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i_nvention rel at eﬁ"ﬂ%h‘gﬁ di splay by el ectronic devices. Mre
partl cularly) th I'on" relates to notion conpensation of graphics that
are displayed by el ect®8% ¢ devi ces. BAGKGROUND OF THE TNVENTI ON Sever al
standards currently exist for communication of digital audio and/or video
data. For exanple, theiJtHOD ANOIAPRARMENS FOR @mr(d\iﬂﬁ@qg]as devel oped
several standards for use with audi o-video data (e.b 1, MPEG 2,

MPEG 4). In or ddﬂQ'BI@W@WBHSAH@MN’EEM@EMABPW(deEN@HﬂE st andar ds

of ten inst In particular, MPEG 2 provides use of a
notion v ital video conpression schene. In general,
MOti on Vect or STl @ vHsesh fetulLd hﬁéaeaw}l 1ol Rl v, [

comuni cate ful 1?61”5“ on vi deo t)gf)ﬁ)utl l g rcedtﬂrr?ﬂancg; CE%?\%@% ah?c m” lrhgtrnes.
The di f f eimesramnbetbwsen nbmwmemmmaben ©6 praphice dtaedre rdésphgtd b%a!acztchﬁc dcwccs.
consecutive fu | undant data. Typically) notion vectors
are det ermg@é&(){)@%ﬁ:fﬁﬁ &5 sets of data referred to as a

" macr obl ocl : séiaemn%@And%@@%&g»mwgommr% &Q,%H%@a@fj RS A viRar ch

w ndow or ot her reference that i's larger than a macr to generate a

not i on vedttar Faexamiphy thaMatioadrak @Ipemh@toulpe{MPH@)tmhé&cud}ed Gemek Nt

macr obl ock. The. search, wi ndow.i s pjcally larger_than the current
macr obl ock2ndprls TPRASA Vithgu By e cfi‘é’c ’Y’é ang@%}épw w MPEfath Besdsitni ng the

macr obl oc; C i o e
conmbi nati on " 5? (ﬁﬁiﬂ g%?gm}gﬁ bt ?%ﬁ? éﬁo 19 SE]%AMS 81fefér}l]sa L?)e?l&l P \é\%/g'om ally
decoded V\gchhmeiedhq:ahedanRﬁﬁemnqmmatsbaﬁa mdh@hllvtadftyr dshak Ppeiakesidon a
buffer of video data representing a nmacrobl ock. However, this schene

resul ts | §PTRIESSiBSCBAMEonpensation circuitry being idl e when a video frane
is processed t engine is
a6 whon ¢ he Hiegab b Eor R Dke SR8 R AR e Snd S bLYS HERY

ci rcui tr yconfihiisicse fuiémdtiah vizoddiwigizofg redudeondeicavdeasidebdranitsi Maé f i ci ent

use of decoding resourgr What is needed is an inproved notion
conpensat § HATeAECRRAMEEN SaREnEan be commynigategl [atheg g t tiggfufiHERMeVENTI ON

fr\a gglt di Heh ARBH AN Sath O y PRANL ot RAREAS AL Ofe i HARBPH 63 6Wid el (peTy fefXJrur e

data referred to as a “macroblock.”

Digital encoding using motion compensation uses a search window or other reference
that is larger than a macroblock to generate a motion vector pointing to a macroblock that
best matches the current macroblock. The search window is typically larger than the current
macroblock. The resulting motion vector is encoded with data describing the macroblock.

Decoding of video data is typically accomplished with a combination of hardware and
software. Motion compensation is typically decoded with dedicated motion compensation
circuitry that operates on a buffer of video data representing a macroblock. However, this
scheme results in the motion compensation circuitry being idle when a video frame is
processed by a texture mapping engine and the texture mapping engine is idle when the video
frame is processed by the motion compensation circuitry. This sequential decoding of video

data results in inefficient use of decoding resources. What is needed 1s an improved
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motion compensation decoding scheme.




engine is described. A conmand having notion conpensation data related to a
mact obl oc4~ i s recei ved. Decodi ng operations for the nmacrobl ock that# JUL 2003
benerate correction data are performed. The correction data is stored in a
“texture palette according to a first order that corresponds to an out put of
t he decodi ng operations. Frane predictipn operations are perforned in
response to the conmand. The correction data is read fromthe texture

pal ette @gwgl}ﬂgpﬁﬁ}zﬁqgg%]@&der The correction data is conbined with
results operations to generate an output video
frame. BRI EF RESGROETAONffatdsHEr ROAW MaSpehbidnmyrenidhddd with 4 lekust mafpethgby
way of exanple, and not by way of limtation in the figures of the

acconpanyigitg ididasdrivgd. Krropinatd Naylog rm%*roerceﬁmenmmdathselmﬂem atroucsobiddkais

el enent s .S a syste ui t abl the invention. Figure
> Lo a beekT Deroate el RPRET acolPy a sostls Sortechin BHRAH use wi th
the i nventiPmed FITARESrettiof dataliy Rbadlin b tdXBlrk PeQE 28doRiTRg BeA FiMEbYdcaRH, di spl ay
of MPEG-2 franes. Figure 4 illustrates three MPEG 2 franes. Figure 5

i |1 ust r ateessporaisnc epoupiut olepe éswdingtoponatiofis. Pirxek pdaintamsmptrabbes frer use with
t he invent re Gl a bl oc g}‘ ram.of co gtsfor@g rformng
ot on. CORBERELER PG 1 B aRa i ph g AELGR Rge (00 G198 WRtoH RSt t he
i nventi Ofkcofdi [ Ea secbhd HREF, atﬁcscoh@mda%ms@%sﬁﬁalm r@s:m@ Cgitd?ﬁ (i rmn@' xel by
16 pi xel macrobl ock. Figure 8 is a block diagram of a hardwar e-software

i nt erfacmccﬂxonompcronommematmmnutqbet:‘odhmgmaccor ding to one enbodi nent of
the invention, DETA , P et hod and apparatus for notion
conpensa B B A extHEe mapping engine is described. In the
fol l owi ng des £ o , AL i C
details are s‘g[éwgﬂor} |rs](?lg}s egcef%gq‘fs’?gsfg a{@trbﬁgrggh%wggreﬁlgﬁgﬁ%?w hEf t he

i nvent i ofigurdd ofaihklacdren g piag eind ) in froiweshech, llRfﬁCfEMCSk]IuhiCﬁﬂL ncferttdmeumn:tr that the

i nvention can be practiced w thout - 4J UL 2003 -3
elements.

Figure 1 is a system suitable for usc with the invention.

Figure 2 is a block diagram of an MPEG-2 decoding proccss suitable for use with the
invention.

Figure 3 is a typical timelinc of frame delivery and display of MPEG-2 frames,

Figuré 4 illustrates three MPEG-2 frames.

Figdre 5 illustrates a conceplual representation of pixel data suitable for use with the
invention.

Figure 6 is a block diagram of components for performing motion compensation and
texture mapping according to one embodiment of the invention.

Figure 7 illustrates luminance correction data for a 16 pixel by 16 pixel macroblock.

Figure 8 is a block diagram of a hardware-software interface for motion
compensation decoding according to one embodiment of the invention.

DETAILLED DESCRIPTION

A method and apparatus for motion compensation of graphics with a texture mapping
engine is described. In the following description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the invention. It

will be apparent, however, to one skilled in the art that the invention can be practiced without



t hese specific details. In other instances, structures and devices are
shown in block diagramformin order to avoid obscuring the inventi-of.jy. 2003
Ref erence in the specification to "one enbodi nent” or "an enbodi nent" neans
that a particular feature, structure or characteristic described in
connection with the enbodi ment is incl uﬁfd in at |east one enbodi nent of
the invention. The appearances of the phrase "in one enbodinment” in various
pl aces in the specification arc not necessarily all referring to the sane
enmbodi meHese specgeneatails) In pehar avsECE B AP oY shelslenises on scorpenyath dnghbn
reconstrgcti.ng picture. b cti nﬁmgi xel colors fromone or nore

ref er enc& Pl ‘&?J?%’s‘.‘) ¥R O&Féﬁ?@ﬁ%ﬁ"@ﬁ e forward, backward or

bi - di r ect i onalpefetbfcahGhd REIIEBoRSGhE BRGoDIRERY Br PIHRMUIREMERT n{eShS® a0
t exture mappi ng hardware conmponents to acconplish notion conpensation of

di gi tal ypirtieoladétasire Bouadiragrisbxesicasid ddygived gstamnentieon nodi the eshbsdiatent kat

conpl et e. macr gbl ocks are procgessed for. notion_conpensatiop. |n addition,

i X6l dal™ s 7t T eSS FRSY F BegarBlive LEcParHGet 8 hepist Brder
based onehBYEISS DInSERLEpERSI NaNeTERBF AN 4d RS hhcd 83 LS r@r&f#in‘g@@%eout
according to a second order optimzed for locality of referencé. A texture
pal ette semoeybpdimEgénent schene is provided to maintain current data and
avoi d overwiti ngn of val.id data er‘r‘zfrr% notion conpensation conmands are

pi pel i ned. fi gﬁﬁ cfal BedpEnLnh K Tt G1ONEORPEAIRT RN FESRISEUFISE LRIEIE PN t he
inventio t,e .0 : C k i Lce . for
Commnt o e e ey D oS o I Bt o Pe ot §ff e

pr ocessi heckiwifrdomat-dioectioByls tEm atO0tet wrd dvaeried bbntthesovid adfm Ace 68 x MRITOr Y
(RAM or other dynam c storage device 104 (referred to as main nmepory),
coupl ed 3PBUE NAAWATECOBPPRHHYS [orAcEPMAETITROUFOTRERYLien Poigitilyidse doiecut ed
by Pr 0CeE30hain0Boxdiy JEIRI A0hAIRRA EANAGHHAL. FALroBIRK 118 ShsteRRuary
vari abl es or other interffediate I nformation duri'ng execution of

i nst ruct fansotiyn gmopessiam. 1024di8pst Erel MG ialvsioen imod adesi re palditomcyrdingmor y
(ROM) and/or other static stg}rj_age devi] cerl OG cqupled to bus 101 for
storing &fuEigdsrireshen ISR hdsqHe GARE i ooy sudigang 02d aBht a st or age
device | [ I 0. f ' | t] i tions.
Dt o st orcgiTgEoY 858t i pobadulbr SLAIY BefelclB R Al Bk

COTr r esponthinBge rikerit ¥ehetwanis peo \d dttploanaihairsqusieetdalthd aByidtoesrvlitthgocelrvaill dmabe
coupled via bus 101 to display device 121 ) such as a cathode ray tube
(CRT) or MNeq e RrspEtRsnsayio8 SPEYNnEER)e PRt spl ayi ng - 4 J UL 2003 -4
i nformation tag;, r | i - & i i Qi .t al

i deo decodi ng GAg oPapEbmbSEimdts of P AP (AUPR LG hE M bl SHBeH

bel ow. Al pbarlinas ibes it @ puot ottdevieni@2atidnnkel ndfngoahphanung mifernaimidn abder

keys, is typically coupled to buys 101 for conmunicating_ information and
conmand gérrce&qrdﬂicw%ﬁ wﬂws@ﬂt@wpce&ﬁas Hﬁ?rwﬁ% ys1678 PO fufihgt inglidrte i s
cursor c : | 1) -0n I, j on keys
for Congﬁd%Q{[ ?érlfg%cﬁn ?@gﬁl @?@%gﬁgﬁgﬁ@ﬁ%;ﬁ%&g@%ﬁg ]gﬁ%%ﬁcggg dsf'g’tdilgr ocessor
102 and tmemaghtogblbd ngbweurlddior srorggrsridmanodrsipihayuclidds toNeteweduted It er f ace
130 provides an interface between system 1og)dand, a network (not shown in

Fi gure | PJOCCRior Utk Mat B maek 14385 53 Pa! s K IoFIpg (eahpanly & 2ratiehreVicde
access t zal t ) g || 1 (e | f 30
can be u?é%mb%ﬁ@ég@‘?&@atgﬁg@?g\:é e\)/(l"glélt(())ggt(gl'?1 glwdr?ltgﬁ% g)eﬁrghn%%eé}olsd&rs?ge@?'o@%gﬁ]%opl ay
by di spl éeletizgires di2d me@oey ERODYiameior oOEr St spregeaftlice N0 RbuEY 1oshusaDat ed
to the use of system |00 to perform notion conpensation in a graphics
texture RAPHOTHRE B METMAHED AT HY B EOTdesERORENT , DHBEioFEe dEKBRAYAL on i s
per f orme LR.Le . | 02 executing sequences of
i nstruct ?8‘%@@%&@% grllgrr’rél? ﬁﬂg@ﬁ@@%%ﬁgﬁﬁ@%uc“ ons are provided to

mai n menory 1(0Faif soraga dstioe a0 setdvis canag@etddisSonmybsitdie i skmegoneiag-deint y
menory ( integrated circuit (1C, CD-ROM DVD, via a renote connection

(e.qg., ovardbgcaetgbrodysteat (00, |Jysgm fialse be Aprpdisdrenbys | Haedbsglayedsvice
circuitr an be used i,n_pl ace ar in. .c i i 0 1 sof twar e
Ut uct 12 TR RRRBalheD RES T oPgi iR BRbL T Ab. P RliRhe

invention is not limted to any specific conbination of hardware circuitry
and software instructions



Figure 2 is a bl ock diagramof an MPEG 2 decodi ng process suitable for use
with the invention. Decoded video data 200 is obtained. Decoded vided ¢lata)
200 can conme fromeither a local (e.g., nenory, DVvD, CD-ROV) or a renpte
(e.g.) Web server, video conferencing system source. In one enbodi nent,
coded video data 200 is encoded using variable length codes. In such an
enbodi nent, an input bit streamis decoded and converted into a

t wo-di nensi onal array via variable | ength decoding 210. Variable I|ength
decodi ngifornmliopéd acempuler iggent Vel 13 sppeticgiconsitiyn Chfienl ivigaet desbdiegammdavi ng
vari abl e Iengt hs becaus%\ of.b Jorn exa?I e, ?flaryi ng anounts of data, varying
i nst r uct PE{ESIESY CURPGIS descy 0t iy Srenigygicias be W'oﬁ"ﬁfg‘dt“”B?“Q/HH’i“éB‘?Vécq Mgt h
decodi ng; : i ki i ; i i , i - ates a
R A S L R R e T et
array of ind@maioefahd comntasd kgdeqioos especkssvira (2nveroger DEE of LBGThpR4Ryicekich
generates a two- dljn;;ansi (%nal array of correction data values. The correction
data val 680 SRR AUE>hot g AVBRSEr 1PNV ica et s aadiEcliph K eyt Op RUBHIAEAL NS he
cor rect | gileMhantahbiash MChifembUBBANE £ BAASBE A8 MANGPC AR AL d 3ot On

vectors. Correction data values from %(C?:QI' are 1 nput to notidn
conpensatioyambhtackd &880y 128hi ch results in decoded gels. The decoded pels and
the correcti on data val ues arc used to access pixel value data stored in
menory 260. MRKBYSRIBETaEIPEPr i dnt eigriproxkat wearys e s K0eamder nsitwerkdnoFi gur e
315 atyplGah kiRl NReRlork SRNR.IbO LAY ¥ dnd [ 2hlife b MG 2 cbLanES.
Frames within a 91 ded stream can be décoded Th a differemt order than

di spl ay ycdesrea harwaeldiot icaihe Tmemes Nawotiein @ethed/ e30edinibs udcdlid feegienbisander
t han shown in Figure 3. Ordering of frame delivery can be chosen based on
several Vilepdprd Mepsn pseRpRiF FORRD{MA dishlay thy dispiay dgvised2fr anes are categori zed

as Intra- codegh flodnoBlifl 6f hy Bl tikchfidn isFerula" G Bl \R0Br LY BhGP £d 1 ve: coded

(6]
(B). Infra-co ranes are anes are not reconstriu Fom ot her

franes. hedeihentivotekapentsitonco mpedpids tareinsappRifedgine ated ofdh HIRY orehan
di fferences between previous and/or subsequent franes. Bi-directionally
predi ct i Y@bediasal. MAUPESORPENSIHOEISRSITated By weBotdl ia r¢sperediorrgostsEprd 02

subsequept, { (ATe. 33560 Pl RL ENERR.PRIARE IS, foames. B frames can al so

be predicte rward- or referenc anes. Predictive coded

frames are intwpekaised froodedid miinakidndrell o4 et fbebtidevictisaciphs |, P and B
frames is known in the art and not described in further detail except as it

per t ai nsMagneifediskapapad-@Hy MPMETSREAMD i ssated crryui@), E0-&QY, DYR.héa ar i gi nal
o et ek PR BRSSP0 R PSPl A el e v 1
t hree MPE@ird eanesSusclhepheconstin terhBidaiinch ik €oflvsar@ iR LHE@Hs! ¥ implement
the present invention. Thus, the present invention is not limited to any specific combination
of hardware circuitry and software instructions
Figure 2 is a block diagram of an MPEG-2 decoding process suitzcble for use with the
invention. Decoded video data 200 is obtained. Decoded video data 200 can come from
either a local (e.g., memory, DVD, CD-ROM) or a remote (e.g., Web server, video
conferencing system) source.
In one embodiment, coded video data 200 is encoded using variable length codes. In
such an embodiment, an input bit stream is decoded and converted into a two-dimensional
array via variable length decoding 210. Variable length decoding 210 operates to identify

instructions in the input stream having variable lengths because of, for cxample, varying

amounts of data, varying instruction sized, etc



di splayed B or P frame. The forward reference picture is a franme that is
backwards in time as conpared to the reconstructed picture. The backiatit2003
reference picture is a frane that is forward in tinme as conpared to the
reconstructed picture. 4 J UL 2003 -6 Franes arc either reconstructed
with either a "Frame Picture Structure"or a "Field Picture Structure.”" A
frame picture contains every scan line of the inage, while a field picture

contains only alternat scgp | i nes. The,;Top field" contains the even
nunber ed scan 1eREPUARLVERalC BRE Gr7adingl d© PEVHESS IABYGE N HeiisiseiRB R asiean

i nes. Fr i G t gl ' : 'S related to
ot on vearor ol P GaE TR AR EohEr oRofih (DETR ST HERS THRSST ot
the Top fdietski@ntatieoBuCT oneffitiehd iap@catar d iiveradOT YIDTT )0, Wihedhl eaved
manner. Alternatively) the Top and Bottomfields can be stored

i ndepende§btrptenp M HNESINBRL a4y QfABRAION daBtviabiss c Shpesrsetiondaordicst s of

reconstr qﬁélhc?c{]rlné[,lﬁi ﬁéc%r?fé?%i&roenqiuqtlh e ¢ b&ﬁ%r nlf {%E\é@rrrcgc’lio%%ﬁ%ﬁgqsgécé%%ce

bi -di recti ona e resulting pixel colors fromone or nore re

pi ct ur es.Jufir@uteard dhkdisbicat:RSvel R mefoaneaes. pi ctures and a

bi -directionally predicted reconstructed picture. In one enbodi nent, the
pi ctures arc diedeen fxe valees fErmdPOd\R4Darpinge torfae fasioniessatiepeackr250ot her
macr obl ock, .sii (.e. x8) . : l.ock i
Further _dryrESoHsifiseoos BERY ¥ BleRl plL i BE gl iorfo lF RIS 28K T8, 1 o
vectors Qitdgk ?ﬁ(fcevzﬂﬁc ddestoraen negidry 060. NEEmafy 26Ty pieditiar mIkkIoakd and
point to an offset |ocation where the nost closely matching reference

pi xel s arrefercpeapd!ls- Motion vectors can originate; fromother |ocations
within a nmacrobl oc nd. ¢ be ..U for Ll er [t f~ 8 -macr obl ock
The pi xel s atq$ g@h%@g?ﬂg%ﬂ“?ﬁ‘p§§ i %Qagﬁgyﬁ%{@gﬂgbggﬁ%gghaggnﬁéed to
predi ct tHemELERRS Ll idotthe inGabl b dedode OIen @ffBRAL BRIBE haRAGRIPIorEd:r. T t he
reconstructed picture is bilinearly filtered based on pixels in the

r ef er enceadgitiondragies yan tthéelfveredan adiéeastd order drentshewp &f Broarcd Prderinges) i s

i nt erpol at ed . forma new colar,. A conrection.termbased on the nC T

out put cjﬁa"beeéci'dﬁgcfaP %cfﬁorsf:ﬁg?scpé’ isﬁ‘gcr{lﬁg&%rrsg?:lfscvtvflglhnop 8 ’[nhlge PESUI ting

pi xel's. Fi gur eviged Irhiéd ratR8g@ize0nAs Btalabed @RIPeERARLI0ABd OF), Bi-¥akctdabRy
suitable for use with the invention. Each macrobl ock has 256 bytes of

| um nancer¢digtivatoded G3). tea-oBREdfiagegs gredfandsehardges b Irerskestratied ffbueotedir omance

(V) and red chromance (V). data for _the pixels the nmacrohl ock ar

Communt cdra st pRRLEgdy o Ed Agne Eaii Brtfy et iR R aEe B feregar o
for the qﬁ@ﬁgmggnm@r@mgc@khtaaheg is used to blend pixel colors. Oher pixel
encodi ng schenes can al so be used. Figure 6 is a bl ock diagram of

conponent s f orBipBreroenallgragittive soeshisEresaes B rapidict sorybeth egspicdipsadddr di ng
to one ergtaggel r&?nqtfra()fe t%a?c% dnna/i?fg;;chgﬁ'bc-lwc% ?Ppenfﬁ)émgsntl§ frgkcszgnugl&@ rcd'rc?cdcan be
used to pertormbo exture mappi ng and ot | OA conpensat | on. T Rre6ie

enmbodi merfrom M®iaaorRepeitd atfencdfremel. Ifgedistieaidded (Rthes BrelifRAVIREd frOman
particul ar conmand referred to herein as the GFXBLOCK comrand; however,

ot her corframid refpwaceaietuicorigte LdamndB Semesisdgewn iDte Fropiearotidsseribag in
GFXBLOCK ol [ [ ko detal ] it h. ke t.to

i gure 7. CCOTrabg SRl es Rt 8 FRhEert Tl kpREnRnikls SBRER G 1 om
an ext er nalgisQufdeing bofraRAIRt &ived Praaeessier. Ute &f hafaheB friaegrans st r eam
controll er 600 parses and decodes the comrands to perform appropriate
control finmentiopnsdeseriibedie seeaiprdeidil bele®i ved is not a GFXBLOCK conmand)

command stream.control | er 600 S, cont.r sighals and data to setup

engi ne 605. Cor%fﬁﬁ ch gltuﬁléaé?ﬁ @Efﬁﬁ?gﬁ@:zre%%‘ g:hgéc%gglﬁ% J;p'ﬁlé’rrt%Pf Cr%rﬁﬁg‘érrent ,
state vardghhRdTPHIYREREL The PRwEIdTRNRSNeOBLPPRIAfrkRe hat Blfackfids ROMGEEXBLOCK
commands. In ‘one enbodi nent, when conmand stream controller receives a

GFXBL OCK compueaidp teorccastrioed piatuge.i hef mchwmardeefetancang st oy etamn thae st ur e

pal ette GPO; Bomever, corre tign dat a can be stored in any nenory. Command
st ream coRfYYLIRHME@S CAPRBCE NS "E8RY M61CiPHIYF mat i on to write address
generator 640. The control information sent to wite address generator 640
i ncl udes bl ock pattern bits, prediction type (e.g., |, Bor P), etc. Wite
address generator 640 causes the correction data for pixels of a nmacrobl ock
to be witten into texture palette in an order as output by an )DCT
operation for the macrobl ock. In one enbodi nent the |IDCT operation is
perfornmed in software; however, a hardware inplenmentation can al so be used.
Figure 7 illustrates | um nance correction data for a 16 pixel by 16 pixe
macr obl ock. CGenerally, macrobl ock 700 includes four 8 pixel by 8 pixel

bl ocks | abel ed 710, 720, 730 and 740. Each bl ock includes four 4 pixel by 4
pi xel sub-bl ocks. For exanple, block 710 includes sub-blocks 712, 714, 716
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- 4J UL 2D03 - 4 JU 2003 -s block 710 (pixels 16-23). The remaini ng
rows of block 710 are witten to texture palette 6~0 in a simlar magngJ.200)
After the data fromblock 710 is witten to texture palette 650, data from
block 720 is witten to texture palette 650 in a simlar manner. Thus, the
first row of block 720 (pixels s15) are witten to texture palette 6S0

foll owed by the second row of bl ock 7206(pixels 24-31 ). The remaini ng rows
of block 720 are witten to texture palette 650 in a simlar manner. Bl ocks
730 and 740 aFramws btctedthet @comsttuated ol etheea 6E@mierPiaui Stndcare nanndiield

Referriqg back to Figure 6, command stream control |l er 600 also sends
control A& %ﬁf‘i“é{ﬁ t6‘fé%’f‘ﬁﬁ’cé‘ﬁﬁicﬂ'é““ﬁé)sveryﬁwé‘ﬁé‘céﬁ‘ﬂ)*ﬁdm?éﬁt‘y eoniehd stream

controll e 5 t h igin
R s e
For E‘Xammee,anﬁh% ‘Botehpdiieldt esntobs @Pd at@beredyihathes OFrabfeeidion stretttires and

macr obl ock of a frame, or the co-ordinates (0,16) are provided for the
second nd BHILGERITBEIUEERES FIBCH SVTGHOR Vet FaTe dCopmieddn Stoatsapslaibheiopt |Iér 600

al so pr O cdc%tf(o%?r&%mﬁ@@ﬁo%% ?Q‘Efna’\fhterhonglngfhél%ggdst%\x”gg nhch Rfmm%éérggrlg glt .ed to

the macrobl 0¢ he”i nformati on provi up engi‘ne Y er mi nes

a boundi mgnizex Allieaiatively cthaTaipriad Baittohi fields qinedetatdrindestntiérBrdleecti aththe
macrobl ock. In contrast, when texture mapping is being perforned) setup
engi ne 605 dei@eﬁffﬁéé“%‘%&?ﬁmcﬁﬁ“l?@)@oﬁ%‘\%% OEGH‘PWWSE,“Q%PIFW%%@PY@ iCtfhgis) when

ot i on CO”B?PorFta aoﬁ }\?vapc?bp?eg?{cugﬁ (he rp.\gxllm 23 c%?o(?{)?rg}a (4 oB?horé erat ed

r at her an on t he

defined Ryeréde piIDRE. Fg te ﬁﬂdlslr@weuvdi tc@d?éndéqﬁﬂefcs afd dbhelrMuﬁtdlmedl@oed The
upper left of the bounding box is the origin of the macrobl ock included in
t he GFXB@@D@[@@WMWCT%O%@@PO(PF\jm the rigiaies gfe ¢iidedsim 46 nlgeldwlé gixel

conputer ﬁ Ln%ogg%r %Pﬁl‘aﬂ%bg@k s&&d(cvm dltéqsté) :)Q:?n ‘9% ?&S&ed. ~0ne

enbodlnen€r° ox conpu LS Ur e addr 655 , Which is
det er m nﬂdcr@ﬁrb@li@dﬂﬂghérwnvnﬁtdlﬂo@mxgﬂm§ S'le‘b]c(CE.quatl on 1) attd Po~ =

OigirtyY + NV% (Equation 2) - 4 JUL 2003
one embodiment, motion vectors originate at 1 _hc upper left corner of a current
macroblock and point to an offset location where the most closely matching reference pixels
are located. Motion vectors can originate from other locations within a macroblock and can
be used for smaller portions of a macroblock. The pixels at the locations indicated by the
motion vectors are used to predict the reconstructed picture.

In one embodiment, each pixel in the reconstructed picture is bilinearly filtered based
on pixels in the reference picture(s). The filtered color from the reference picture(s) is
interpolated to form a new color. A correction term based on the IDCT output can be added
to further refine the prediction of the resulting pixels.

Figure 5 illustrates a conceptual representation of pixel data suitable for use with the
invention. Each macroblock has 256 bytes of luminance (Y) data for the 256 pixels of the
macroblock. The blue chromance (U) and red chromance (V) data for the pixels of the
macroblock are communicated at Y resolution, or 64 bytes of U data and 64 byes of V data
for the macroblock and filtering is used to blend pixel colors. Other pixel encoding schemes
can also be used.

Figure 6 is a block diagram of components for performing motion compensation and

texture mapping according to one embodiment of the invention. The components of Figure 6



where Po~, and Po" are offsets for v and rr co-ordinates, respectively.
Oigiu~ and Oi~irr~ are the x and y co-ordi nates of the boundi ng bgéJU 03
origin, respectively) and W and rl~lV~, are the x and y conponents of ter%
froti on vector, respectively. The Po termtranslates the texture addresses
in a linear fashion. In one enbodi nent Po~ and Po~ arc conputed vectorially
by summ ng the notion vectors with the region origin according to: Cs . x
+ CYX ~y + Cos u~x, y) _ + P~~ (Equagtion 3) C~w~ x + C~.,is- ' Co,w and
CT~x+C,.T" )" + Co7 v(x, y)= + Po~ (Equation 4) C~w' x + Cy~w"' Y't'
Cn~w where the varjiables in Equations 3 and 4 are as described. below. In
one. enBBLps LT 1S DR i BRI g T P G Be Sl ot COF TR oy

non- GRXRHERKoMPENTRINSdecb@nY &l JéErmiddain ¢&p6hHead 8 Pamirulaeidiin/liGtRRBeH@S5. By
usi ng the val ues bel ow, conplex texture nmappi ng equations can be sinplified

for us&eredrasiht CEXBESIIe perampnd hewk vl cbéreammant apmesand fpawitegnialie dwar e to

be use 0SEeS-~ } eDescr..pt,i onVal.ueCl sRaf.e. ge of S
w th r o5k Bk o R RN L DER bR b BB B B P S pect o
y0. OChiRaspect of Fighretge of T with respect to x0.0CosOffset to T ~0.ORate of

change of T with respect to y! .QORate of change of I11'J wth respect to
x0. 0Co, wor f Semmand sjream contspligré{i0ds sgupleddn gecee compenils fromaa suemak o yo. 0 -

4 J U Loz 3or exlafh iEhE’gfbcE’ss%xe&talUu?fcﬁwiﬁﬁﬁﬁsstﬂrﬁ chifdilet QoASkQE gide whi ch
fr i xel's

pi xel s are fetche m reference p . Mappi ng address generator 615
provi ddscadesithe adunmeedets pedfofne tppiroprraited codRo] fulitteons db thexdumesd repeived st ed by

[ d 615 i ded h it, 620 based
o xel  RSEGERBLAT bR, dhun RS wRER BB PP RASHA P JEMERE The” "

al | ows dptaxebaus &b 05NCHRMRNLY stranbentrod&B0alkb canttdlbmesoant franme by
rearrangi ng the addresses of the pixels fetched. |In one_enbodi nent, the

addr es SEOAGIHIE SV BRbledpasR ermenbd Ve simensinaLorsratigns; elés R he val ues

i st ed crhuneoekBhidagad 0 V(x, y) =y + P~ (Equation 5) and it(x, y) _
~~+ Po (Equation 6) Setup engine 605 provides the boundi ng box information
t o wi ndowcr Ii5ae enviyadiroenss wigsn@ommand seeam pentyollgereeei vistalFIXBhE@CKoundi ng box

0 eSS AAESE AT EALP B R B, o
V\Mﬂdomorrﬁ:iibn tdetapnn be stered e agninemeryr@omeotah o stkearaddnen] &6 ai;bcsmdis ng at a
tri anglcgntpo lilrrl}granrﬁ/tion to write address generator 640. The control information sent to write
address generator 640 includes block pattern bits, prediction type (e.g., I, B or P), etc. Write
address generator 640 causes the correction data for pixels of a macroblock to be written into
texture palette in an order as output by an IDCT operation for the macroblock. In one
embodiment the IDCT operation is performed in software; however, a hardware
implementation can also be used.
Figure 7 illustrates luminance correction data for a 16 pixel by 16 pixel macroblock.
Generally, macroblock 700 includes four 8 pixel by 8 pixel blocks labeled 710, 720, 730 and
740. Each block includes four 4 pixel by 4 pixel sub-blocks. For example, block 710
includes sub-blocks 712, 714, 716 and 718 and block 720 includes sub-blocks 722, 724, 726
and 728.
Write address generator 640 causes correction data for the pixels of a macroblock to
be written to texture palatte 650 block by block in row major order. In other words, the first

row of block 710 (pixels 0-7) is written to texture palette 650 followed by the second row of



W ndower 61 0 generates pixel wite addresses to wite data to a cache
menbry not shown in Figure 6. Wndower 610 al so provi des napping ad,dy’qmis 2001
generator 615 with the origin of the macrobl ock and notion vector
information is provided to mappi ng address generator 615. In one

enbodi ment) wi ndower 610 provides a stgering conmand and a pixel mask to
mappi ng address generator 615, which determ nes reference pixel |ocations
based t.he inf i OV i r,,610. and setup engi :
Feren et axptgiTabral, Ao e B a0 B R RSP S22
gener ati@gra Gadlat Magaehe addresses. The cache addresses generated by fetch
unit G20 are sent to cache 630. The pixel data stored at the cache address
is sent to biAfendardatd frebl@RS 10NMappiteytcadduesplgendlatsn (Ghtbloekd2o is

fractional - pi xel positionj dat g and cache addresses fqr neighborin

o el 5 BUh I P PrhEps e ThflafRinnie, Foir. Vechshrodet ek HiBvehert ¢ ha
i's | ess;Hhab waikHhd e lpalelié bEmRMLwWEY b;ﬁ{e,sézoﬁmfaoka&rb%ékhﬁzoqgmgs flag g
returned from cache 630 based on the fractional - 4 J UL 2003 position
dat a antih¢ reenaigingnbws bhigoph X&) me wBitlen netixtufré palend AP inecdimilqueanmare wel |

known ip the t not di scussed further herein. In one enbodi nent)
bi | i neaP!ocKs t72(5 a%ggg%érﬁé%fétc@é%%{‘ﬁcf’ F\h‘iag%o B BACKTRAPE i | tered pi xel

| nf or mat i on_Eatih 2 b&&1b H QDb il BIR colblifeeDh ALRLIAR AR, De sent to

blend unit 6 usinhg separate channel's as shown in Figure
i nf or mainferma @ (bectipreginubis. plhexnedmbudimeat, sbmghaadchrenmebntrBlerico@ar fil ter
625 sends pixel locatign_information {o read. address generator 660. The

pi xel | BOXtdes st ALBERALID N NLOMSLNEEDIAr e QD Pf Iedhacirplack RssesPONsiRE above.
Read adgr FSE5E @éﬁgﬁ? jxel o [ fromtexture
pal ett e%@g%l n anbggﬁgeornqg?’}oger o?ﬁgﬁ' V\}fro?%?%ﬂ&g'sﬂggéf? ngﬁ?[éﬁégo)) avrxf ite

addr essp@eideddbothe Gdp letRefaollbek oftafrémgor ehe £o-srdmdicaddll €)sise gayvidedtfor the60
causes pixel data to be read frr?gmtexture pal ette 6S0

sub- bl 0%€ORY MEGHRIPHN hentopIQY AR & ™M5r der. Thi's ordering optim zes

per f or mance CRENE L O e <R 4
therein. In gOWer \/vosruggA C’? ﬁgm?c?réts)t@%?o:%}%f&élﬁ%lgpgéklﬂgﬁgg)%vﬁ)ﬁﬂx% h§6’-§%§”cgﬁe
read foldferedionyelatee s @eondcroeciof Frombhdindednatiod prpiidad, setdpeddpe 60he

remai ni ng pi xel s of sub-block 712 are read in a simlar manner. After the
pi xel s 6¢leaphHen Berndpobey Bafissontpined Wik apredetemyngd wierel?imthgr ¢ read in a

simlar . i el : i xal - 1).: ar gy ead

foll omeagg&%? %" -SEQESMHJ s?évﬁcﬁ}%xi%rg%&%g@{?%ﬁcﬂ% é?ﬁ@hg%%-ugﬁ%?gl%héebsr emai ni ng
sub- bl og&srminedh bokndAdPbex7h6t @mnchinki8g trangler &ads,iwhea rsétidnl amprasmen.is The
sub-bl ocks of block 720 arc read in.a simlar manner followed by the

sub- bl oEXEE &L BBk U PORAR 'W%Cﬂ]et@aﬂlam%&k@cHfﬂ%ffock 740. The
pixel's read fi5gm & SKbMERNPMeQIchBinEB8x A ®rinBPBY (Heugpk R MBiIdw& 7k Bl end

unit 670 combines the pixél data frombilinear filter 625 wth correction
dat a fr oonmneesxdfunebpaldatg woxt Thgapperdtfieobthe batpling Poxislthd onigia ofidw vi deo
frame. Mappi ng, address. gen r. 6.5 provides fractional pixel positioning
1 or raf TGP odEbin PF L S LOSK RN oot Bl Comtnan die BRROE ot "
the pipghig LY & dfhgIh I ANRAKS his whith B the Wbl Correction data steans
t hr ough%%%%%&eplga%te 650. I%ead and wrvivte accesses to texture palette 650
are managed duehe tmabditteet, darfoadingdox damhauiet & anxsurdaddreds affser, Wi tvdichab i d
data stored in the texture palette 650. In one enbodinment, a FIIVO buffer
(not shdewrminefiagenrding)oi s provi ded hct ween mappi ng address generator 615

and bilinear filter 675. Because nenory accesses are slower than other
har dwar e oper&t FdAE}ratdébses to menory storing reference(%ﬂ‘%’é‘l‘@l an stall

and

R, = Origin + MV, (Equation 2)



- 4J U~ 2003 - 1~ pipelined operations. The FIFO buffer allows nenory

| at ency to be hidden, which allows the Pipeline to function w thout -wajyli2og
for reference pixels to be returned fromthe nenory, thereby inproving

pi peline performance. 1n order to concurrently hide nenory |atency and
store correction data i.n texture pal etgte 650 for subsequent G~BLOCh
commands) wite address generator 640 is prevented fromoverwiting valid
data in textL}Jre pal ette 6850. In one enbodi ment, read address generator 660
communi c4t%Es “eyHtth "o ek Sefsofo\r/vr"i”t“g 15 Q9PEY B AePat Bie Y6 46T s Th énd yYés¥poi nt s
correspond to addresses beyond which read access generator 660 will not
access. 38 Hiel anng)y ap-PrhnAesd! disboyaAEedos oraino reseeativel e ark 4/ GysrshMibi nts to
read address generator 660 to indicate valid data. rigure 8 is a bl ock

di agr amaef thg -handwacempaten el ehei metant wetorf srpegotdlpnThompenmsarirshitdgebodi ng
according to one enmbhodi nent of the invention. The bl ock diagram of Figure 8
cor r espofrdare Bdeessssip 2 ANCHAL™ he noti on conpensation circuitry is
renderinb a B frane,and a frape. is bheing displ d. Certain input and/or
out put 11 amed #08 CPPT DI hde o1 e eter it & Rt B vt sl

macr obl 1L SLSEOr L. 30. I n one enbodi ment, nenory 830 is

i ncl udegl%\‘kixﬁo?ﬁglr%hZhec%grlgﬁgg%n‘sj;g@@é Lg'r ot her el ectronic device. Conpressed
nmacr obl ock 8S0 can @xssqmvxobtmoped from sources such as, for exanple, a
CD- ROM DVD p*@y%%% tc—Hone—enblddi ment, conpressed nadEqidtmeld)880 is
stored in cache nenﬁfy'g 7s»vSt'omi ng conpressed macrobl ock 880 in cache
menory 810 gives processor 800 faster access to the data in conpressed

macr obl 38K 880. 1n alternative enbodi nents, conpressed macrobl ock 880 is
accessed by processop 8QQ 4n, ry 830. Processor 800 processes macrobl ock
data stored iqxgﬁphe_ﬁehng¥lsgigglg+p@rse and interpret nReRehlA
comands. | n one ‘enbdt ekl -prdaassor 800 al so executes a sequence of
instructions to performone or nore )DCT operations on rnacrobl ock data

st or ed iwhecadtee anebios in BLOtIoRroudssue 180G csbal edowhén omsamialimentt the TDCT

operations and conmand dajta.in ry buff 820. buffer S20 stages
data t o LS PEIRERTE HoS Py Bh6 IR HTP PG TS AOF T F L KB TS od 11
ot i on GQNREARAL. QM &PHRAS cbxufrifc_%'bﬁggg-usin@ (RO Gl 6ERR I TERR mp ) D k @
conpensati on command buffer 860 is a FIFO gueue that stores s 4J U~

2003 - IBapping eqvatompendaisinemliicdhonsd$or molidn esnpehsat GRXBIc@BK ot tireaskey pri or
to processin notion conpensation circuitry 840. Motion conpensation
JouAtk BliabRieus B DR

circuitrly BYRB¥Rsat i on” commands as descri bed above

wi th respeginiko] D Rioh- Value
C,s Rate of change of S with respect to x 1.0
Cops Offsetto S 0.0
Cs Rate of change of S with respect to y 0.0
C.r Rate of change of T with respect to x 0.0
Cos Offsetto T . 0.0
Cyr Rate of change of T with respect to y 1.0
C,w Rate of change of 1/W with respect to x 0.0
Cow Offset o 1/W 1.0
Cow Rate of change of 1/W with respect to y 0.0




1n the exanple of Figure 8, notion conpensation circuitry 840 reconstruc&i
B frame 858 from| frane 852 and P frame 854. In one enbodi ment, thet JUL 003
various frames arc stored in video nenory 850. Alternatively, the frames
‘can be stored in nmenory 830 or sone other nenory. If, for exanple, notion
conpensation circuitry 840 were renderi a Bframe a single frame woul d be
read from video nenory 850 for reconstructi on purposes. In the exanple of
Figure 8) four franes are stored in video nenory 850; however) any nunber
of frames can be stored in video nenory 850. The frane being displayed (I
frame 85 is read fromVvi . 850 by. overl a ircuitry 860. Overl ay
circuitri%%GG)%éﬁvgﬁgée @ﬁ%%ﬁ@ﬁE<¥gﬁ%gW%59pg&ﬁgﬁgﬁﬁ@gﬁJgr¥ §7°6ncoded
frames S’X%Eat the frames can be displayed by display device 870. Overlay
circuitrg 0 can convert the displayed frames to other formats if
necessary. | nMapginfzaddgos parespecs f5icatidanead hireReentieeh uhas2bedn: descri bed
with reference to specific. enbodinents thereof. It wll, however,

b
evi dent RHHESS\BARGTBIFE DYOEAMPITEACERS Bailian'eHAlged ruaridesbiofaiel uph &R et fghout
depart i NG, }ergmn%t)&apr(l%%%&n%HxHe'stus %@Qa\ﬁg@‘p@lhgtr%&g)g\ \Je@l\{)?.mfhgqlll%\-\lf_gﬁixcls

specification and draw ngs are, according regar de

i |1 ustragtored if aichedry td188 reasddefdrt tiisCisey@ens &BSE by rearrafgihglhd aP@es-othehat is
claimed is: 1. Acircuit for generating notion conpensated video, the
circuit Bigaprieehety: Inonesmbatiencst-rband e aSPE@ed ty mamipiaddress geeraer

conpensaggfug+dﬁg)gﬂkgﬂséd%6h%q“%ggﬁgg§ generator coupled to the conmand
streamcontrolter; a nenory coupl to the command stream controller and to

the wite addm@§$ggqnepgtor, the nenory to store pixel datggﬁﬁn@1§jrst
order determined by the wite address generator; processing circuitry
coupled g the wite address generator to receive control information and
data fromthe ¢o nd screamcontroller to generate a reconstructed vi deo
frame; and a wzagygddféss generator coupled to the processigpagenr€uitry and
to the nenory, the read address generator to cause the menory to out put

pi xel data i nSelup&nsiig 687 e idedtes kquadingdos erfrmatsndervisdnmritdes a
sub- bl ock;.by-sub-bl.pock | Ry rder.. 2. The circuit. o im 2,
wherein ?ﬂgg%V%gggégﬁgc%ﬁ?@ﬁ%%?gh@éﬁﬁi%%nggéPﬁénﬁfﬁkgﬁgﬁﬁ?%%%ﬁ%ghgﬁéyor to
recei ve 6ikf 6 tienGBXBRIGCK canthaddt B &benvidigs, chanmrange etifeediaGontaoilhvays t o

generate a reconstructed video franme conprises processing circuitry to
per f or m REEFG N eEnPEeaY ingAV iR I RsRrE S B ae*alerﬁtrm%omwpﬁaﬂﬁr BpesappipHat 2

utiIizingkﬁggqggng&§puitry.

Windower 610 generates pixel wrile addresses to write data to a cache memory not
shown in Figure 6. Windower 610 also provides mapping address generator 615 with the
origin of the macroblock and motion vector information is provided to mapping address
generator 615. In one embodiment, windower 610 provides a stecring command and a pixel
mask to mapping address generator 615, which determines reference pixel locations based on
the information provided by windower 610 and setup engine 605.

Fetch unit 620 converts the read addresses provided by mapping address generator
615 to cache addresses. The cache addresses generated by fetch unit 620 are sent to cache
630. The pixel data stored at the cache address is sent to bilinear filter 625. Mapping address
generator 615 sends fractional-pixel positioning data and cache addresses for neighboring
pixels to bilinear filter 615. 1f the motion vector defines a movement that is less than a full

pixel, bilincar filter 625 filters the pixel data returned from cache 630 based on the fractional



3. The circuit of claim2, wherein the first order corresponds to an out put
seglience of an inverse discrete cosine transformoperation. 4. The cikr 44l 303
of claim2, wherein the first order is block by block in row major order.

5. The circuit of claim 2, - 4JLL ?.003 -~s wherein a conmand stream
controller to mani pul ate noti on conpensated video data conprises a conmand
streamcontroller coupled to receive an'i'nstivction to mani pul ate notion
conpensat ed vi deo; and wherein the processing circuitry conprises a setup
engi ne t hatitidetdtavindake acipbhardigmgxdoxBfloeardilteeing tarhnigped B¢ ed!kypowhén the
instruction, wherein tﬁ?r? q%\tljvﬁdi ng box contains all edges of a macrobl ock.

b. The cidfcand"VYEISEPSFM WINHALERT n t he processing circuitry conprises a

wi ndower havin f : : [ I XElSealeR P [ it pi

Boundi ng box are o e e Sp e b R B e
boundi ng phed iafoempii@ctdssisdent 7o biEne uoit6Z0i ThofinfotraitionZan blhetreiimblehe usit r cui t
is pipelined. 8 An appar aHus %\%rrpr,i ?:ifg‘? a conmand stream controller to
mani pul at®d OrHSEoY PRBITFEARRAS e oradt Fiaf ad: o8 el Paioupinds e FHERGKfrand
stream cotf gl lnﬁfech@ﬁﬁclﬁ%ﬁﬁ%@‘ér FiRerSd28sEnddl pifd 16818n [n8bABdn L Oredy TR&EQP! OCk
ina first orée , the first order Is based on output :Gom an Inverse

Di scr et e geasiang 660aMat pixel (LB infperaddn orposaionagdnadide essagdneitaidabove.
coupled to the nmenory, the read address generator to cause the mam)rY to
output the pi xBadFaEEess aeneruer 9P QUiRAPMHHIYLTNAIRN &0 BREGAHO8t G&iure PHENY ead

addr ess %%@q}cl6!!?\%rr%ﬁtrg&fﬁ&%qhijrh@rim{é’onygi’lgd"%)gghtcpzid)é@ss ggnte?mbrné% Referri

sub- bl ock-bBy- sub- I'n row maj or or a procesSsing unit coupp%d to
the read adilfiasy, geneddeargeandtdré60 beuseopixaindhistorbeaead from texiure palette 650

sub-block-by-sub-block in row major order. This ordering optimizes performance of cache

630 due to locality of reference of pixels stored therein. In other words, the first row of sub-
block 712 (pixels 0-3) are rcad followed by the second row of sub-block 712 (pixels 16-19).
The remaining pixels of sub-block 712 are read in a similar manner.

After the pixels of sub-block 712 are read the pixels of sub-block 714 arc read in a
similar manner. The first row of sub-block 714 (pixels 4-7) are read followed by the second
row of sub-block 714 (pixels 20-23). The remaining sub-blocks of block 710 (716 and 718)
are read in a similar manner. The sub-blocks of block 720 are read in a similar manner
followed by the sub-blocks of block 730 and finally by the sub-blocks of block 740.

The pixels read from texture palette 650 are input to blend unit 670. Blend unit 670
combines the pixel data from bilinear filter 625 with correction data from texture palette to
generate an output pixel for a new video frame. Mapping address generator 615 provides
fractional pixel positioning information to bilinear filter 625.

Multiple GFXBLOCK commands can exist in the pipeline of Figure 6 simultaneously.
As a result correction data steams through texture palette 650. Read and write accesses to
texture palette 650 are managed such that the correction data steams do not overwrite valid
dz;la stored in the texture paletie 630.

In onc embodiment, a FIIFO buffer (not shown in Figuie 6) is provided between
mapping address generator 615 and bilinear filter 625, Because memory accesses are slower

than other hardware operations, accesses to memory storing reference pixels can stall



controller, the processing unit to performnotion conpensation operations
andt exture mappi ng operations utilizing comon circuitry. - 4 J viyrdos
-16 9. The apparatus of claim8, wherein the nenory to store pixel data
related to a macroblock in a first order conprises the nenory to store

pi xel data related to a macrobl ock blppk_by bl ock in row maj or order. 10.
The apparatus of claim8, wherein the processing u~ut further conprises: a

menory to store reference pixels; a mapping address generator to provide

read adamelREkoreslqnge ThefdieRulemlees demerpiatgngr s be hidder, whdirlhpi eavsttbe t he
menory, t j 14 f r,Lo,a feren ixels fromthe nmenory
and to f }pllgﬁ %ér){otﬂﬁggl?% vé‘rté%@ew%ﬁrﬁﬁg?e%%ﬁryaij‘%c?sr(gtb-%ir%‘-afrf%rd )s(f q'%h”@?—‘?%’@ﬁ) buf fer

coupl i nghetdrs impRRIiRgpipdresaf@anatat or to the bilinear filter, the buffer
to mai ntain sequence of the read addresses fromthe mappi ng address
gener at or t oln figepia gonerrrerty igg memery Iqtaecypp arcae eesrastion datarm 8xifrar t her

conprising t ead, addr tor couypled to.a wite address generator,
the wri P&g%gg%éoé_séké%glrj%%?F)?gﬂgggecro ”é““ggr%ﬂ‘: 6§‘ilrﬁ‘°tbsgcﬁﬁr&mcr%g t"“e%fag ess
gener at font Qver@FahY PalidIBais YNERUWPOPNEE 450, B &MeihbddiBeriendd adaegss gener at or
fromoverwi tlg&val id data in the nmenory. 12. The apparatus of claim8,

wher ei ngetesalap@Et earusunisagh pyich peoh!s 19 3vrilgadaetsy gdnaapb43i s sysclopding pi xel
data in a mam)ci

Gos i ne THEHEPH A 1RT* BpepSEMGn S ToReoPrg AT B er ey
reconst ¢ 8elirVdsqRAcalATRD caRthunRAMk Behch PEinRi s etadd@tifesOBtncliof & eIy in
a second order, erein the second order
indicate valid data.
Figure 8 is a block diagram of a hardware-software interface for motion
compensation decoding according to one embodiment of the invention. The block diagram of
Figure 8 corresponds to a time at which the motion compensation circuitry is rendering a B
frame and an I frame is being displayed. Certain input and/or output frames may differ as a
video stream 1s processed.
Compressed macroblock 880 is stored in memory 830. In one embodiment, memory
830 is included within a computer system, or other electronic device. Compressed
macroblock 880 can also be obtained from sources such as, for example, a CD-ROM, DVD
player, etc.
In one embodiment, compressed macroblock 880 is stored in cache memory 810.
Storing compressed macroblock 880 in cache memory 810 gives processor 800 faster access
to the data in compressed macroblock 880. In alternative embodiments, compressed
macroblock 880 is accessed by processor 800 in memory 830.
Processor 800 processes macroblock data stored in cache memory 8§10 to parse and
interpret macroblock commands. In one embodiment, processor 800 also executes a
sequence of instructions to perform one or more IDCT operations on macroblock data stored
in cache memory 810. Processor 800 stores the results of the IDCT operations and command
data in memory buffer 820. Memory buffer 820 stages data to be stored in memory 830.

Data from memory buffer 820 is stored in motion compensation command buffer 890.

In one embodiment, motion compensation command buffer 890 is a FIFO queue that stores



conprises reading the pixel data sub-bl ock-by-sub-block in row major order.
- 47JUL 2003 -17 14. The method of claim 13, wherein storing pixel détdLiZ0
a nmenory in a first order based on output froman Inverse D screte Cosine
TFransform (1DCT) operation conprises storing pixel data block by block in
row major order. 1 S. The net hod of (:_I1 im13, further conprising

determ ning a boundi ng box for pixels ni pul ated by the command, wherein

t he boundi ng box contains all edges of a nmacrobl ock. 16. The nethod of
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example of Figure 8, four frames are stored in video memory 850; however, any number of

frames can be stored in video memory 850.

The frame being displayed (I frame 852) is read from video memory 850 by overlay
circuitry 860. Overlay circuitry 860 converts YUV encoded frames to red-green-bluc (RGB)
encoded frames so that the frames can be displayed by display device 870. Overlay circuitry
860 can convert the displayed frames to other formats if necessary.

In the foregoing specification, the invention has been described with reference to
specific embodiments thereof. It will, however, be evident that various modifications and
changes can be made thercto without departing from the broader spirit and scope of the

invention. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.



generating a boundi ng box containing the macrobl ock; and - 4J U~ 2003
-~siterating the bounding box; fetching reference pixels; filtering & gl 200
ref erence pixels; averaging the filtered reference pixels, if necessary;
and adding correction data to the refgyence pixels. 19. The method of claim
18, further conprising performng texturing operations for the rnacrobl ock.
20. An article of manufacture conprising: an electronically accessible

medi um pr\Whitds elgimeddsr ucti ons that, when executed by one or nore

processors, cause the one or nore processors to receive a notion

conpensati on qomaRditHevienerafssReiiat eampriaertiie) tiainuit ebmprising o a
macr obl ock; storing the correction data in a nenory bl ock by block in row
maj or order; perfo frane edicti. i i .to the notion
conpensat i FhCESRH% @?chggglieﬁ 3 I@é@?@é@?’?‘ﬁ%&é}? {a}’?)? é%%aﬁ%gn%éﬁbry sub- bl ock
by sub-block in row major order; and conbine the correction data with
results fi DWhte addeesp penpratorQupled {v cBb‘@F’&P‘?ﬁWW“B@ﬁ@r ate an output video
frane. 21. The article of manufacture of claim 20, wherein the

el ect r oni cai mgmacyespidd te thremimmant stredne cordwiler irglde thenwmtewddiesns t hat, when
executed by one or nore processors, cause the one or nore processors to

generator, the memory to store pixel data in a first order determined by the wnte address

generator;

processing circuitry coupled to the write address generator to receive control
information and data from the command stream controller to generate a reconstructed
video frame; and

a read address generator coupled to the processing circuitry and to the memory, the
read address generator to cause the memory to output pixel data in a second order,
wherein the second order comprises a sub-block-by-sub-block in row major order.

2. The circuit of claim 2, wherein the processing circuitry coupled to the write
address generator to receive control information and data from the command stream
controller to generate a reconstructed video framp comprises processing circuitry to
perform motion compensation operations and texture mapping operations utilizing
cComImon circuitry.

3. The circuit of claim 2, wherein the first order corresponds to an output
sequence of an inverse discrete cosine transform operation.

4. The circuit of claim 2, wherein the first order is block by block in row major

order.

5. The circuit of claim 2,



generate a boundi ng box containing the macrobl oek; and 4 J UL 2003 - 19
iterate the boundi ng box; fetch reference pixels; filter the referenck jyL 2003
pi xel s; average the f ltered reference pixels, if necessary; and add
correction data to the reference pixeljg. 22. The article of manufacture of
claim 21, wherein the electronically accessible nmediumfurther conprises
instructions that, when executed by one or nore processors, cause the one

or nore praBesiod Soniaikdtfeanpohenientd maniprete atdtion sompensetad vidae €8l ock.
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10% & () - Y(d eed/h&dréssg&erdidde dip(ed-to the memory, the read address generator to cause

the memory to output the pixel data related to a macroblock in a second order, the read
address generator to cause the memory to output pixel data in sub-block-by-sub-block in
row major order; and

a processing unit coupled to the read address generator and to the command stream
controller, the processing unit to perform motion compensation operations and texture

mapping operations utilizing common circuitry.
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bilinear filter, the buffer to maintain sequence of the read addresses from the mapping
address generator to the bilinear filter,

11. The apparatus of claim 8, further comprising the read address generator
coupled to a write address generator, the write address generator to generate synch points
and the read address generator to receive the synch points to prevent the read address
generator from overwriting valid data in the memory.

12. The apparatus of claim 8, wherein the apparatus is pipelined.

13. A method comprising:

storing pixel data in a memory in a first order based on output from an Inverse
Discrete Cosine Transform (IDCT) operation;
receiving a command to generate a reconstructed video frame; and

reading the pixel data out of the memory in a second order, wherein the second order

comprises reading the pixel data sub-block-by-sub-block in row major order.
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triangular regions, wherein in a first mode pixels inside a triangle within a bounding box
are processed, and in a second mode all pixels within the bounding box are processed.
17. A method of motion compensation of digital video daia, the method
comprising:
receiving a motion compensation command having associated correction data related
to a macroblock;
storing the correction data in a memory block by block in row major order;
performing frame prediction operations in response to the motion compensation
command,
reading the correction data from the memory sub-block by sub-block in row major
order; and
combining the correction data with results from the frame prediction operations to
generate an output video frame.

18. The method of claim 17, wherein performing frame prediction operations

further comprises:

generating a bounding box containing the macroblock; and
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storing the correction data in a memory block by block in row major order;

perform frame prediction operations in response to the motion compensation
command,

read the correction data from the memory sub-block by sub-block in row major order;
and

combine the correction data with results from the frame prediction operations to
generate an output video frame.

21. The article of manufacture of claim 20, wherein the electronically accessible

medium further comprises instructions that, when executed by one or more processors,
cause the one or more processors to

generate a bounding box containing the macroblock; and
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