafent RITREAdRHRY Pi el s.
At bl ock 210 each pi xelﬁ_éof of the grye'lf)hi C o?)j ect I's conpared to ?ﬂe

cor r espondsng opetiappingrgraphic images doabiding tothe)pres8ot invérdiohr Bhowhufdrer | nage
representing {he backgr d, J e Qr scene agnd those rgphi ¢ objects
rendered pri oﬁs?@TH@gﬁﬁpﬂHFnaggﬁ'Bﬁ% tg@ﬁé’&%‘”t.‘i?“ﬁ!?"?@ﬁdé’?’@g#“e ch pixel is
anal yzed sepaggdealiy F‘?Ihfb@f&ﬁ Y02 WhiB resul t ant
graphi c imager‘_ he gﬁ?e nror gg?ir%%m?store eﬁr?'%é%g(\i??g@eﬁﬁbc% er is the z or
dept h val ue, tinfermatibnin appropriately stricturedfgrmdel anddroim thepothergarts obthehe 5
coverage of the pixel. At block 220, If the "z" value of the pixel from t@
gr aphi ¢ obj ectCOfRUIRr 101, Alsgphqwn@s apast of compuler 391 isthe ceptrals pondi ng pi xel™ .
fromthe fra ‘P‘%E 'ﬁr?%p“ e ¥y iped with the
inforrratic%lg irT?r eg'ﬁéghe u ﬁeérb Za'%d Th@%@otdrzés@c?ﬁg?artlge@%?’gg\eﬁ%%tﬂg frame

buf fer which ithoséetypicailyfoshdinanosl igegerabpurpssexgoniputerdiandiztmbst@iit i on of the
graphi c object pixel. 10 Referring to Fi 'gure 2b, at block 292, If
the new nask (SPREIA! RuUIPRSeCOmMMIATRe I fagh kher savetahelemeniseantaippdwithing xel ) does

; I . _ : . NatAN K
Chen. 't bf ocIEoRHHeF 1R 388 tiingBBs o heprpSentirff Br PiE 6rhg BpisBhey o Buug™ ")
mai nt ai ned at processSereE Particufar anamples bt Suitable Yatd precéssaretotinithefolsobpi xel
mask (1b;,mask) is set to be the |ogical OR of fb mask and 15 new mask.- At

bl ock 296 ¥he compylerd01indude machings manulagtred by Sunddicrasystems; icequal t he
sum of the col\gr., Qhin Vidw, E @i 'SiREr Bripthert hilihg likéBshabiifies Haf of O t.he

course be adapted in a straightforward manner to perform ihe functions

described below.

O

Also shown in Figure 1 is an input device 105, shown in typical
20 embodiment as a kéybo_ard. it should be understood, however, that the input
device may actually be a card reader, magnetic or paper tape reader, or other
well-known input device (including, of course, another computer). A mass
memory device 106 is coupled to the /O circuit 102 and provides additional
storage capability for the computer 101. The mass memory may include other
25 programs and the like and'r;lay take the form of a magnetic or paper tape
- - reader or other well known device. It will bé appreciated that the data
retained within mass memory 106, may, in appropriate cases, be incorporated

in standard fashion into computer 101 as part ot memory 104.

In addition, a display monitor 107 is illustrated which is used to

30 display messages or other communications to the user as well as graphic



graphi c object pixel (new [err]). If the |ogical AND.function of not
([err]) newrask and b mask Is not equal to zero, the pixels to be bl ended
overlap. At block 297 the frame buffer z value [err] is maintained to be
t he sane value, at block 298 20 the sub ﬁBer mask -[err] nask s equal to
[err]mask | ogi cal ORed wWith n | ock 300 the or of the frane

buffer pixel is dfY9%% B8d ‘H@@B?W@W@%W@"&}a&lwﬁ%séﬁ R'ﬁs?'ﬂ bl ock -300
whi chi Yet er mi nes jry@nfigH, OfheP ﬂhaﬁttdreoﬁabﬁse%@mwd Pﬁweuemd:@ns of each

pi xet~that is, the color contr| bution of "the frame er pixel ‘and from
t he graphic Obj ectefpiradbio asopixels, which ﬁefaaabledgr nambdbn Iﬁlmw1|emﬂem aht

bl k 270 i | e t th bj ect |
Front of the cor r BEEIRITIGSMETAEs 1p PERvids & aiEPRRAmapE. b i dEPEY, '.z'pffu'rz 2.
.at block 330 i§ i ahgﬁwwca mwrhsfeséiﬁbé“sﬂy@&mmmm Jaﬁgm[

t err mask

overlap. Thus It o} |ca AND oper ation of not new mask an

I's not equal to zbhe, elerhenlé.rthafplxblsfa‘reenablwin-dapmﬁ@anamatai predétetmined t he
30 graphi c object pixel data and therefore It Is desirable to push t he
frame buffer pixelntensiy. Jﬁ?d‘eﬂ%"bﬁhﬁéﬁsl’lﬂﬁﬁHPaQQ)Y'S%“bPa@B'“FbFW 840). It

shoul o be not 0. Bdan.Shi NSl B LT 0B pd 4 Bk AL g 7o
obj ect pixel dat adiswaguﬁ&mrd ?Qaktehﬁe Foriteot dny iof Severdl wellikaown gareties SND

function of [err] newrask an is equal to zero, then the new pixel

from the grapAPc mtewwm!awéevmat dIhe @raphic '91399 &lotads pravideddo thedraree putili ng

| somr ot D108 B VRF Gl Sof Mt I BabhE ibqe et o d e Bl 0L 2
by the graphic 0bJ1©Starﬂ'éfﬁble§'ﬂ€b @drréébéwdﬁg ﬁﬁ&s oRGRe dﬁﬂa AonitbO7 atane

buffer subpixel mask ([err] mask), z val ue err] and color value [err] are
set to be the val lhﬁatloﬂ ant intensity Bpecifisdjhydbe prapbcimagspe@t |A/€l!f90l’1®ﬂl'ﬁbvwrask

cover the 11 buoPds vl iscledfodfiife Sedot R oL e e 3o SF SBT" X

pushed onto tRE Piptaliaédd hidfe c&ﬁ%&m@ﬁﬁﬁ@évﬁ; 18 S;ﬁﬂnid%iéﬁbn M&e's&sﬁahﬁn pl aced
In the frame buffer as set forth in blocks 350, 360 and 370 ef erring back

to Figure 2a, If the z value of the graphic object pixel Is 15 greater
than the z val ue of thé'ﬁ?dm'@!ﬁgdﬁalxﬁwbm whichds usady aceordiag to haSYSIgRY or

pixel is in front oq thet Qr%sgnt? v%'n on, ?6 ﬁs}e tRb Xﬁkel iﬁ%m&k&&? tmﬁt?&pegt' tg%@seZd 't

I's
| pixels which cannot be immediately resoived due to graphics objects which

~ partially cover the same pixel at different . The pixel buffer 110 may be a
20 separate memory device such as random access memory or a first in first out
\M (FIFO) buffer, a register, a queue located in a predetermined portion of shared

memory 104, or the like.
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det erm ned whet her the franme_buffer pixel conpletely covers the graphic
object pixel. Thus if [err] mask AND new[err] is not equal to zero, then
the frame buffer pixel does not conpletely. cover the graphic object pixel
and at bl ock 390 20 the graphic: object xel data (newpl xel data) Is.
pushed onto the pixel buffer and as illustrated by bl ocks 410, 420, 430,
the frame buf Bsecess Resotipliomi ntained ([err] ). If the frame_buffer pixel
conpl etely covers the graphic object pixel, at block 400, the new pi xel;:‘_",}\,_\
data |s discarded because the frame buffer pixel data conpletely cover3$the
graphi c object pixel and:there 25 is no need to retain the graphic object
pi xel data. At bl ocks 410, 420, 430, the frame buffer mask ([err]), the z
value ([err]) and the Jdbedhelovatiacustion of therdetaibdescrptioncbitte invention same as |'s
stored in the fra uffer,. .Referring to.Fiqgur e, .once the processing -of
the current pf’?ﬁ‘f'{g%%&%??ﬂpﬁqwf pPiY9° %Qﬁsq%'o‘ﬁf'?%%g VicR- t oY 'n‘ék‘f‘ﬁpi xel
of the graphi i " RS Hie&hasi i xel -
BUFf or s EhesEanont 1 o ieRh A RGRYoRing I Bbing WkfuqsiontBar L -

I f the pixel Ltheprocessisinot limitard tolpolygan Aa@eringrend carBbé appliedrtodiessi ng t he

next pixel, the pixel buffer |s checked, .at, bl ock 450., to deterpine if the
el baft er  TEndRg of Al e of FraBHE P 1 the SR conigrsig BEIESIRBI 21 e pi xo

data stored i : ' 3.1ime and
Che ot xel 1 enfoyBn.Hb pblrgbrk Hidtic boMeulsy, IR EbGTEraNg ditl Fenes. b 1, 2
repeated. 5 ldpoverreajom'ef_sl_e'r impgescompdsing lacpiyrality lof display letermmemteteléredd er_ W II
e R e T
reprocessing, diifs Satwk&HEEPoljoR'eBges éreqrae@mﬁar tFio? cé wﬁna@taﬁ Bnitfe L hE

pi xel buffer in alternative nmenory 1 n order to clear at ast a portion of
t he pi xel buf fsean conversien pracess see:FoleymndManddam, Fufidamentalsiof interartivae

alternative ry is_subsequent t i tt back jnt.o the pixel buffer or
read directly M@ ersVé' ré‘%ﬁﬁ“@u@égams F%%&ﬁ)essi ng. |f
additional pixels are to be processed (block 470), the next pixel of the

graphi c object is Wh@ﬂﬁ&%ﬁoﬁﬁbdﬂlﬁhﬁ&iplxéhfﬁcbéi?boﬁﬁﬂﬁfﬂmmjyeﬁ's have been
u -

- rendered the final reprocessing of the pixe fer occurs. During this 15

reprocessiliy taserdinatefocslien efithepixek therdeptiver “ghealueangd data phichiidentifiesh
The pi el dat NP OBt tuttpRly of Bl ARyl SRR e ahbRubE
the size of thg imliedte the locations of coverage within the pixel. For example, a subpixel
mask may provide a 16-bit pattern on a 4x4 grid of coverage for a polygon on a
pixel. The mask ieptesems coverage of a combination of 16 subpixel areas
20 plus full coverageé:‘a.ﬁd no coverage which provides for 16384 different \J
combinations ol.subp!xel masks.. Fox example, the mask may be a 4x4 array
composed of bils-,where a value of zero indicates that the polygon does not
_ cover the subpixe! sample point and a value of one indicates that it does. To
generate the subpixel mask, the polygon pixels are qﬁantized to subpixel

25 values after passing through any geometric manipulations. _

Referring tb Figures 2a through 2e, the process employed will be
herein described. The graphic object, e.g., the polygon, is translated at block
200, to a graphic image comprising pixels. Al block 210 each pixelofof the
graphic object is compared {o the corresponding pixel in the frame buffer image,

30 the frame bufier Imége representing the background image or scene and those



-
T

data in-the pixel buffer no-longer decreases. |f the nunber of sets of

pi xel information in the buffer ceases to decrease during reprocessing,

bl ock 490, 20 the pixel buffer will not empty. If the pixel buffer cannot
be enptied by the perform ng the processingj@gscri bed above, those pixels
remai ning In the queue are processed utilizing tinme consum ng bl ending
conput at i oas— Thegraphie ebjeetsyrenddréd friorio el guvent graphi¢ objebt RbecRAPerRY.
conpasiting equatjons) which.:my be used to performithis blending. 25

By déf8rring the '%a xql is-aralyzedisepnalahyandindependenliydn aidarto geaeraletpe

ati : . ; ' oct

Fanter ed 151 ocat Saoian B Roagh."PIELlASHGHRRR sBIRER YT Wam BN Rk °°

Tendered graphi c orldjeptit vatem tiss cotbrevhiueyara the subpixglimesk represariimgitin stored in

the pixel buffer, thereby elimnating any need to performthe time

i nt ensi ve comSut N@ﬁgaggthm-, Al WB%%ZQ  ffghe 2 ¥ajue otihg pixelirom theyaapbist | ons
¢ d onl . . : ; _ . ¢

of “phxel i nf or S g7 B fBftoind TyEilp P ing DhbherFoGual oMb s, 7

t he present i nvertutfeniniggectb_izythertiho @ikel can beesmbihed)wilp HednoAnatiol 1A ke
mul ti pl e pol ygons have a comon edge. When multiple pol ygons have a conmon

edge it is desirdranee buliar al the eastaspending,eixel of thet framabuftes whichls deterraingdne 2

Val tes: i 1 i s chsaREiR g AL cdorsneTRER Yy P @G SBR[y he

common edge i s conputed. The pixels conposing the comon edge for each of
t he pol ygons mssune t [RefarriugloEiguie 2by atiblozlt 200/ if tHeaneme mrask dihatisithe vect or

S TR D T WERRONE T P

|s added to the coguppy mev.gg‘teé%%{ PRSI (b e tndrl) &1 BG4 e vaiE YORG | S

occluded at a sil houette e nventi on een described in
conjunction wth tréee putiérepixel @bezjiis diaintained a1 the same salue antat block 295 the

alternatives, nodjficatjions, variatigns a uses .woul d pe - rent to those
skilled in an art"?'ﬂegHEe’aﬁ“Pp'l"ﬂ' 'F'?ﬂﬂ?b—mas?ﬂﬁ'si‘é" bedhe 91°ﬂb8§2§ & maskand | n
particul ar, t b aleh ' | ey ' | of
the type of c%ﬁpub%?‘lqgﬁ%' ?ﬂaﬁé d#acﬁ}%tglg@gan%: %%@gﬁ%@ryﬂi%’dﬂ 'élr%gllt‘rﬁlgédugp
equations that nathelstm aithelcplodietihe framedutfenpiiet (fbt rigb) aretthaedios of the - be

Wi thin the S_C ope 8iapthirt]:eobrj-)erc(ta iﬁgtt (nie\rn]lxtegg;.i ﬁ?ﬁe lgglgl r}\el\EDrrR.'rn(ta:liorE Qfenott ?§)t nsew_mask
and fb_mask Is not equal to zero, lhé pixels to be blended overiap. At block 297
the frame buffer 2 value fb_z is maintained to be the same value, at block 298
20 the sub pixel mask fb_mask is equal 1o fb_mask logically ORed with
Y | new_mask. At block 300 the color of the frame buffer pixel is determined
acbording to the equation set forth in block 300 which determines the color
according to the amount of contributions of each pixel, that is, the color

contribution of the frame buffer pixel and from the graphic object pixel.

25 Referring back to Figure 2a, if at block 270 new_z is fess than fb_z, then
the graphic object pixel Is in front of the coﬁespondlng frame buffer pixel and,
referring to Figure 2¢, at block a:_;_o_t_t Is determined whether the coverage
within the pixel overlap. Thus i the logical AND operation of not new_mask and
tb_mask is not equal o zero, the frame bufler pixel data is partially behind the

30 graphic object pixel déta and thetefore it is desirable to push the frame buffer
pixél data onto the pixel butfer for storage (block 340). It should be noled that,

although not preferable, in the alternative the frame butfer pixel data is



performed to determ ne whether to tenporarily store pixel information in _
the 20 pixel buffer is only illustrative and can be nodified to conformto
a particular systemor graphic rendering process. For exanple, the equation
set forth in block 310, Figure 2b may be| gonsidered to be too conputati onal
I ntensive to be perforned durln? the initial rendering process (as it is
done in the faRtainedin iheshame beffasgnethpgrephie poiacipixel datmispushed omonay be

deferred unt B'g é‘pﬁ‘{sﬁ'&;' al 25 rendering process is conpleted by pushing;
t he graphic data (new_pi xel data) onto the pixel buffer. Akffer

the pixels in the pi xel buffer have been reprocessed (bl ock 490, Figure
2e), this equatlolltl(alogloalkNBWGhbb héve miaskanddbr maskisrsgualdo Reros | S . -

14 - CLAIMS 1. ~ An apparatus for generating graphic inmages from graphic
obj ects for mwhawem'ae'gwgpm@san!ﬂvs&m pixel data completely caysss the di spiay

pr ocessi g uSptSRaBd tanie fone? kgl e itk 0B MRE R TR PRI 2 "2 The
di spl ay devi. aw_pimudtagsmmedmmebmﬁﬂndbepémﬁad@m leliowdi spl ay device
accordi ng to the pixel data.stored in the frame buffer, each pixel data

conpri si ng afoMpletely coyered by thergrephip phiert pixa! and ahblonks ﬂ§0 69 sind\378evi ce,

the col or of ofS t he extent of

coverage acrééégﬁ?ﬁb‘%heg%pggfﬁgﬁl @néﬁﬁg{\@m o@?ﬂz?j?w& of H% %Iepth of the

pi xel , said qmgagbqtawsétubtbbahe G808Y diIhdgra hialeecfrﬁaeﬁ(rsspe ppelyed to the CPU
for receiving data defining the graphic o - transl ati ng neans

ec
connect ed0t o NeMemasiurewnza news igb). t $imﬂ§ﬂ)at“||"|g Qtﬂﬂb‘@mlw%ﬂ?@mmdat ato V
graphi c i mage dat nes ,t of .. L he ect;
et eval o OielE SRV A EPe Bl i A o 3HE 1 pp APl 08
cor r espondi ngs pisHER dé LRy pedibBlterdleGraphic object pixel data Is then placed in
the frame buffer as set forth in blocks 350, 360 and 370.

Referring back to F'Igurelza. if the z value of'lhe. graphic object pixel is
15 —gréaler ihan i'he z value of the corresponding frame buffer pixel t'h'e frame buffer
‘ bixel is in front of the graphic object pixel. At block 380, Figure 2d, it is
delermined whether the frame buffer pixel completely covers the graphic object
pixet. Thué -~ ib__rhésk AND new;mask Is not egual 1o zero, then the frame
" buffer pixe| does not complelély cbver the gréphic object pixel and at block 390
20 the graphic object blxel data (new _blxe! data) Is pushed onto the pixel bufter
arid as illustratéd by blocks 410, 420, 430._ the frame bu!fer values are - r
' maintéined (lti_mask. fb_z, tb_rab). If the frame buffer plxé! completely covers
the gréphfc object pixel. at block 400, the new plxelldala is discarded because
the trame buffer pliel data cOmp!eleiy covers the graphie object pixel and there
25 Is no need to retain the graphic object pixel data. At blocks 410, 420, 430, the
frame buffer mask (fb_mask), the'z value (fb_z) and the color value (fb_rgb) are

maintained to be the same asis stored in the frame buller

- _ . Referring to Figure 2e, once the proceSshyg’_’pi_’ the current pixel s
compleled, the process continues with the next plxéi of the graphic objecl.
30 Before proceséing the nexi pixel, the pixel buffer is checked, at block 450, 1o
determine it the piie! buffer is full. ¥ the pixel buffer is full, at block 460, the



:stored in the frame buffer, said corresponding frame buffer pi-xel data
identifying a pixel located at the sane(x, y) coordinate pixel |ocations as
the graphic i mge pixel data to be rendered; a pixel buffer; conparison
means conprising a first and second input respectively connected to the
translating neans, the pixel buffer and tfi retrieval means for receiving
graphi c i mage pi xel data and the corresponding frane buffer pixel data,
and_-a first

buf figr and the pi xel  buff I.son rre

mtbre %ﬂﬂ:@ﬁﬁhg tﬁbl hﬁntpi:(ee smﬁﬂkel\wﬂm is ohptked, @t blook 46, tbr ane
r [ n he z

val ueof the gr aﬂ#‘%’“i"ﬁé’dhﬂ B‘K?@@P"@fdﬁ 3‘"61“&"%“@'@5’1’%" ';“)cr;?g °buf fer

pi xel data and
data and the

EA{Q 9103‘&‘ in ﬂ'E%&ﬂ?lf is P{]bg fROnPIRB btter one pﬂ@l at a' t%d theé xel

p| Xe correspondi ng frame buffer pixel

dat a, sai d corrparpbsbrandadngspromspr leptesgnted by blwk&2%lhw9b129ﬂhb repeatsit ¢ i mage

pixel data is e

data, if thed o

buf fer pi xel

datpdcaié th

equal to zero,

data and the comb@poiﬁmerweﬂm

| to th I h ff
HRm o REs G Y 1 st TS ERVRRE b BB o B
bfew&wbéumétekuaéd by'@ sibse0emtly réng@sredigiephicdat a i s
a first bl endi n%érreans for bl endi ng t he graphi c i mage pi xel

rampinsipll piterdeprogasging.dhe aﬂmf"ava‘%e frane

buffer, and if the,l %'nﬁﬁloi ﬁ{ﬂ%ag inﬁﬁ@g(tﬁ?llggiféﬁﬁ intneHB‘?y mYra&pondi ng

frame buffer pi Xel

and the subpi

sk 0 e graphic 1 mage pi xel

data i s not equalledrat kasta pmtnmeuﬁdhmlpxbél@nﬂemg ordaaMﬁr_metpr_ec@sm e graphic
da_lt ada?an % t 2 gltgr%tlrvg SrlE)e%]odrly psgs_u{)ééa};rﬂ%nﬁy%&gn b%'cl%(ﬁko the pixel buffer

I mage pi xel
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or read directly from the alternative memory for subsequent reprocessing.

If additional pixels are to be processed (block 470), the next pixe! of the
graphic object is processed (block 475). Once all graphic ob]ecls have been
rendered the final reprocessing of the pixel buffer occurs. During this )
repféces#fn the pixel butfer may empty, or there may be pixels which require
_more complex calculations in order o be renderend into the image. The pixel
data in the pixel butfer will be reprocessed, block 500, until the size of the pixiel
data in the pixe! buffer no longer decreases. If the number of sets of pixel
information in the buffer ceases to decrease during reprocessing, block 490,
the pixel buffer will not empty. if the pixel buffer cannot be emptied by the
performing the processing described above, those pixels.remaining in the
queue are processed utilizing time consuming blendin§ computations. There
are many well known algorithms (such as complex compositing equations)
which may be used to perform this blending.

By deferring the time intensive blending computations, most blending
'oomputations are avoided or eliminated because a subsequent graphiec object
rendered is iocaled completely in front of the portion of a previously rendered

graphic object represehlad.by a set of pixel information stored in the pixel

buffer, thereby eliminating any- need to perform the time intensive computation.
Thus, those time Imén_si;é blending computations are performed only for those
pixels which for which there are multiple sets of pixel information which cannot



data for output to the franme buffer; if the z value of the graphlc |nage

pi xel data is less than the z value of the corresponding frane buffer pixel
data, if the subpixel mask of the graphic image pixel data occludes the
subpi xel mask of the franme buffer pixel data, neans for discarding the
frame buffer pixel data and neans for outputting the graphic inmage pixel
data to the frame buffer, and if the subpPxel mask of the gr aphi€ i mage

pi xel data is not occluded by the subpixel mask of the frane buffer ptxel

data, means for pushArghdriembotiient Brthb 8ystem et theditbsent Mventidinakesiflo bufTer
and neans for outputting the graphic inage pixel data to the frame buffer;

if the z val ue 8¢countagpegitligraphiccasepihase mudtiple palygpne bave atdummqmadgze val ue

of the correspo uf f |er dat a mask of the
frame buffer pi Q&t 8’5‘?@388@ cammon gdge 'Frﬁs‘*}sg?sﬁ?ﬂ?' FRMBOD age
pi xel data nean ﬁpﬁ%" d I f the
subpi xel mask o?dééh)giﬁtgrft’g ggm&;@g?gg?ﬁbgﬁghg?ggngtggsgéd u eut?'ﬁe subpi xel
mask of the graﬂfi'mselmglayrhmhddad at difterantsz Vahespdslhimgnbwmgnaﬂteiz i mage

pi xel data into the pixel buffer en al | graphic |mage I mage pi xel
data has been cHﬁ'Hﬁ?&ﬁ‘Q%"%’r’@g’BmPﬂﬂ‘q o %ﬁg’i?\égddif‘ﬁ ns for

readi ng the pix % i t e
conpari son maangbwﬁg%'é %’P’E"e lmhﬁieﬁg‘b ?P‘é z%%’?l S not
occl uded by t hedstebrplmedlforrme kepnésehtnhvé veoter dmdfﬁrecesphgebnaimea,ascset foitht he
subpi xel mask of the frane buffer pixel data is not .
in Figures 2a-2e where the z values are equal. When the polygons are back \J
10 facing polygons, a value of one is added to the common z value to insure that

the back facing polygon is occluded at a sithoustte edge.

While the invention has been described in conjunction with the preferred
embodiment it is evident that numerous alternatives, modifications, variations
and uses would be apparent to those skilled in an art in the art in light of the
15 foregoing'descﬁptidn. In particular, It\e blénding equations desc_:ribed above
are ohly illustrative of the type of éom'put_ations that may be employed. Other
simple blending eqtsatibns lhat may be tapidly delermined can be utilized and
still be within the scope of the present invention. Furthermore, the tests
performed to determine whether to temporarily store pixel information in the
20 pixel buffer is only _illustrative and can be modified to conform fo a particular
system or graphic r'enderth proéess. For example, the equation set forth in
block 310, Flguté 2b may be considered to be 0o computational intensive to
be performed during the initial rendering process (as it is done in the process
illustrated by Figure 2b) and the computation may be deferred until the initial.
25 rendering prdcess is c_ompleted by p_tjshing the graphic object pixel data
(new_pixel data) onto the pixel buffer. After the pixels in the pixel buffer have
been reprocessediblock 490, Fl'gttte 2e), this equation can be executed fo

. blend the-corresponding pixels.



.occluded by the subpi xel mask of the pixel buffer data, a third bl ending
means to blend the franme buffer pixel data and the pixel buffer data;

di splay control neans connected to the franme buffer and- j '

to read the nodified pixel data stored in the frame buffer and enable the
correspondi ng pixels on the display at_thg color specified by the nodified

. pixel data to genecate the graphic image on the display; whereby only those
grapki c i mage pixel data which remain in the pixel buffer are conbined with

the fyame buffer pixel data using timClAEMS8m ng conpositing equations and

the time consum ng task of conpositing of those graphic inmge pixels which

are behind and occl uded by frane buffegegixe I s avoi ded The

e 2
appar atus f ob« gener afPn FRPAEHEUS | $ox cgenerating, graphiq images from,
said first hyeaphfie spjecthl eogsdibplayaphi a graphipsxdispiay device,

cor T . : : : _
Corr) Lerr] daiaTGrabhae. "aigp1ay Dalich J' Rhiddsify ¥ | BleidE TR | POT
buf f er pi xel piineds, [ ssaid r appesatus t¢compriming| anmentral hprocessing nage
pi xel data, Lgif] @i idifbd S PECEEKRLY biReds Ubinrdidid! €4 thb idiy frane
uf fer pixel data ‘and ‘draphi c 1'age pi xel data, + represents a s n
operation aand Othe ciisplay deviggicasaidR cﬂ?@m{%h.i!!jage W
appar atus fogjggnayeldl h JtRehidispIRgesiésicet atedbtling dai thé, pibelkin
sai d second bl endi hg neans ,
data stored in the frame buffer, each pixel data
comprising an (x, y, z) coordinate pixel location on the
display device, the color of the pixel and a subpixel
mask which identifies the extent of coverage across the
pixel, said z coordinate identifying the depth of the
pixel, said apparatus further comprising:
input means connected to the CPU for receiving
data defining the graphic object; -
translating means connected to the input means
for translating the graphic object data to graphic image
bixel.data which defines the image of the graphic object;
retrieval means connected to the frame buffer for
retrieving the corresponding frame buffer pixel data
stored in the frame buffer, said corresponding frame
\ buffer pixel data identifying a pixel located at the
same (X, y) coordinate pixel locations as the graphic
image pixel data to be rendered; |
a pixel buffer;
comparison means comprising a first and second
input respectively connected to the {:ransla_ting means,
the pixel buffer and the retrieval means for receiving
graphic image pixel data and the corresponding frame
_buffer pixel data; and a first and second output
respectively connected to the frame buffer and the pixel
buffer,” said comparison means comparing the z valueof
the graphic image pixel data and the corresponding frame
buffer pixel data and the subpixel mask of the graphic




bl ends- t he graphi c i mage pi xel data and corresponthg—F-t’—&n%__bJ.li_t_LQi xel

data according to the follow ng equations: [err] [ err] [err] [err]
where fb_mask represents the subpi xel mask of the mn”m dat a,

- new_nmask represents the subpi xel mask of the grap ta fbrgb
and new rgb respectively represent the_ or of the frams bliffer *pi xel data
and graphic inage pixel data, ont-is a function which counts the nunber
of sub-pixels set in a subpixel nmask and OR represents a | ogical OR Y
oper ati on. 4image ]StixeAppad&tals and getlmat sabpdxedhi maskgedfas thé f&’th

in claiml wWwghad f a b r

apparatus for genéc}F atl rapnﬁgcJ Tb?l;fgfee? a ?fgﬁ:ﬁ sa cI a??#qaﬁﬁg?gi n
sai d pixel MHANG G R in a random access menory. 6. An
apparatus for generaif 'ﬂxﬂrﬁpﬁmér@ﬁ%érﬁﬁ chm.hEa G pfke1 dQEadisr! ay

ome % of “bideial” 88 Phel'3 FRaus cb%pg{g'?nsgir%éﬁg $ng; Szang ngutser ©
(CPY), marrprmi,xei faatee, buf f er connect edht odt heI CPU 2nd t he di spl ay dgv![ ﬁg
o xel “data storeq i it nenf, T8t ‘%‘?‘T%eéch*ﬁﬁxe“& L REFR o e .
z) coordi nat@ﬁﬁ%&ﬂoﬂm Sﬁ'aBﬁ et ppiyedcdata  and tbleorsubpikel pi xel
and a subpl HRsKTRSK the CHrapRit inage! PEx8X! ABLaOH sCUGRIAIRSZESS, LhE
first blending means for blending the graphic image pixel
data and the corresponding frame buffer pixel data for
output to the frame buffer, and '
if the logical AND of the subpixel mask of the
corresponding frame buffer pixel data and the subpixel
mask of the graphic image pixel data is not equal to
zero, a second 'blending nieans for blending the graphic
image pixel data and the. cbrresponding frame buffer pixel
data for output to the frame buffer;
if the z value of the graphic image pixel data is
- less than the z value of the corresponding frame buffer
" pixel data, :
if the subpixel mask of the graphic image pixel
data occludes the subpixel mask of the frame buffer pixel
- data, means for discarding the frame buffer pixel data ».J
--and means for outputting the graphlc image pixel data to
the frame buffer, and
_ if the subpixel mask of the graphic image pixel
data is not occluded by the subpixel mask of the frame
buffer pixei data, means for pushing the frame buffer
pixel data into the pixel buffer and means for outputting
the graphic image pixel data to the frame buffer;
-if the z value of the graphic image pixel data
is greater than the z value of the corresponding frame
“buffer pixel data, — -
if the subpixel mask of the frame buffer pixel
data, occludes the subpixel mask of the graphic image



pi xel , said z coordinate identifying the depth of the pi xel , said apparatus
further conprising: input neans connected to the CPU for receiving data

defining the graphic object; translating neans connect ' ans
for translating the graphic object data to graphic irra$ II“”"I m&mngh

defines the image of the graphic objectl {getLieval neans cénnect®edsto*the
frame buffer for retrieving the corresponding frame buffer pixel data

stored¥-i n the frame buffer, said corresponding frane buffer pixel data
i dentiTyi ng Pinede| dabaameanst fior discaxding) theooraphic gimage | pix¥elons
as the graphié‘ag,_[r,a &i xel data to be rendered; a pixel buffer; conparison

nmeans conprising a |h£tst and second _i nput_respectively connected tp the
F ZHE

transl ating neans, pthe awhnixel, WMaske oforthe AFape, RULEST (RIXEY| ng
graphi ¢ i mgQidtaclodat hotbédrude’ thep@ubpikdY andskubEcthd xgraphie, and
a first and sgcond oytpyt respectivel onnect to e fra buffer and
the pixel buff®q9€s %ﬁoré%lé?Soﬁeﬁ&%sgeﬁ % g‘]? FEARRiS ifaos
graphi c i magepixek|dalta ainta the pixekspofifieng frane buffer pixel -
O e s ot s g HE! g sl T80 Plifog Bide T Mnbines .,
* C L Mbeen compared tecgerrespending framenhduffex Rixgl tdatayaphic
i mage pixel Gideng S £BEUPedding Otie Vpise 10 buiferc Cda€a PerdmtHe apExbYf f er
pi xel data, Il;uépgi'l Sg:lrc lnpﬁ@ t%f .tt.!?e? 383 Iai('glsorrxra ;Snéa%];. tw eerein if -the
subpixel mask of pixel buffer data is not occluded by the
subpixel mask of the frame buffer pixel data, or if the
subpixel mask of the frame buffer pixel data is not
occluded by the subpixel mask of the pixel buffer data, a
third blending means to blend the frame buffer pixel data
and the pixel buffer data;
display control means connected to  the frame
buffer and the graphic display to read the modified pixel
data stored in the frame buffer and enable the
corresponding pixels on the display at the color
specified by the modified pixel data to generate the
graphic image on the display;' '
" whereby only those graphic image pixel data which
N remain in the pixel buffer are combined with the frame
‘buffer pixel data using time consuming compositing
equations and the time consuming task of compositing of °
those graphic image pixels which are behind and occluded
by frame buffer pixels is avoided.

2. The apparatus for generating graphic images as
set forth in claim 1, wherein said first blending means
blends the graphic image pixel data and corresponding
frame buffer pixel data according to the following
- equations: T : -
£fb_mask=fb_mask.OR.new_mask
fb_rgb=fb_rgb+new_rgb
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corresponding frame buffer pixel data and the subpixel mask of the graphie
i mge pixel data is equal to zero, a first blending means for blending the
graphi c i mage pi xel data and the correspondi ng franme buffer pixel data, for
output to the frame buffer according to the foll ow ng equations;

f bmask=f b_mask. OR new_mask f.b_r gb=f br gbgpew rgb where fb_mask represents

t he subpi xel mask of the frame buffer pixel data, new mask represents t he,
subpi xel mask of the graphic image pixel data, [err] and new gb _
respect i velwhesmsr tbemaskhaepienents the subpixedf maskpiof|thet frame ¥£

gr aphi c 'Smw;ﬂf iﬂéiaaatare%%smtss; Fopitldntl) ORe gﬂxamdeBk

repr esent. ration; ILf the Ioglcal AND of the subpi xel mask

e
of the cor@&p nngP % 98 pixel (dataq, BT RNGcNEHcKID t he
graphi c i mgsspeceively a repriederntyUthet caksuxr ofsethed fivamuli buffeans for

bl endi ng the p e d rresponding fr buf fer
pi xel dataqit??eg aﬁﬁ? %%M%i@ P;g%% &%&vt o'ptﬁ%gF ?ﬁf é
equati ons: Qumminﬁerppepetupn[eHQd[EQR] vepresentsi s aa flogicah WORch
counts trmaékggg# gﬁ sub- c L MS *- 20 - pixels set in a
subpi xel ez value of the graphic image plxel data is
3. The apparatus.fa: generating graphic images as
set forth in claim 1, wherein said second blending means
blends the graphic image pixel data and corresponding
frame buffer pixel data according to the following
equations:
fb_mask=£fb_mask.OR.new_mask
fb_rgb=[ [cnt (fb_mask.AND. -new_mask) +1/2*
.cnt (fb_mask.AND.new_mask) ] /cnt (£b_mask) *fb_rgb)
;[[cnt(new'mask.AND-fh_mask)+1/2*
cnt(new_mask.AND.fb_mask)]/cnt(new_mask)*new_rgp]

where fb_mask represents the subpixel mask of the frame
buffer pixel data, new_mask represents the subpixel mask

of the graphic image pixel data fb_rgb and new_rgb
respectively represent. the color of the frame- buffer ;;
pixel data and graphic image pixel data, cnt is a
function which'connts the number of sub-pixels sét in a
subpixel mask and OR represents a logical OR operation.

4, The appatatus for generating gi:aphic images as

set forth in claim 1 wherein said pixel buffer is a FIFO

buffer. '

5. The apparatus for generating graphic images as
- set forth in claim 1 wherein said pixel buffer is located —

in a random access memory.



| ess .than the z value of the corresponding franme buffer

subpi xel mask of the graphic inmage pixel data occludes the subpixel nask of
the frame buffer pixel data, means for discarding the fr m

data and nmeans for outputting. the graphic image pixel ﬁ“‘“ﬁ‘m ||H“mﬁ“|
buffer; and if the sub pixel nmask of the g aphic |mage pi xel ¢ dat a™ s®not
occl uded by the sub pixel mask—ef the frame buffer pixel data, neans for .—
pushlw the frame buffer 'pixel data into a pixel buffer and neans for
outputting tfie graphha |W§ﬁ-ﬂ@l faut generating aa@amitbeﬁ.}nagﬂﬂ tﬁ'om val ue
of the graphyjgapiaee Bb?&btﬂat fokS Qi8pigy tHAN the

correspondi ng frarre buf l{%é‘}sfifgatﬁ%vlf t he ub |xe k of the frarre
‘buf fer pixel 98Y li&eoca%sg %sQeB °Fh€°§'P§ 9 Padraty

dat a, rreans bgr pdmar,duagd h@ nela dﬁrﬂ:rﬂl(brdcééiﬂng

sk of the BPen CEUNoBeRdEY Al ?‘%ﬁk&%ﬁ? FeRagEeacts, %3%. ?%XE'

pi xel data iand tmhml xdisbllaYer dewice,al |sadiphgraphige Jmage ddei
been conpar e??.k?lggtbgesﬁ?”ﬂhag dis?%‘if”éé@ie&' alcotdihg "EG"thkC'p f:?@ﬁ' ng

t he pi xel from}he e fer far input to the corrparlson
means wher ei # n&!#( ofrapec| bSfer, (2agh s Rigelocdakfd by
t Pet EUbPI xel cacg@bfiefi@&rf r@ﬂ,e s JUE3:l ctabrai?dgégpmbn flddm:iwbrvm ahe rr?s k
(0] e rane u er | X 0] QGC e o] 0
The Dol - bofigpray; Sevice, “she Solth RES IS Cpiken, il pl SibuieL,

pi xel data andskhewmictel identifidat &hecmntg ob COVPBQQEI ra@msatthﬁls
di Spl ay cont plkeTE2NSa £8P CEEErafnhbE ffdiitifying the depth of the
pixel, said apparatus further comprising:
input means connected to the CPU for receiving
data defining the graphic objeét ;

: translating means connected to the input means
for "translating the graphic object data to graphic image -
pixel data which defines the image of the graphic object;

retrieval means connected to the frame buffer for
retrieving the corresponding frame buffer pixel data
stored in the frame buffer, said corresponding frame
- buffer pixel data identifying a pixel located at the same
(%X, y) coordinate pixel locations as the graphic image
\_ pixel data to be rendered;
a pixel buffer;
comparison means comprising a first and second
input respectively connected to the translating means,
the pixel buffer and the retrieval means for receiving
graphic image pixel data and the correspondin§ frame
buffer pixel data, and a first and . second output
respectively connected to the frame buffer and the pixel
buffer, said comparison means comparing the z value of
the graphic image pixel data and the corresponding frame
buffer pixel  data-and the subpixel mask of the graphic
image pixel data and the subpixel mask of the
corresponding frame buffer pixel data, said comparison



Cx C L MS * - 21 - buffer and the graphi c—eitsplay—+to-—read the rmdified

pi xel data stored in the frame buffer and enable the correspondi ng
pi xel s on the display at the color specified by Iﬂﬂumgllmﬂﬁl"m data to
generate the graphic image on the display; wher aphi ¢ i mage
pi xel data which remain in the pixel hugbgeL are conti néd Wi t*h tthe frame
—buffer pixel data using time consumng econpositing equations and I_.he

time consum ng task of conpositing of those graphic inmage pixels which
behi nd and meahsdedmpyisinge buffer pixels is avoided. 7. An appar

for generating grapﬁfcm@eega&hamr £hG g &et inhge PiRahinata 3s
graphi cs display device, sai grap I CS |spI devi C conpr|5|n matrix -

of pixels, e¥nalato,Eheszc & of rﬁqraﬂeﬁﬂm nEEYRe b S}f
menory, a fpmlbaatar connected to the CPU and the di spl ay device,

sai d raphic inmage I n hg, di s Vi ce .ace to

t he pi gel IOda.ta sto?ég qﬁ" g%°?$§ yggpf e?é gﬁ M g‘at‘?fseg f g‘?"ﬁg an
(X, y, z) coordespondjingelframet bufifex tpisxel sqh‘h; @nd c‘éhetbnhpdb:eﬂ of the
i xel and n%#ﬂ t x§ gn cpxe agr oss
Itohe pi xel , amé pz coord?#% | deih é e&%%!gtiig %q? & QfSX% 6 %

appar at us fﬁi?ﬁ‘érbéeﬂﬂﬂ-i‘g mgansn§ GF e graphic, 1\‘999 Pélxe

{ﬁcel Vi ntg da&eadafua“nmetberﬁéapbhaiﬁaj Q&"amet wﬂéﬁ lﬁﬂx@?aaﬁtﬁﬂn&%&t ed to
e I npu

R P R T T F T Y ST
connect ed t equatibnsge buffer fo_r retri eV| ng the correspondl ng frane bufng
pi xel data £b_mask=fb_mask.OR.new_mask
fb rgb—fb rgb+new_ rgb
where fb_mask represents the subpixel mask of the frame
buffer pixel data, new_mask represents the subpixel mask
of the graphic image pixel data, fb_rgb and newvw_rgb
respectively represent the colour of the frame buffer
pixel data and graphic image pixel data, + represents an
addition operation and OR represents a logical OR
operation,
if the logical AND of the subpixel mask of the
corresponding frame buffer pixel data and the subpixel
mask of the graphic image pixel data is not egual to
zero, a second hlénding means for blending the graphic g
image pixel data and the corresponding frame buffer pixel
data for output to 'the frame buffer according to the
following equations~ :

fb_mask=fb _-mas'k .OR.nev_mask
fb_rgb=[[[{cnt(fb_mask.AND.-new_mask)+1l/2*cnt
(fb_mask.AND.new_mask) ] /ont (fb_mask) *£b_rgb]
L +
{[ent(new mask AND-fb_mask)+1/2% cnt (new mask.AND.
fb_mask) ]/ cnt (n&w_mask) *new_rgb] . .o

where cnt is a function which counts the number of sub-



stored in the frame buffer, said corresponding frame buffer pixel data
identifying a pixel located at the same (x, Y) coordi nate pi xel | ocations

as the graphic inmge pixel data to be rendered; . S
* . 22 - a pixel buffer; conparison nmeans conprising ml‘m'w“mmlg%!ltd
| nput respectively connect ed to the tra $§I ating neans,*tre pixel r- and
the retrieval nmeans for receiving graphft Tnage pi xel data and the

corragponding frame buffer pixel data, and a first and second

out put respefké¥s! ¥e€OoRfeat gﬁbngémemagﬁrre buf fer *and the pixel buffer,

sai d conparison nea mpar e_z val ue of ,the graphi plxel dat a
and the correspondi ﬂg gﬁ Uﬁ&‘@ﬂ&%? ﬁﬁ?ﬁﬂﬁﬁd”ﬁ‘% esﬁ%ﬁ?#{gagﬁa ASof the
graphi c i nepes®i thandaite wdvamesolnprthel coxyesgondimg cframe@obufferf r ane
buffer pix gia ?Egl d conparison means conprising; if the z value of the

graphic i p|x dta is equal to the z value of the corresponding frane
buf fer pixel data, Lf the |suppixel \Nmask eoficthehgraphimsimaget pdxel

correspondi araaewaa&eenal % gmg Aadk! Bf eﬁépffshennﬁkfei: Ph&eqr aphi c
i mage pixel data Is equal to zer first blendin rreans £ gatngthe
a for

gr aphi ¢ i neQAtR; x!\ead’@c Lok Jdigcardings fhey Frame o PRIERK é?”ﬁﬁ

out put to tilﬁdfﬁaaasbtfb&erouuwtmfn thd apaptici\Nnaye thixelbgdatal toask of
the corresp Eg frage ?uffer |er dat a- and t he subpi xel mask of the
graphic i na gpebRLTeE ), equal to zero, neans for pushing the
graphi c i mage pi xel iffathei sub pixel mask of the graphic image pixel

\ data is not occluded by the sub pixel mask of the frame
buffer pixel data, means for pushing the frame buffer
pixel data into a pixel buffer and means for outputting
the graphic image pixel data to the frame buffer;

if the z value of the graphic image pixel data is
‘greater than the 2z value of the corresponding frame
' buffer pixel data, ' ' ' S
' if the subpixel mask of the frame buffer pixel
"data occludes the subpixel mask of the graphic image
pixel data, means for discarding the graphic image pixel
data, and ' ' '
o if the subpixel mask of the frame buffer pixel

‘ ' data does not occlude the subpixel mask of the graphic

S image pixel data, means for pushing the graphic image.
pixel data into the pixel buffer; '

when all graphic image pixel data has been
compared to corresponding frame buffer pixel data, means
for reading the pixel buffer data from the pixel buffer
for input to the comparison means wherein if the subpixel
mask of pixel buffer data is not occluded by the subpixel
mask of the frame buffer pixel data, or if the subpixel
— - mask of the frame -buffer pixel data -is not occluded by
the sub pixel mask of the pixel buffer data, a third
blending means to blend the frame buffer pixel data and
the pixel buffer data according to compositing equations;
display control means connected to the frame




the pixel buffer; if the z value of the graphic +rage—pixet—data—+s | ess -

than the z value of the corresponding frane buffer ﬁi xel data, if the

subpi xel mask of the graphic pixel data occl udes "I Mlﬂ“ﬁwntuu of the
el data
[ S *

frame buffer pixel data, nmeans for discarding thelW
and neans for outputting the graphic i_n@qe_pi xel- data to the franme buffer,
and if the subpi xel mask of the graphic i mge pixel - 23 - - *..C
L M S * data is not occluded by the subpixel mask of -the frane buff'_ga&rjf
pi xel dat a, buffexr fand tlshigraphic fdizpl ayu ftice reaidx dhed aiciliifiied tPixel xel™
buffer and S f puttin e gl | Cqal > pi d t rame
buffer; if ﬁg:%z v%fﬁg&%f ? e g:r’g%hig{-?ﬂn%gebﬁg d‘a%g&i sgg?ebggerq?han t he

z val ue of Cerrespandingli reixelse onf f hep dispkaw, at tkbesulgslast mask
of the frangpudifiedi »g! @leéamdaq&ﬁ_uées%uaelsmgehoﬁag&nai-aéée tHephi ¢
| mage pi xel data,, neans for %’SC j%& t he graphic inmage” pixel data, and if
t he subpi xe@¥ Grimage qn, Fhe, g %ﬁl'x-el dat a-does not occlude the .
subpi xel mask of thalgnrgly EnlythoEe grapiic image Pivelp ddta which
graphic im el s daga i ' fer: Jahe phi.c i mage
pi xel dat ag%#%si)§' bjé’gnkgg n’B;a‘{".(r;‘eéc#] t%‘%%% eggéngw\ﬁ}%%‘reg%ﬁf gﬁ'%p imfamedat a,
neans for r&ufifier t pixekel dataf cusinga tive t conpumingoufdampdsitingut to
t he conpari ats WoRd Sthel € coHims 0] _p'@éﬁ? fs tais
not occl udec?(aigl t%g‘%sub{)i xgierrfggskﬁof t he .?Jagrre u f%f pI X Ic’gé'fe;:tlg,,b ?if t he
subpi xel thcyse graphic image pixels which are behind and occluded

by frame buffer pixels is avoided. \J

7. An apparatus for generating graphic images from
graphic objects for display on a graphics display device,
said graphics display device comprising a matrix of
pixels, said apparatus comprisihg a central processing
unit (CPU), memory, a frame buffer connected to the CPU
and the display device, said graphic image being
displayed on the display device according to the pixel
data stored in the frame buffer, each pixel data
comprising an (x, y, z) coordinate pixel location on the
display device, the color of the pixel and a subpixel
mask which identifies the extent of coverage across the
pixel, said z coordinate identifying the depth of the ..J
pixel, said apparatus further cdmpris_ing:

input means connected to the CPU for receiving
data defining the graphic object; '

translating means connected to the input means
for translating the graphic object data to graphic image
.pixel data which defines the iniag_e of the graphic object;

retrieval means connected to the frame buffer for
retrieving the corresponding frame buffer .pixel data
stored in the frame ‘buffer, said corresponding frame
buffer pixel data identifying a p-ixei located at the same
(%, y) coordinate pixel locations as the graphic image
pixel data to be rendered;



mask of the frame buffer pixel:data is not occluded by the subprxet—mask—of—
the pixel buffer data, a third bl endi ng neans to bl end th

pi xel data and the pixel buffer data; display control nean l!lliﬂ i“ﬁh i"l“l
the frame buffer and the graphic display to read the nodifi

stored in the frame buffer and enabl e theygoLresponding pixels on the

di splay at the €ol or speC|f|ed by—the nodified pixel data to generate the,

gr aphe€ i mage on the di@g vvhereby only those graphic imge pixel data
which remain in the- fpuffers conmbined with the frame buffer pixel

-data wusing tinme. C@Gﬁﬁ&ﬁﬂoncm t &Ofpe s Phd OdS ﬁﬂﬂsth%ﬂd NBe&8AAQUN NQ
task of corrp0f|t| ng of e qraphl C m@g& Q-, xeLls V\er ehi nd and

occl uded respectdvely) conpgc PeRBEe i s
avoi ded. 8. the pixedpuffers and g:uwrvétrweunphaansrrm pecedvihgrth

pi ol “dat ' ardk WMo e BEARE: ShEA, R Sl CanraolhBbA £FREE |\

fol | owi ng equmfbes: péxe} [ dath,whand f ia nma‘bepra;@ntsect_mdsubptpat mask
of the frame Mé@ft ata Ferr maktﬂapf ¥ S fﬁf%xﬁefﬁiﬁe of the

gr aphic |nage pI err] respectlve y represent e cal our
of the frame PREFRF, pBRA L aPRABS| m a2z ValiR cQ8nts a
addition opegwéi gPaphié i@Bge_r pame data and AKE aéorﬁPsﬁaﬁﬂihqo Erame

buffer pixel data and the subpixel mask of the graphic
\_{ image pixel data and the subpixel mask of the
corresponding frame buffer pixel data, said comparison
means comprising; _
if the z value of the graphic image pixel data is
equal to the z value of the corresponding frame buffer
pixel data,
"if the logical AND of the subpixel mask of—the
_corresponding frame buffer pixel data and the subpixel
mask of the graphic image pixel data is equal to zero, a
first blending means for blending the graphic image pixel
data and the corresponding frame buffer pixel data for
output to the frame buffer, and
if the logical AND of the subp:.xel ‘mask of the
N ' corresponding frame buffer pixel data and the subpixel
mask of the graphic image pixel data is not equal to
zero, means for pushing the graphic image pixel data into
the pixel buffer;
if the z value of the graphic image pixel data is
less than the z value of the corresponding frame buffer
pixel data,
if the subpixel mask of the graphic pixel data
occludes the subpixel mask of the frame buffer pixel
data, means for discarding the frame buffer pixel data
and means for outputting the graphic image pixel data to
the frame buffer, and
if the subpixel mask of the graphic image pixel



9. . The apparatus for generating graphic irrages as set forth in claim?7

wherein said pixel buffer is a FIFO buffer. The apparat us for
generating graphic imges as set forth in cl a| m 7 buf f er
is located in a random access menory. 11. In an iﬂ& ﬂm |
generating graphic images fromgraphigc ghjects for sgraphl cs

di splay device, said graphics display deV| ce conprising a nat ri x of pixels,
sai d apparatus conprising a central processing unit (CPU), nmenory, a fr%e
buf f er conrtatadiso noke ePcluded: by dilwpl sybpivelemask cbigrtahel €ramege ~

bei ng di sp'ﬁuff'efnﬁﬂ&ﬁ'aakay cieéaﬁse 3590 s§§ the %ed& bggakored in

the frame buffer, _€ach, pixel a;g rrgpl SI coordi nate pi xel

| ocati on orPi¥el data,jnte the pikelc SlfeSf a!‘ﬁemﬁﬂi‘él f&ﬁd"&%ﬁﬁﬁ%ﬁl mask
whi ch i dentthe egrlabniexlﬁageoioiﬁe\leaaﬁadeer e;a& tba%nﬁ bgfit&ﬁ* Con |

C L MS * pixe a z_coordi na entl e _de o] e,pi xe a
nmet hod for renderi ngj% #gﬁhchf" mﬁbFeﬁaPﬁé é@ﬁ Fo 9"%’ g
consuni ng hjeeattey octhant ithes iz wainm sefl, ﬂmpmna;pdrmhtqapfraine

provi ding &, i‘&f gg Eird ESCEI vi ng data defl ning the graphic object;
translatin egr I C o jeét data received to graphic i g%tplxel data
whi ch defi nes the i ﬁfﬁ &he ﬁﬂbpﬁiﬁﬁbhmslibj%ﬁtthﬂetﬁﬁm mguf fer c pixedpondi ng

frame bUffeda@axedeI\ﬁiéé Othe |dgubpixkdl aﬁ&sﬂUféffrth%a' &ﬂﬁ’.@sﬂﬂﬁ%
frame buffer el, data_identi | ocat ed at he sane (1
coor di nat e Bni_gﬁi g&t’l m";?s ‘{‘*e %r%&#)ﬁ‘if‘?%aﬂée pPXapPhig: image, P‘@H’der ed;
data, and. .
if the subpixel mask of the frame buffer pixel
data does not occlude the subpixel mask of the graphic
image. p'ixel data, means for pushing the graph:.c image
pixel data into the pixel buffer; o
when all graphic image pixel data has been
compared to corresponding frame buffer pixel data, means
for reading the pixel buffer data from the pixel buffer
for input to the comparison means wherein if the subpixel
mask of pixel buffer data is not occluded by the subpixel
mask of the frame buffer pixel data, or if the subpixel
mask of the frame buffer pixel data is not occluded by
the subpixel mask of the pixel buffer data, a third
blending means to blend the frame buffer pixel data and u
the pixel buffer data; | |
display control means . connected to the frame
buffer and the graphic display to read the modified pixel
data stored in the frame buffer  and enable the
‘corresponding pixels on "the display  at the color
specified by the modified pixel data to .generate the
graphic image on the. display ;

remain in the pixel buffer are combined wrth the frame
buffer pixel —data using time consuming compositing T
equations and the time consuming task of compositing of
those graphic image pixels which are behind and occluded



_conparing the z value of the graphic inmage pixel data and the correspondi ng
frame buffer pixel data and the subpixel mask of the graphic inage pixel
data and the subpi xel mask of the corresponding frame buffer pixel data,
conprising the steps of; if the z value of the graphic inmage pixel data is
equal to the z value of the corresponding.franme buffer pi ' |

| ogi cak AND of the subpi xel mask of the'c%?r'éspondi ng fraﬂﬂ“ﬂﬁ“ﬁ“lﬂlmaﬁ"l .
data gpd the subpi xel mask of the graphic image pixel datasis equal to =
zero, blendingy eeamédbagces pikelst 18! agdiaeat unction, the graphic inage
pi xel data corresponding frane buffer pixel data and outputting the data to
the frane buffer, and if the |ogical AND of the subpixel nmask of the
correspondi nggfrane bThécrapparatulnt fornderierating xgraphit dmades gasphi c

i mge pixe S'?%%‘n?arﬁ@t &ﬁg;ﬁ%hl? ngeg%?éﬁﬂ 'gala %ﬁ'ﬂﬂeﬁ&ip f\@&%@
gre

bl endi ng fun data a corres Ing franme
buf fer pixel btendandthe graphig tfmage: »ixel; rdata s dnduePErespPnding,

val ue of the gFaRQi CohfRrae Ppifeldaliatas accoérdihy tbé thdl following 26 -
| ess than the z vgiue of the corresponding frane buffer pixel data, if the
subpi xel masK®BFAER®NBE aphi ¢ i mage pi xel data occludes the subpixel mask of
the frame buffer pixefbdmask=£b| maskdORgnewhmaskrane buffer pixel data

gﬂgpﬁgtef)uﬁrysﬂgo? hfhgrgrgggﬁﬁﬁggaghé?&#aga to the frame buffer, and if the
where fb_mask represents the subpixel mask of the frame
buffer p-.jlxel data, new_mask represents the subpixel mask
of the graphic image pixel data, fb_rgb and new__rgb
respectively represerit the colour of the frame buffer
pixel data and graphic image pixel data, + represents a
addition operation and OR represents a logical OR
operation. ' |

\v

9.. ° The appératus for generating graphic ‘images as
set forth in claim 7 wherein said pixel buffer is a FIFO

10. The apparatus for generating graphic images as
set forth in claim 7 wherein said pixel buffer is located
i in a random access memory. ' -

11. In an apparatus for generating graphic images
from graphic objects for display on a graphics display
device, said graphics display device comprising a matrix
of ;;ixels, said apparatus comprising a central processing
unit (CPU), memory, a frame buffer connected to the CPU
and the display device, said graphic image being
_displayed on the display device according to the pixel
"data stored in the frame buffer, each pixel data
comprising an (%, y, 2z) coordinate pixelI location on the
display device, the color of the pixel and a subpixel
mask which identifies the extent of coverage across the



data is not occluded by the subpixel mask.of the frame buffer. pixel data
pushing the frame buffer pixel data into the pi er

the graphic imge pixel data to the -frane buffer; of the
graphic image pixel data is greater than the z val u I Hl HWndl ng
frame buffer pixel data, if the subpixebgmask of th xel

data, occludes the subpixel mask of the graphl C |nage pi xel data,
di scardi ng.the graphic image pixel data, and if the subpixel mask of t
frame buffepigelsl smid docsoondinmate ud.delnltéfytingl xehe ndepthf ofletgleaphl (e

| hi
oo bi xol PEEEY: B Hiedibd Kol A ﬁ?‘g@*ﬁ%ﬁ‘# Lipdes WERLRby QDN 0
or when t hengede| toufenploy ftbﬂme r—eaa ngheb}# nguioperakions r d@ t he -

pi xel buf f efni pAchisSedRaldonpriisdnef thle Btlepd ogata to the corresponding frame
‘buffer pixel data V\herel | f the isuap#)é nmask of pixel buffer data is not

occl uded by the subpFe¥i F€TEuf f er pixel data, of if the
subpi xel nmask of the-e‘aeﬁmirhua‘atra defdniteyt thes graphdeciobdedtyy t he

subpi xel mask of th a n CCfy hi

bl endi ng function the é Q%Pﬂégt giﬂ%g@ |xetfu ?#’81@ gt é{°d

readi ng thegmcednm@emmh g@ﬁ@euhliﬁ’ht ﬂefrimee tmfiamaqqdosnmat ng the
correspondi g¢a g,m_@ dbjeet; he di spl ay at the color speC| fied by the m)dl fi | ed
pi xel data o generat the ap C i nmage on

8 * - 27 - whereb§ o GRFEerPRNYLRey JLARE OUREER RAREL, i n
t he -pi xel baater sa:"o&ewrﬁn gl \mfdmet bafffexjesaid corresponding frame

buffer pixel data identifying a pixel located at the same
(x, y) coordinate pixel locations as the graphic image
pixel data to be rendered; :

comparing the z value of the graphic image pixel
~data and the corresponding frame buffer pixel data and
the subpixel mask of the graphic image pixel data and the
subpixel mask of the corresponding frame buffer pixel
data, compris:.ng the steps of;

if the z value of the graphic image pixel data is
equal to the z value of the corresponding frame buffer
pixel data

if the logical AND of the subpixel mask of the
corresponding frame buffer pixel data and the subpixel u
mask of the graphic image pixel data is equal to zero,
blending, according to a first blending function, the
graphic image pixel data corresponding frame buffer pixel
data and outputting the data to the frame buffer, and

if the logical AND of the subpixel mask of the
corresponding frame buffer pixel data and the subpixel
‘mask of the graphic image pixel data is not equal to
zero, blending, according to a second_blending function,
the graphic image pixel data and the corresponding frame
buffer pixél data and outputting the data to the frame
buffer; ‘

-/

if the z value of the graphic image pixel data is



buf fer pixel data using time consum ng-conpositing equations and the tine

consum ng task of conpositing of those graphic inmage pixels which are

behi nd and occluded by frame buffer pixels is avoided. 12

for generating graphic |rrages as set forth in claim 11, \Ml]l“l“l ﬂE“Immrwu“
bl endi ng function conprises: [err] [err] ere [err] representcs thet

subpi xel mask of the frame buffer pixel -&— new_nmask represents the
subpi xg! mask of the graphic inmage pixel data, [err] and new [err]
respectivel y lems celam the eoivaluerfof hther awrbspbadip'gx@rm cdbufifier

gr aphic irrag?igﬁéieldé?g + represents an addition operation and OR
represents ogi ca operat I on. The nethod for generating
graphi c i mges as setiff oth@ sHbPA¥ehH FPSW cthe sgrapbdeo image: pixel

function CO”Hdt%e%c&ﬁidés [tre ]sdlﬁti:[:lei sk [cef rdhe\ & find Wit rérLPPEREIL S

t he subpi xel sk of er represents_the
subpi xel +mas nt hed %? gn?rragb a“lfat g?ﬂ' aﬁ&xﬁsfwr é’% pdi vel y -
represent thoutputtitg t thef rgtmphijéf dmageccpisella dakh gitaphthei nﬁgﬂnel er

data, ant is ti whi ch counts the nunber of sub-pixels set in a
R o

if the subpixel mask of the graphic image pixel

data is not occluded by the subpixel mask of the frame

buffer pixel data, pushing the frame_ buffer pixel data

R ' into the pixel buffer and outputting the graphic image
pixel data to the frame buffer;

if the z value of the graphic image pixel data is

greater than the 2z value of the corresponding frame

buffer pixel data,

- if the subpixel mask of the frame buffer pixel
data, occludes the subpixel mask of the graphic image
pixel data, discarding the graphic image pixel data, and
_ if the subpixel mask of the frame buffer pixel
data does not occlude the subpixel mask of the graphic
image pixel data, pushing the graphic image pixel data;

when all graphic image pixel - data has been
_ compared to corresponding frame buffer pixel data or when
N\, the pixel buffer is full, reading the pixel buffer data
from the pixel buffer and comparing the pixel buffer data
to the corresponding frame buffer pixel data wherein if
the subpixel mask of pixel buffer data is not occluded by
the subpixel mask of the frame buffer pixel data, of if
the subpixel mask of the frame buffer pixel data is not
occluded by the subpixel mask of the pixel buffer data,
" blending according to a third blending function the frame
- buffer pixel data and pixel buffer data;

' reading the modified pixel data stored in the
frame buffer and enabling the corresponding pixels on the
display at the color specified by the modified pixel data

.to generate the graphic image on the display;



subpi xel mask and OR represents a | ogi cal OR opetrati-en—314- The net hod
for generating graphic’images as set forth-in claimlilli, V\/nerel n said pixel

buffer is a FIFO buffer. 15. The net hod for ?Emﬂ ' C |mages
as set forth in claim21l, wherein said pixel buf I "'l uﬂlmmm random
access nmenory. 16. I'n an appar at us {f)r generatl ng grap i ¢ irftages from
~graphi c objects for display on a graphl cs di splay device- said graphics—.

di spl ay device conprising a matrix of pixels, said apparatus conprising.g
central processing whetelyCRM1ly nﬁmq gm;ih:bareiﬂmgé gpixehndatadwhichhe CPU

d the d d t I
ggvi ceeace(?%hl@r?g '?%htch esaé(ﬂr&{ ZtBafgtegF%%% W‘?érane %ﬁf f*g{é ie@mﬂé;:oxgly
dat a corrpr buffexrn pj(xey dataoonging: c timee| goansuming orcenposi
device, thegRitdon ahe Rhécltiny consiBRing Itaankddﬂdah d&iﬁiﬂ esfthe

Geph of ¢ Do GraBhig: KbAdeoPRENSC hﬂgﬁg“"”%% %%ﬁf%e need

to enpl oy mmmmmblmm iwaavoided. i s m nim sed, conprising the
steps of: providing a pixel buffer; receiving data defining the graphic
object; translating the graphic Obj ect data received to graphic |mage pi xel
data whi ch 1@ef i nes Ehe nethedofarhgepenat inggraphiccimagesnps heet

correspondlmﬁ‘;{ ajRj @lﬁfﬁ{ P Xyhépéfn Skatad ﬂi&s&h%féﬁﬁafufﬁﬁétiéﬁ' d
correspondl rarre buffer pi xel data identifying a pi.xel Tocated at the

sane (X, ifeBi e pixel locations as the graphic inmage pixel data to
be rendered conpar£imomasie=£b\vmasic. OR. hée_waskhi c i mage pi xel \J

fb_rgh=fb_rgb+new;zfgb-

where fb_mask represents the subpixe_l mask of the frame
buffer pixel data, new_mask represents the subpixel ‘mask
of the graphic image pi:_;el data, fb_rgb and new__rgb
respectively represent th_e-' co_lbur of the frame buffer
pixel data and graphic image piXel data, + represents an
-addition operation and OR. represents a logical OR
operation.

13. The method for generating graphic images as set
forth in claim 11, .where-in said second blending function
comprises: _ .
£b_mask=fb_mask.OR.new_mask . "
~ £b_rgb=[ [cnt (fb_mask .AND. -new_mask) +1/2%
cnt (£b_mask.AND.new_mask) ) /cnt (£b_mask) *£b_rgb)
_ +
{{cnt(new mask.AND-fb_mask)+1/2%
cnt (new_mask.AND. £b_mask) ] fent (new_mask) *nev_rgb]

where fb_mask represents the subpixel mask of the frame
— buffer pixel data, new_mask represents the subpixel mask
of the graphic image pixel data fb_rgb and new__rgb
réspectively represent the color of the frame buffer
pixel data and graphic image pixel data, cnt is a
function which counts the number of sub-pixels set in a



- 29 - ' * C L M S * data and the corresponding frane
buffer pixel data and the subpixel mask of the graphic inage pi xel data and
t he subpi xel mask of the corresponding frame buffer pi |ng
the steps of; if the z value of the graphic pixel dat anmu? ‘BI!JLWH

val ue of the corresponding frame buffer pjxel data,:.

t he subpi xel mask of the correspondlng_Tr%ﬁe buf fer plxel data and the
subpixgl mask of the graphic image pixel data is not equal to zero,

bl endi ng acclipiké P Mask ' &hd bOR Pﬁeééﬂ&é'&“lo i'éaﬂfcﬁhb er&€96n pi xel
data corresponding frame buffer pixel data and outputting t e data to the
frame buffer, said first blending function conprising, [err] [err] where
fb_mask repreasents thﬁxeuhp'thea Bk généretingngraphier images ce cset

new_rmask repr, h pisxel

[err] and [er%s%éc%l\s/‘é ebresggﬁgkhe cc‘#ogﬁmf %ﬁggg}.ar% bu??ifopl xel
dat a- and gr apm&fenage plxel data and OR represents a | ogical OR operation
if the logical AND of the subpixel nmask of the corresponding frame buffer

pi xel data and the subpi xel nask of the gr i c i nmage data is equal
to zero, blemRng acchbhfi Agthed, g? %ggrﬁgﬁﬁgoﬁwsgr%ﬁ)hﬁ‘% i mge
pi xel data arfbrtle fAr cAnianding ﬁmmmuéaea pixell digfexndisulocatedg the

data to the f{éﬂg% &%Lpgécggg ﬁgﬁggg.blending equation conprising, [err]

[err] [err] +

\ 16. In an apparatus for generating graphic images
from graphic objects for display on a graphics display
device, said graphics display device comprising a matrix
of pixels, said apparatus comprising a central processing
unit (CPU), memory, a frame buffer connected to the CPU
and the display device, said graphic image being
displayed on the display device according to the pixel

- data stored in the frame buffer, each pixel data
comprising an (x, y, z) coordinate pixel location on the
display device, the color of the pixel and a subpixel
mask which identifies the extent of coverage across the
pixel, said z coordinate identifying the depth of the
pixel, a method for rendering graphic images whereby the

N\, need to employ time consuming blending operations is

' minimised, comprising the steps of:

préviding a pixel buffer;

receiving data defining the graphic object;

translating the graphic object data received to
graphic image pixel data which defines the image of the
graphic object; . -

retrieving the corresponding frame buffer pixel
data stored in the frame buffer, said corresponding frame
buffer pixel data identifying a pixel located at the same

"(x, y) coordinate pixel locations as the graphic image
pixel data to be rendered;

comparing the z value of the graphic image pixel



[err] cht (new_mask. AND. [err]) /cnt (new mask) *new, rm

a function which counts the nunber of sub- pixels set in mask
if the z value of the graphic inmage pixel data is less t ﬂ "f:f
the correspondi ng frame buffer pixel data, if the subpixet mas

graphi c i mage pi xel data occludes the_sybpi xel mask of the frane buf

pi xel data, discarding the frame buffer®pixel data and outputting the
graphic image pixel data to the frame buffer, and if the subpixel mask g

t he graphi oaatmganlm xehe dabnrespondiﬁgctfhrdﬁé Hutfer sphrelelaatas kard th

frame buff e but f er alnothe plxel
buf fer and out péﬁ?&é?h%ggg ?%ﬁ%#%&gﬁi a&f’f)eeifh‘ga# bHF?er

the z val usSWhpPixel glﬂkﬁﬁlﬁ cof r’rﬂ-‘é@ pmereanoadmggrm bhtlferhepixehl ue of
the correspadeh Ndedh Mfgﬁep&@% d@fa i f the subpixel mask of the
frame buffer pi er & occ e sub |er mask of the graphic inmage
pi xel data discardi ® % ‘é%ﬂ‘? igipixehdataie egwdl xel
mask of thetdrthe tzuffaalum of| ﬂﬁmMMdW' egambh ey éﬁixéI‘SK of

t he graphi cdéwge pi xel data, pushing the graphic inmage pixel data; when

all graphi ¢~ Tnhge pixel data has been conpared to correspondi ng frane
buffer pixel data orf wtbe tlegizale ANDIf 6€r the fsubpixehdmagkt b pthe!

daja to
hecor SR st RO o Sl REAALC 5
pi xel buffé?a%tg i thet a3 dimgge pixel data is not equal to
zero, blending accor_ding to a first blending function,
the graphic image pixel data corresponding frame buffer
pixel data and outputting the data to the frame buffer,
said first blending function comprising,
fb_mask=£ b_mask.OR.new_mask
£fb_rgb=fb_rgb+new_rgb. _
where fb_mask represents ‘the subpixel mask of the frame
buffer pixel daté_, new_mask represents the subpixel mask
of the graphic image pixel dé__ta, fb_xrgb and new__rgb
respectively represent the colour of the frame buffer
- pixel data and graphic image pixel data and OR represents
a logical OR operation, '
if the logical AND of the subpixel mask of the _
corresponding frame buffer pixel data and the subpixel \‘J
mask of the graphic image pixel data is equal to zero,
blending according to a second blending function the
graphic image pixel data and the corresponding frame
buffer pixel data and outputting the data to the frame
buffer; and second blending equation comprising,
fb_nia sk=fb_mask.OR.new_mask
fb_rgb=[{cnt (fb_mask.AND. -'new_mask) +1/2%
cnt (fb_mask.AND.new_mask) ] /cnt (£b_mask) *fb_xrgb]
o : +
[ [cnt (new mask.AND~-fb_mask)+1/2%
cnt (new_mask.AND.fb_mask) ] /cnt (nevw_mask) *new_rgb)

-

=



the subpi xel mask of .the frane buffer pixel data, or if‘rﬁe_subpt—xet—ﬁ&s-k -
of the frame buffer pixel data is not occluded, by the Eﬂm i, mask of the

pi xel buffer data, blending according to a thi rd bl endi n Lﬂ "EU",
frame buffer pixel data and the pixel buffer data; r eadi

pi xel data stored in the - 31 - frane buffer and- senabl i ng t he
correspondi ng pi xel s on the display at tR9 ¢alor specified by the nodified
pi xelxgata to generate the graphic image on the display; whereby only those
graphic i ”39?1;‘@1@ $s\8I FancRTen" WHldH Cchines - BHE' Hunbe FTPA@Bd W th
the frame bu er pI er data us| time consumng conpositing

equat i ons an®Pixeds jsat dm ﬁrﬁ ’ék‘!ﬁs ¥onposi ting of those graphic i mage

IOI xel s which ar ef behlﬂiaﬂf p&idliﬂ!?(bfﬂn:ﬁé Qjﬁﬁhﬁéeimﬁé(%ﬁ:éﬁ daeaded. 17.
n an appar agus Qr atin es rom hi c. obj ects or
G sl 2y on o 3pam, i 7, a0 f PR 5RrrhRRoaing Frane neter

—conprising apintedi ﬂaﬁa,pl er S, said apparatus corrprl sing a central

! -
B oot ey devico, | saltf "EHE “”3‘?%%13?‘%. i E’ﬁ o° faiyd Tl pat
devi ce accor @at@ WQW% )@3‘!3 k jof m ##%@“%ﬁﬁ#e? xeiach

SI xe: dgta Qaty, SIaﬂsaaréanth thla Cltﬁrditjd\atﬁuﬂféﬂ b@.ﬁ&ll Ofaﬁhtg&uti .

i splay devic or.0 xel,_and .a entifies
the extent of° %’&%’3’&9 alPEs 9% ¢ xdmage,; g 8‘ &ﬁ?ﬂati'é’ fit i FYPRG t he
dept h of thebhuffsr,, aam®t hod for rendering graph| c i nmages wher eby the need
Loyempioy Line consuniGehheRdbplx@R°halhebe ' endl Brdphid SRGY ' piady' e

steps of: providi ng i Xé
data 1is not occluded by the subpixel mask of the frame

buffer pixel data, pushing the frame buffer pixel data
into the pixel buffer and outputting the graphic image
pixel data to the frame buffer;
if the z value of the graphic image pixel data
is greater than the z value of the correspondxng frame
buffer pixel data, T :
“if the subpixel mask of the frame buffer pixel
data, occludes the subpixel mask of the graphic image
- pixe) data discarding the graphic image pixel data, and
if the subpixel mask of the frame buffer pixel
data does not occlude the subpixel mask of the graphic
N~ image pixel data, pushing the graphic :lmage- pixel data;

when all graphic image pixel data’ has been
compared to corresponding frame buffer pixel data or when
the pixel buffer is full, reading the pixel buffer data
from the pixel buffer and comparing the pixel buffer data
to the corresponding frame buffer pixel data wherein if
the subpixel mask of pixel buffer data is not occluded by
the subpixel mask of the frame buffer pixel data, or if
the subpixel mask of the frame buffer pixel data is not
occluded by the subpixel mask of the pixel. buffer data,
blending according to a third blending function the frame
buffer pixel data and the pixel buffer data;

reading the modified pixel data stored in the



recei ving_data defining the graphic object; translatl t he graphi c objec
data received to graphic inage pixel data mhl lg“u “ “ﬂ ge of the -
graphic object; retrieving the corresponding- date stored
in the frane buffer,-said corresponding frane buffer pixel data i denti fying
a pixel located at the same (X, VYy) coogglnate pi xel locations as the
graphic i mage-pixel data to be render e conparing the z value of the
graphi c i mage pi xel * C L M S * - 32 - data and the g

corr espondérgmé Neueter ana anaaliﬂet ahandoi-bespahamel p!ﬁé![soi)nt BRelr aphl c

pi el dat it | 9F EhE-EoLPE SpapTEied, py fng podiBied Blxel ARER: e
pi xel dat o sgenpmtteotheegraphiceimagehenctheedbspnlayg frame buffer pixel

data, if the |ogi cﬁla%o&‘%gl tiid égkgﬁﬁﬁiﬂggégﬁiggir 33&9”%& frame

buffer pixel data an g mage pi xel data is
not. equal xemaimoinphe npixed duffier: aregeopbineddatith nthet frapexel

buf fer, arnshffef hepliggicalaadD afsii Seiine xcbofBEking tbemf,ars&%aaandl ng
frame buffe el da and ‘th subgl xel - . mask of 't he 3%805&' nmage. p| xel
€

data is nRd ng,apd fhe; €4 neuBing,fask £5 ABInQ%f uncti on
t he graphlthda@agqrapneb daiagealpiﬁéle ofHicts peweli Bghinanandubkeludedel dat a

and out putl%&dg{émg Q&E?&Op&%ﬁri‘?a@%h%. if the z value of the graphic

i mage pixe

17. In an apparatus for. generating graphic images ),
from graphic objects for display on a graphics display
device, said graphics display device comprising a matrix
of pixels, said a_pparatus comprising a central processing
unit (CPU), memory, a frame buffer connected to the CPU
and the displaY' device, said graphic image being
displayed on the display device according to the pixel
data stored in- the frame buffer, each pixel_ ‘data
comprising an (x, Y: 2) coordinate pixel location on the
display device, the color of the pixel and a subpixel
mask which identifies the extent of coverage across the
pixel, said z coordinate identifying the depth of the
pixel, a method for rendering graphic images whereby the

need to employ time consuming blending operations is oo’

minimised, compriSing the steps of:
providing a pixel buffer;
receiving data defining the graphic object;
translating ‘the graphic object data received to
graphic image pixel data which defines the image of the
. graphic object;
retrieving the corresponding frame buffer pixel
. date stored in thejframe bdffer,.said corresponding frame
buffer pixel data”identifying a pixel located at the same
%, v coordinate pixel “locations as the graphic ‘image
pixel data to be rendered,
comparing the_z value of the graphic image pixel

-



1ess.than the z value of the correspondi 'ng frame buffer pixel data, if the

subpi xel mask of the graphic i mage pi xel data.occl t ' mask of
the frame buffer pixel data, discarding the franme ngmlm'lmmmgnml and
outputting the graphic inmage pixel data to the frame- bufter,mansg i% the
subpi xel mask of the graphic imge pixgl jdata is not occluded by the
subpi-xel mask of the franme buffer pxel 3at a, pushing the frame buffer

pi xefdata into the pixel buffer and outputting the graphic imge pixel
data to tﬂe datar and f the icotresponding: f¥anecbyffpri ixeljcdataciandata is
greater than e k[ e ' fnfaﬁ? €130

33 tﬁg s{mé%‘giL%shh%fC%he w?’?"t”ﬁé S piﬂ}g{élnggl? a’é? ntdj?% ane
buf fer pi xel subpixedccnagks ofhcthehHorarespending  frame, JPuEfery Pdxal o

data,. di scarghgpd tlagm?hqgh RO gteipsclofgat a, if the subpixel nmask of the
frame buffer pi xél data dogls@ not occlude the subpixel mask of the graphic

i mage pixel data, pushing the graphic i mage pi xel data, when all graphic
i mge pixel inmge pii@ the 2 vadueof dheyraphtic dmeges pindateds

buf fer pixel dat [ n th | xel _Quf, | i e Wi

buffer data Fmit ﬁ'e° \;,)\?ﬁgl %ﬁf&‘?gaﬁg fg&%rpaélgﬁ%g%%%n%@gl Q%ﬁi"? e‘rlmcfa@tﬂ ar to

the correspopdied daktes buffer pixel data wherein if the subpixel mask of

pi xel buffer data is jgot ﬂ&chpqggagyw SEPRhec!g &l haskl oemaeruif f er
mask o '

bcol uded by PRETERRANANTnERaBe HERSE PLBAL{ s 0d bRy SHPBIRH di ng
to\g third bk neef Wi i gPaphtc image pixel data is not equal to
zero, pushing the graphic image pixel data into the pixel
buffer, and
if the logical AND of the subpixel mask of the
corresponding frame buffer pixel data and the subpixel
mask of the graphic image pixel data is not equal to
zero, blending according to a second blending function
the graphic image pixel data and the corresponding frame
buffer pixel data and outputting the data to the frame
buffer; | . : '
if the z value of the graphic image pixel data is
less than the z value of the corresponding frame buffer
pixel data, : o :
1\ if the subpixel mask of the graphic image pixel
' ' data occludes the subpixel mask of the frame buffer pixel
data, discardings the frame buffer pixel data and
outputting the graphic image pixel data to the frame
buffer, and :

_ if the subpixel mask of the graphic image pixel
data is not occluded by the subpixel mask of the frame
buffer pixel data, pushing the frame buffer pixel data

~ into the pixel buffer and outputting the graphic image
pixel data to the frame buffer;

‘"~ if the z value of the graphic image pixel data
is greater than the z value of the corresponding frame
buffer pixel data,



frame buffer pixel data and the pi xel buffer dat a; readi.ng the. modi fi ed
pi xel data stored in the frame buffer and enabling the correspondi ng pixels

on the display at the color specified by the nodifie ' ' ;
generate the graphic image on the display; whereby o !ﬂm Js ﬂ!ﬁ i mage
pi xel data which remain in the pixel bu;;ei are conb c o ne

buffer— pixel data wusing time consumng conpositing equations and the -
time consumng task of conpositing of those graphic inmage pixels which gre
behi nd and occl udedify thearsubpixel pask| of stheofdese buffer pixel '

data, occludes the subpixel mask of the graphic image
pixel data, discarding the graphic image pixel data,

if the subpixel mask of the frame buffer pixel
data does not occlude the subp_ixel_magk of the graphic
image pixel data, pushing the graphic image pixel data,

vhen all graphic image pixel image pixel data has
been compared to corresponding frame buffer pixel data or
when the pixel buffer is full, reading the pixel buffer
data from the pixel buffer and comparing the pixel buffer
data to the corresponding frame buffer pixel data wherein
if the subpixel mask of pixel buffer data is not occluded
by the subpixel ‘mask of the frame buffer pixel data, or
if the subpixel mask of the fraine buffer pixel data is
not occluded by the subpixel mask of the pixel buffer
data, blending according to a third blending function the
frame buffer pixel data and the pixel buffer data; |

reading the modified pixel data stored in the
frame buffer and enabling the corresponding pixels on the
display at the color specified by the modified pixel data
to generate the graphic image on the display;

whereby only those graphic image pixél data which
remain in the pixel buffer are combined with the frame
buffer pixel data using time consuming compositing "
equations and the time consuming task of compositing of
those graphic image pixels which are behind and occluded
by frame buffer pixels is avoided. | '




