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This application is a continuation-in-part of

wa@oeoopamdiceng U. S. Patent Application serial no.PCT/US2007/004638
11/ 276,336 filed on February 24, 2006, titled
"Accel erated Vi deo Encodi ng", and hereby incorporated
by reference. BACKGROUND [ 0002] Multinedia content
production and distribution operations typically
i ncl ude video encodi ng. Video encodi ng processes are
typically very datACOELERATEBVIDEO BNCOISHSGVE. As
a result, video encodi ng processes can be very tine
consunmi ng. For exanple,'it nmay take several tens-of
hours for a software ®REDAGED &PRRIGCTEONSOh- qual ity
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can be encoded woul d be usBAMITKGROWARY [ 0003] This

concept s AP MR d R oplsit predholP i Hiiribution  operations
desctyipiediytiatiode ividédenddding. | viliedaseblipkiRBeestBd gre typically very
Su ry i 3 not intended to identify key features or

_esrsrgﬁ?%élln fORANROGIY REDEIVE] mete Semiedtdopeancedingripoesses can
soope o o B e i g A P i Tfburs for a
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encodthpEaaR idt Sxludd BrEBERE B0 5ighReanyaBlort 6P Successhu
i nt emuifiinediy lbettsaenpaniuation t nad y disiritesioangsigélines, systems and

conput er. program appl Lcati o nd . iLtrary .video
acce e@ﬁ%‘ﬁﬁ?ﬁn i) et.L.heTsr?é’eg ea? \Wdl?,‘gﬁ B@%‘biq\%]étyoﬁ’éie@rcontem can be

nor eefpoded @soulld Beukdéral vi deo encoder to identify

i mpl ement ati on specifics of the video accel eration

hardware. The service inter fSMMAMRY t he video

accel erat m@&]hﬂ{ig\%&rﬁn&g’ 2 atifed Bid h@gﬁ%?etc'u?ﬂ of concepts in
specifics. The service ¢o nicates the 1nplementation

spec# Sinplifiesd fdrm thiad ewe dmtloatedesciibel belpheiretieadétailed description.

ot V| to: det er i
ohor Dhis SRR & Aipld-0ed (SGHEL 1ed bR GE A features of

encothendpiopdsabjeonmates aor & @ thtanddd toltR used @O afRE@HEdetermining
can tg\% |ncre§\t§ed with ipplenentation of a pipeline of
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Figure in vt‘f:}i cf? t he c'onponer?fli#fré‘lftwgg%e%{r]za.r& G‘Fd% encoder
Fi g. computeyprogzare sapphcatanphd pibigypyt died eccadartbamatddare. The
vi deg,_encodi ording to one enbodinent,, [0007 . .
Fi g.S%E‘% g%ol%g&gﬁs %%%nﬁ?a?yree%%ré?sn%r?{" gtkl “a” Fﬂe%nCOdLr to identify
encaoidipigmentation specifics of the video acceleration hardware. The service

interfaces with the video acceleration hardware to obtain the implementation
specifics. The service communicates the implementation specifics to the video

encoder. The implementation specifics enable the video encoder to: (a)



pi peline configuration, wherein sonme of the encoding
processes are accelerated in hardware. [0008] Fig. 3

W@ b@avgommne exenpl ary procedure for accel erat ed RCTIES2007/004638
encodi ng, according to one enbodi ment. [0009] Fig. 4
in the Appendi x shows an exenpl ary vi deo encoder
application to illustrate the manner in which video
encodi ng accel eration applicati.on-progranmm ng

eronsare FheEy 8pb b7 Bites Wit Beih M Ml pfsafiware encoding
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paraneters,, acgcording to,o enmbodi nent. [0013] Fi g. 8
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according to one, enbodi nent.[0014] Fig-"in the
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wi dt h of i oS t ;@ﬁg el Y : .

I mage, acg’g?‘gin%gg ' ?[)E}Eﬁgs e%%bgdi 1%{& %[%b%lfg?é%i g?g‘rlﬁ‘d.eﬁ encoding
t he Pipslinelcaniigiaakon whsreinpiomsy ofitbggnaoding gireeesserpare accelerated
thath%ﬂﬁd&@ﬂper of residue value per line of video is

Vz wdth of the original video i mage, according to one

enbodi menl0008]ORIE6} $hoayvs kb ieremprpppededuce S frwWacedlerated video
exeng%g%ﬁggiggrgn1indicatin .that the width of the

r esi W@ YSE AECRINE 19 ROEKIRAYINENDf t he ori gi nal

progressi (0809 rlﬁ:%?A ak COkdiARgehdix O e veTRAd bﬂ@rﬁ%l video encoder
DETAI LED DESCRI PTI ON Overview [ 0017] Systens ﬁ%y

net hdaRicpEPD gec Blustratce the irganner rﬂ@om]lwgm pidsgi gacedipg dengeleration
eNCOR a6 S pRIRhRIINE CiitbGhcos o BE" VifiBed! | U6l to one
arbitrary video "encodef application to interface, in _
devi eabpdigséndent manner, with arbitrary video

accel erat} rdware 1o defi and i nmpl enent | a . .
subst ant i llgﬁwqiiﬁt }gamlalf tb? dg%p %nn%g%cﬁﬂﬁ‘é'sp & FpRlary video encoding
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accel eration (VA application programinterfaces

(Pt & moaeBs s Lol Baticih ey W GBlersroror @ p geiuce encoded
eNC Oithd}ds PARERESRg tol ndlehbb@nhtencodi ng pi peline, the

vi deo encoder application uses the VA APIs to query _

i npl ement @P1HFgpéein ithe progpdix chpybi a1 roxemplasy cyidenf encoding
avai hi3blife ¥bAGOEEERRN visidn AGRR) &L AcbARrhaY Qélﬂg\r,vn%gplﬂ @stimation,

vi deo” encoder ‘eval uates these specifics In v
according to one embodiment.

[0012] Fig. 7 in the Appendix shows several exemplary motion
estimation parameters, according to one embodiment.

[0013] Fig. 8 in the Appendix shows exemplary motion vector data
stored in a Display 3-Dimensional (D3D) surface, according to one

embodiment.



the application's particular video encodi ng

architecture (softwarei npl enented) to identify any
wer@edowys oper ations that could benefit (e.g.,PEPEsIOT7/004638

and/or quality benefits) from being accelerated in

har dware. Such operations include, for exanple, notion

estimation, transform and quantization operations and

i nver se operations such as Mt r8n conpensati on,

i nverse t f . [ t ] j TR

al so all é*\%‘zﬂ? I:?gé'\r/giS 32 gﬁe e nAg, ﬁfé?ﬁt sgl%gd;ss% %&%\Iﬁgleaﬁ%-% Qg’l” indicating

pi pehanwidthatf = libst antfacd inptahien iani aréginalaY &bldpvimage, according to

transi tiagns,.acrpss buses and processors associ at ed

wi t PR 6§Vm8€nputing devi ce and the accel eration

har dwar e joeusdl Fiferehy thef Appdidix sheweas &xe i Pagram indicating

speeds. . The API q&so,alloms t he accel erati on hardwar e

to ithet BeruEmbeeo] fssidue ool PEEng &F 3deq HproWadth sédhe original
cachjifih {rfagd, ab&E diHed8 nB ehftloimtAon har dware may

functional nore efficiently on nenory |local to the
vi deo harl@®kal dlig. 110018l Bpisadinshewese cavaiplayidimgamhindicating
Vi d%ﬁatetﬂgs’gﬁi?h g? ?!#eq{glcﬁecsﬂisftagmrﬁé 4%¥ Ivgi%ﬁa &f ﬁ')%dérri]gC*nal progressive

pi pel'l ne at’ perforns sone nuiber of encodi ng

dware (i.e., at
et F AL AR JE;;, benefi t
fr ompbgviGy har dware accel erated). The encoder
applTcatron then uses the APl to create the pipeline )
and encod@017l fystesenaeth methodssor pscelsrated) vislagepngeding provide a .
SUbS}ia) ftbodingRlcb AR in R BBPAIR] debyiBe GABRICAFP bibitrary video
sof t war e-1 npl effent ed pi pel | ne because certain encodi ng
opereacodersapplieataet bl mtafed, mddedataindepersient ormaner, with arbitrary

bet ween the.,host and,the ac eratjon hardware .are.. .

i i G aElgtaTeR RSy B et MR 2 flfpny optima
accealigéatdnogdidgr pipelindspaot sccmplind €IS 0thdGePQE @%Poses video
and nininizin% data transitions allow the host

pr o6seeratiop (¥ /peraPpHAIHN HREPETHTAI INfSriasse olidRly).  These APIs
operbhoitardid thddef 8-tHP VIMBCERINE pifcessS - THEefMd ah ncoding
al so designed to all ow conponents to operate in

par @ipelines o thehavidee mpugasier openlicetispumses ubagd/samiie to query
maxi. : n . . . .
cysulistEenaH et BES Fo 07 Safiified WPRLE oMU video (graphics)
now ageslerativachardwgree alTlke vidled @inkoddkreviakengs these $esifes in view of

[ 00 Al t hough not requjred,..the systens and. hods

| or Bt ccnmadin 3 BBt Hgtar SHRLEE L, ShiHEle  Ssotware-
s(}enﬁfn’;ilerﬁ&ﬁ’tb&)l( tto ofdgﬁ@tryp e rened@iﬁg:) Sfurations tiay C&dugﬂ] Senefit (e.g.,
program nmodul es)  bej ng executed by a c utj ng .devi ce

suctPsed A6 gR Ptyc{a?&f&t%r %aﬁadbgr%ﬁp ergifdy gpyhardware.  Such

encQiieRdiche G188 81 foP Bxd1apId\RbBon BSHAARAGA, TRAMFRS, and quantization
general |y include routines, prograirs, objects,

conppgeations ded ainyeysgceparationsesech ashdotiyy fegmpensation, inverse

par t, t . [ oy r - Jat
Pypetfitf ity ittt biss (TRAGRRGL. A APLARD AABRKIA] iR hooder to
acc aelesipat @d euccliiog gripditientat adstandially mmionimes dataflow transitions
enbodi nent. System 100 incl udes hgst, ¢ uting. devjce

102 HE PUseh B PHS<RS BeoToe HhLERY SHRP Y Eciegoe and the
CONRi¢télBEtIIAYVhA&TwaE hariS thardhS! ToAREr fREGUE ncoding speeds.  The
IaptoE; a server, handhel d or nobile conputing, devic

A e,
et c. APhalso alepisttha geerleratian hamiwase to dfdueyse the location of the data

nmor eprocessi hg units 104 coupl ed across a bus 103 to
system nenory 106. System




menory 106 incl udes conputer-program nodul es (" program
nodul es") 108 and program data 110. A processor 104
wo edochew1@nd execut es conput er program i nst r uct PONESINNDM4638

respecti ve ones of the program nodul es 108. Program

nodul es 108 i nclude vi deo processing nodules 112 for

processi ng video content, and ot her program nodul es

114 such as an operating systenr¢¥-device drivers (e.qg.,

for n C

&% {rlg{cf\get fg@gl La%h\g}%fé)% gtﬂg S{%%g ﬁg&g%tgi:@é%?%’gare may functional

rm d uhae effidientiy Ioudacmbr;r loealawphe; videp dweodwamh)d er 116,

vi deo encodi accel er at tion s rvi.ce 8, ot he .
processui ]#E%Lﬂsgi 920, qSSre 3%?‘6 ]té 8 FUEGRy, designs a
Vi de@sfoidit&@l ¢ideo endddleo pipRiife ltmt,pdi‘fcﬁ'ms[ 82 huhibet hulfScncodmg
i npl enent ation, video encoder 116 is an arbitrary

vi deapesationacin, saffarenangh Somearumper B anceding: operations using the
arc fofi n, a §URRLS theSferations that could benefit
ol Brae s e SRt s S OB P S s iopp g could benel
ar bi ﬁmmr@emg:hardwmcqabeqlemtﬂdléo Thecudederldamplivatiomshen uses the API
dlstrlbute b a,third art OENL

Addi i BRAEF THe éﬁ)eilwouarhd dX v1§ ) Gomtes tgeghlesn%% aomlzed pipeline is
aCCGdu‘bEt@hhﬂmy &@‘tiﬁh@ed Jaih&drﬁpk&a@ nd emtconfpléﬂaly @pﬁwate:—ngplemented
system portion of "other program rmdul es" 114 e

ol RS PGS | G bneOHE RRPEHEg: ioh SR and data
118 jirshsRffrs Qémteléﬁ QRERG A #eS hEdBlerhOR ar¥eRO are minimized.
processi ng nodul es 112 receive conpressed or

uncohﬁdlé@s@@bm pisgessingl sneyfieed 1poby ppesiciahpaceipiiegspects of the
dat a r t

o ocat iy wER B A A ERcRa ol Heder prossnor
to ppsex&unﬁ hifgeodmdlito ancmiwg operatiahe wigu dteedagoniqegssing cycles.

oper io ar erfor decoder ul e. .

anot e"ﬁﬁ‘ﬁtdﬁﬂgagg t?)a?l“f’?”af?‘?p%e&t)sd g%l °H8 afagg & pegpllel so that
al Soc&ﬁpdtaﬁ@messd@cé w¢dgoean 88 shadimided. encodi ng

process. For purposes _of exenplary il]ustration,

a decoder [0fEYuTReses aéﬂoﬁﬂ‘eésa%’e?tésﬁgcﬁevéyﬁml S‘ﬂaofnethc’ds for

"ot hz%cel@r%@@ viIRCERINNG B Adhafescriddd inldtster deanded
source video data is represented either by input video

dat aAnZpxerhplarySystemei ved in a decoded state, or ,
represent g, i Aﬂh&s@g h?ﬁreglgmgﬁc g %te&ﬁbobﬁd \é{eegﬁg)(g:}esgﬁtraaccelerated

122 t hat S ‘recel enco st at e.
sour gileyi edreodd@t arei desshibedh inghe geespt chntext pr rqongputerf-executable

| g»:)rer %{ a@g{)j%%?rk g’(]ﬁ-)%{?‘ %%8618 eacaﬁ;\%gé B)gp LEQ guftni;%{ievme such as

can ge d}%i’@&hdl 0 ennpaer degpdedraphidsCe (Viddep aatadingt oacceleration
encode i deo data 126, video encoder 116 i.nterfaces

wi t hherdgese. e Reagarmg madvlese EsRsTaily sl@?\‘)fie eroptiges, Brografpgy objects,

accek@ﬁlﬂ&ﬁé}ﬁs (Y4h s‘ﬁ%’cﬁné@ebtc Ot ¢ Pé[rtlcular tasks or implement
tation of tlpep055|be|rrp enent ati ons of

VA Aﬁamcmksabstr@ésﬂ@tawmsl n the Appendi x. To define an

d. t H .

espect PvEIOBTLERE b, R EGEE (v BRAA 1GT 2 NadtERRated video
t he Apaeie, xacclrding td/bie efmbodihesnEe rS\mstee) 10@) inghedgsrhost computing
oy AARYEe 106, B0 CPIARBrSH Foh0L SERRFFES Ao eof computing

for exaeplsach &Na %%ﬁﬁb@ﬁlp@fe[‘ ay lastep! af $6rvg, handheld or mobile
supported vi deo encodi n% pi peline
computing device, etc. Host computing device 102 includes one or more



configurations of the acceleration hardware 130 (e.g

obtai ned via the GetCapabilities interface described
WO poovheosppendi X, 3.4.1); an indication of sSupPEDUSEA7/004638

video formats (e.g., MPEG Ww, etc; please see the

Appendi x, Get SupportedFormats, 3.4.2); supported

search nmetrics for notion estimtion (ME) operations

(pl ease see the Appendi x, GetD:S8tanceMetrics, 3.4.3);

sup C

S PSS SA1E ol BLpLASclf MRORB YRty J0. Syt
CGet SaeamatyP06f moéusdes3cdmp91ter-@mgr@m nmglpb?@r (“padodam modules”) 108
capabllltles f,or l e nf ormat i on
mexicRn? ’égérﬂ&hd%an%)\?v Si 2 OCGSS% i apl getﬁfﬁcr o&pecultes  computer-
sup@wgranﬂdnsmiclnons ffom resfectise ams bhethAppesidhm, modules 108.
Cet MECapabi | i t 5 0025] Responsive to )
Fecropg SR Flffodtids oifeon b orRUE e 11 dor processing
Vi deGU&RNEARERYT aR8 b6 a;dg%nsxﬁwmeﬁ 114 8ueh ekl &5 of;&}%tmg system,
vi deo accel eration hardware 130 for the requested
i rrpld@mtcérwe@ﬁ (%Eecfpf iiaterfapiggriet Vides cnepdingecicelgration hardware,
ass r
oo arep aftlohshibrt 01 ERGRE AIRES PR RE31E A Kifuole, video
Vi d emceﬂnrdd 6N yideoc eh@rdin g mnceslenarmn eseiviBe i Irit8e ramecether processmg
wtht v1 eofaccele ation ha lrelogf,‘!}ig’;;X7 d
cor MeXpbitt g ‘GevreT? |3v¥’rde° c‘? 4> JiACCETgHEY, & vidgo renderer,
showg..as respective portion of "other program nodul es”
114.[0026] Video encoder 116 eval uates the
i npl emend$22bin $hjs dpmlewertaipr Y1680 ISpcesrd) 16y ist 7 grbitrary video
har s gorl 3phik riné’dxﬁWhQ{ e GarfiBRbLt SRR uSe %&a&sﬁ Uata formats,
vi deo encodi ng itecture (software-inplemented
i demtc;,fymdnlyleQWdodmdv{gr opérzadllamsndwaten@coiﬁrdlﬁen@f atbltrary For

eed,and/ or, quakit epef i
bccararBRE i HePheB s ik BERRLIARs by AR i, gn OBM, et
encaqo@dihaﬁaﬂlﬁ dithadgh &fif. behuweevidéodemcodi decelemgtiahideyvice 118
and s m ze data transitions across buses an .
bet W eﬁii%fttééfjstl‘}?§l’°§%tﬁ‘g BRI P&F%Pnofrg %ng’bH?gFf‘fé‘tmﬂ‘g‘g‘lles 114,
bengidnelibpRhakdies evides ehebdths @BcdBGkiBASer'i6 118 is part of the
exanpl e, notion estimation, transform and
quarmelzeémtg@ﬁsteﬁbr exanpl e, one reason to perform
quanti za r ow,
bet ween gl pe :V;]le&gt gecéss%z%@éﬂgfs%ké‘i% compressed or
exe mmlcamprﬁﬂtxb thipwe videof daa 122 e Vismciogitnygide pletd h2 is compressed
conf| tion erein sonme of the . enc ng.pracesse
o o GRS, A VAR TR s Sg AEARRE 12 I RO RiT dfge video
il Lt&te[ m W pRiddce dscsded douhce vides dhia0 r&u«ﬂndedﬂﬂireg 6ﬂ)émt10ns are

associated wmth Fig. 2 e described with respect to
par tR%E byna §e‘éﬂ‘;9°{ H‘goslg}ﬁp &Heqppgiebfnnpiedneqatl th Ragfally decoded

des CfakPEb A aldd e FRhihed RS FuMErgsisthe Qenf:&ﬁlﬁgﬁﬁ&?ess For purposes
nuner al i ndicates where the particular figure where

t he oforsorran dhistrapannhsyds er drreder medwaas shpyay as a respective
| nt 31%%&? gf) gt‘?l@r @i&%ﬁﬂierce gnjngfiﬁleém 0. mf'HB? rde@ ded source video

pi pel'ine catin I rst
i nt rdmkuoedepnes&tgd athet rbst lnx}mtewdnpldata éa% d&iahgvas received in a

pi pelin was_conf i ed{ cus ze

CnC B P Bt r PP e L ARt et SRR gate 122 that
ser Vvk/é‘serelzéﬁleﬂ Ufi hant Biddodel o6 i IVEcodBe Sotfcehwigbo Hata is shown as a
i mpl ement ed processing operations_are accelerated in

har deepestiygportiogrofy pthrguegism datpid24-at i on,
pr ocessi ngoper ations



illustrated on the right side of the bold dotted |ine
in Fig. 2 are accelerated by hardware (e.g.,
w@e@eheras i on hardware 130 of Fig. 1) and PCT/US2007/004638
processi ng-operations illustrated on the left side of
the figure are performed by the host conputing device
102 (Fig. 1). In encoding pipeline 200, optiona
confi gured data access pat hways6are shown with
non- bol d e nes r
respective o [ gl‘?leasién dd '%%h%gfg?cl}?%&n%r‘@&gt %?bg)smng pipeline
[ 002184t dan Behnsedearampbds dnqddedsntlmenmh@o datdsntoemded video data
116 (Fi g.
incdrfr LdedmbRied 1A3eie B TSR HoBlisEa BSOS evice 118

Vi dega d3ded hecelehtibh qAVA) AMEease (Dihbeeytéﬂﬂélatyh@mplementatlon of
exenpl arfﬂ pi pel i ne conf |rgur ation of Fi g does not
copymy ﬁB Postiplee Igipirapeiaions' of Vit g& Issb%ﬁr dé" flegcgibed i the

the th'eﬁg %‘@n‘é@d&g%lbag}ehﬂléﬂﬁ&ﬁ endffer | aﬁgﬂ@ﬁhon uses

ori gl t|ng romthe host 1 ost decrl Sion

mak iregpeetige rvele€ eofgthe ViAlebPer@8dewre.1 phaseoes thet Appendix, §3.4,
t he ex at

deci I%o%er?s%% Od%rgt% ngéu ir e%t%%lelghéllg%le?%{%?ouc éﬂ%glf%/csd of available
dat accélbatidat Aamtiwdre N030.be Suchnshpletitation tspesifics 1nclude, for
exanple pi peline 200 is configured to convert the

i npl?f‘a’a’ﬂea 202 to anot her conpressed formusing the
respecti ve operations of blocks 206, 208 and 214

through 218. [0029J Such operations may include

conwer ai ngllun@‘@tqdr ewrd idyuifying dwpreded visleeowpredisgd pipeline

MPEG 2
hreg Zeolabl et T kAL ALY oI SRR via o
exenpl GeyCadpabiliies anuenface dmubed irhtie ApyeendioggSebil);ng )

operations_incl ud a full rtial dec [ )

st ade ?%IWQN\%QP“O? I%’ﬁ??é‘d@ Eg gty ﬁ%ﬂeoggng etc; please
ef ficighty eﬁd%(ﬁts oPREBodeaQN £3p1 on and work

purely |nthetransform DCT) space). A hunber of

vi deo  supported seangh frogtrins rrmﬂteorusi,ﬂmﬂlqm(MEh operations (please see
esti magj o | n to achieve

conpr eéhsﬁg Wt &ﬁgg%%gggéﬁg% §éfa¥ag?o noti on

est isTatippdried sexehqablilestoe psdcepsing tﬁﬁcﬁps. quatity diadgofdl decisions

massi ve _search operati on co r, (e. vi deo
encodefPlgasgyses th iy %htgﬂartc g§t4 4?&?’%‘13("59

refgre nah h I b | fBge

[ GoSh; AEfpotRaINIE bl s T 8%%8%5%&52?%@&%?2?% e aimum

(e.g., saareh mnmclmv axze,) varigblemeproblooksapperd rn@fbp@tm etq. fiplease see
encoder, 1 r resi dues (e.g.,
via bl g’c ‘& mg;éeg%l%(ga‘faﬁéﬁ%séggguﬁl y coded i mage and

the opti ﬂamzsmdspmmtcm rreceihiagnoicharequests cfrqm ahengdeo encoder
ifferepntial residue is a

Feprderidtd SeainE Aecd R e eerfia d 18TRE a5, s vigep gpeeration

dat sharSwhies LIBY foRPEIas erehaektel f fraplenichaltion. spbafidostnd returns

encoder can optignally request the_re-eval uatjon of

not i iBFPretieBrassenjatedh & ith HeoroarssBPtag rewoRsESdlipmethe qeceleration

fi ngRaWRGs PR Rpﬁmev‘hhéb enSMRl 186, COMRINGL MY Ateleration service

vector and/or residual. The resulting differenti al

ot | 108 intarfases wdthatheanded tesetesatioiubdrdware 139 asing 2 corr68p0nd1ng

conpact ed ock 218) n «

t ecH él gx(q/? Pél}{n I%ﬁ’bcte éY]e&‘ol SLg%ﬁL%) }'Qgh%!twe porgon of “other

di fflﬁbgnimﬁiodﬁlmii"ﬂgMe g.: Huffrman and Arithnetic

coding) to generate the fi nal coded streamof bits

(encoded video data 126) to



conmuni cate to a destination (block 218) for
presentation to a user. In this exanple, the

wop@raticons of bl ocks 206, 208 and 214 t hr oughPC1/8S2007/004638
(e.g., operations such as notion estimtion (206),
node deci sion, notion vector (M) selection and rate
control (208), prediction formation (210), transform
and quantization operations (244), quantizer i nversion
and trangd@emansh veicider1 {@16Va1ands e ld ORMpIcREhA%ion  specifics
(218)) are well-known in the art and are thus not
des supppeted by tbesledatioribardw03 3D iRefiew rdfrthe agplieation’s particular
Fig.. in one inplenentati i deo encader.. 116.] .
mut vikon sl afEEER orc VPR FREBTE 10880/ Enf encoding
ut i bpemtions thit emtelvenefii (elg.hapehtanel/dSQuality bdrefits) from being
i npl enent atj on,, when det erm ni ng whi ch, video encqdin
opelaﬁ‘gg?%rﬁge 2 Ragdyares &€ cferaats%‘%"#‘ PIR }ed&%reéfcaﬁug%ts g trade-off

enc Qg@&ee]al_gidéﬁye&bﬁﬁfl;gt Hﬁzﬁit%' h@ dPseleliC WiRfmiPL R?a('gé B@nsitions across

configuration such that both processor 104 an

accbbegsapnd behueewarescssos, gof ubkgmplary jopetptionsrthat may benefit
exal ham'\])?ﬁe\ékgagraﬁgﬁ %lg&, %P@)Ldn?\ﬁe,% {igﬁ‘ eﬁtimgtion, transform,
estimati on operations are bei’ng perforhed by hardware

f or aad gaahiizaticar, For axemple, vnclsascat@pertfiren gipeizanen impardware
be configured to perf.orm ent.rogg %ér arithmetic or

Huf £ HHF?}ﬂatBﬁngalﬁt%ﬁ%n PPEAPT WAPE by the host on a
differ ent{odzvpmeg.wl sHoGkgoard @ampmyem::@dimm _Sdfniﬂhﬁdeo encoding
noti on _vector_pipeline representing the particular

pi peRctaeconficyation shetedh sang §f dhe graagingipiagesses are accelerated
desgy Pgﬁﬁvﬁgl ®or lfpﬂrﬁd@@s SPERMPIXry MusBRidnhddekediption, operations
Exenplary nultiplfe notion vector (relatively conplex) )

pi pehilrdsga Kleay @ssooidtedovitnEigd e atel descailjad svish wesperfp e particular
mot 108 YBGILLs {)5&4&@8{:@ ef ak), ol E@%ﬁgﬂéﬁ, tha Qe f@Mbst number of a
sel €CtE one Tothon Vect or pi pel'i he based on vari ous

par aefetaice | surdetr iibdidatbel ovlicre the Appendirx figure where the
section 5.1.2. [0032]. Wth, respect to sel ecting

s eaCEIPBRERY it RARUSEARFTY, UEF HOE (R: TUaEgredy diog ample, the

t0 Jeflinkdsdin@ntter df PifRiRE1200NE kR SF MyditAimaldat Bfis FiRR introduced
notion vectors. Hi gh quality notion vectors ar

assdeiFaged ntthis ewomier eceding igpkine 7A@ \@a&a‘rqw%sgur%d/ customized
d 1 ; . , .
et %wép[g? eHé’c%cfequ 183@6?? ?ﬂgtn*‘ﬁ:tlﬁ% de{hevﬁlaQ ‘éhco?tﬁt?% gé}wce 118 such

t he y of the I stance net .

usedhaterespetiigh aneal of yhosbtli02n implenanded yatebsiig @pexhtions are
to perf,orm hi.gh,.quality.yhde n e erat.| . TO o
addragg%lF ’fﬁtes(? @i (51 gf)&é%rg oé?ér)fg gﬁ:‘%e?’g‘%’a‘ﬁg% n&i‘edrlgéllgaém pgProcessg
pr owpdesions gélnet-ated candier tight side| @ftithe beldr ddtter Lifie lie Fig. 2 are

to encapsul ate a trade-of f between quality an inme._.

The %%%F@ﬁe‘gr%‘filPaédﬁ'% (el & efﬂtég%%%f@g’%%@egf ifig- 1) and

the pss&éssmgf d;%@ﬁﬂidd%ﬁ!lﬁ&%e@ﬁnm@le&ﬁﬁab Of @d APpuleadrd Wafformed by
i de

130, etc. o encoder 116 chooses a particul ar

seartbt hosbrpmpugag edevine 107e(fiar D cbp fmcpdiggi Plordne $06 optional
t he.c%ﬂﬁ%ﬁxgerd' QalaBL&GE .'Ha%vb@l‘aa.{eogl%ﬂln Wi fugr?—ggfdtedt Qotted lines.

mnimz data transi‘tion Cross buses an et ween
prod»&sn294 amd @i2osterasemceesgedtivel eniginakdndcoded ipdeipre memory
enco?i ng pi peline configuration will typically include

sevél¥F processi ng stages, each of which nay or may

not be aqoeisgnatieid exbmpdsigplemehiationheiddv@neodsdd16l(Fig. 1) takes
cases where video encoder 116 determnes tqg utili %

har ARARRORE Plpmnressed 08 §aPUBPESERILYIdEP dpfac02 (please also
encode pipeline, it my not be necessary to nove data



from accel erati on hardware 130 based nenory 132 to the

system nenory 106 associated with the host conputing
walewraecl®2, and then back to accel erati on harP@EDS2007/004638

based nenory 132 for the next stage, and so on..

[0034] More particularly, while pointers to various

types of video and notion vector data nay be

transferred back and forth betwe8r the host conputing

devi 0 GBHe QN i n o

ol SR sk B8CEPPRETE 1" MR diine iy piveiine

106 eomfjzwhtion tdfeFigatZa does mbercopp IBBMO s@ure addeo 202 (“raw video

N T —

| ockiftogn ahs ulidsace02r endk iPWhe (Josg. decidibn RkkinN@Whine (e.g., video
EDi rect 3DSir%ace9: - LockRect.interface). Thus, in cases
wher E90K5T ehRbYPRY N9 pisei the UERFeyidest | Kir semmet Heqyantization
and BeskioA® MBWItNEqaRY t1kehdd40 406ch AR viES UalL t?ép data will not be
perform any intermedi ate processing, host conputing

devi gansfgred ardngdis geample, pipeline 200 isheondiguoshtedonvert the input
buf f € roc ' st.age This will .

or oy i AR1EGRIG SRESE 1905005 ne I0nRalivs pepratigns of blocks
avoi d06RiScesisard/thdadgh P18/enent /transfers. In this

manner, Vvj ncoder 116 design_a. video encodi ng

pi pel i ne loﬁg% g\’) CRATAUQPS ymay g‘?“rl?i“}ee@’a‘é‘irﬁng repeefressed (YUV)
acr ogkleb Ues t@REPREIBE MPEGCE SSOf %n%}a%lﬁ&@ 68R¥oding video data
further increase video encodi ng speeds.[ 00351 At this

poi nfrom, MiGeh ée@eionmtstqwg\él\dég datgdoanat hEor purposes of exemplary
I mpl ARALALH ORssSRRC k4 SURROS; | erati o .
har dwar e 13(5_?85 Vi e\ls\}I{d(giSﬁ?he ag{)(%l?%é%\égdﬁ&glgpglfﬁidgu éfilll or partial
vi dedeaomeprdssion stagde fadlbwadeby swf envandei stpge If@rtedye hitore efficient
i dengj f . odi ng, aperati.ons that .coul d bepefit

from og%élﬁgg%lgg:eh%" A SFCPRPRAT RS Wk el t?’g&ﬁ"éf?m (DCT)
pr of spaee). M ni Al nachbeAtof ides SddnBssiRE fBRBaRUERKe AE of motion
betvveer}ﬂ%rocesso%;s, and/ or so.on. Based on these )

det ePFHPRHI S nTansiPHE, 28 c quatizetign st ckqhieve pompressien: Of the
Pi pebéhipresibhistiped! indflok siiRaRSILisdSFRARY (5O ' i
dat a, agrd therséubgr;, g_engr a%e encog’gcgﬁvi dgo dgg)g%i%%.g&%cmdmga
Next Maggive scaral eperativnewhereaanf ensedene i, vidtecenendedl I attempts
accel e i i : reate amn,enceder object . .

Co oS LR REEN Bk foter el o A GRS PhBoks i o given
Appemdidge, Creat eVi deoEncoder APlI, 3.4.6). In this

I mpl ement at.i an_.encoder. obj.ect (e.qg., reqgul gr, COM,
obj ect) i @b%@ggfl%% S, SpyaRt TPYPR detg‘iﬁ’ésg aH émemeﬁ (e.g., via block
pi peRdd)efoe wath B thei AcrablbcRE)EtherendBd& 0f6 tBMputes the differential
follown for tE out put _encoded bitstream

t

:a format i
the FRSHES (&€-i Higublogh 2 Buthaaed qatthe speigtslyagadsdi mpags and the
W t hopthRal mbtiBR I VeRforC Oid Sidkidh vaBror SA1BhE Gvith the differential residue
configuration properties, a suggesteed nunber of
buf f Bra& coRppetarspsgsentationsefoidie auirsnt winage.t Héhedinpfien erector data is
/0O . e i pel i.ne :
cont | arabsaeenis AR AR AR GRahRCian aprioppliygoauest the
Si zerchaviuition o€ swuionegecoryrigpthieceidde viccdethtioneliard®are to find a
able_to ther,..and other paraneters. ( ue si.ze and
t he %ﬁ“ggfo‘%f dei & BurtTer §815‘£’§16 s@é’ﬂf’i‘ai%]“;orr é’f‘@/zf’ir i frgidual.  The
to tReuibiageiifferdgial @tidSvecistgas! St thd R8It @htd Sre compacted
"actual "), %]gOSG Next, video encoder 116 uses the
cr eat®elh ERcbI9sk Jf)etar emnie,cusing: éeohnidnes Hikevivgelsngth encoding
encodi ng accel eration service 118 to encode the




decoded source video data. To this end, the encoder
obj ect submts execute requests to accel eration
wharodierses 130 (pl ease see the Appendi X, PCT/US2007/004638
| Vi deoEncode: Execute API, 3.2.3). [0037] In view of
t he above, system 100 allows arbitrary inplenmentations
of video encoder applications 116 to define and create
vi deo encodi ng pipeline configu®ations during runtine
to f a4l - 20 ayaj, . Bhinend e ' .
acc eggt%gn dﬁgér&g%?e%? gﬁﬁgng?g'égghencod?g% ggg%égg%dc oding) to
qualgengrateAshpafinalofcaded s streamt ioffebitonfengaded | video data 126) to

oper.ations he video enc r n use VA .APIs 128 .
0o SR ears, 1 o HETRRE ok el M PrSengHphgp v In s
i t eendrhple, dhe espaiGaghblogkd Mok} i Jvge ageapth ﬁaﬁ&%@s 218 (e.g,
of increasing refinenent), define apnd use generically

sel 8BEraHPRS Sich @ Wofigneftization, §206 s Bloget 3?@813118 &timn vector

al g@wc?héelmﬁdarmﬂnge alontrgl [Ed) predidtfRP R RN Zlgﬂytransform

know edge of details about the actual algorithm been

enphoy egh)antigatian opetasionat (3lddeguentiger mycisvdolapdi gensform and
(e. . i r ' e of ..t he

bar Frisiqi218) Bnd HEGRTRSEREIS o€yl R fLuklifand are thus
t henatdsskabad fuothendechimr e 130 i s unaware of the

conpr ess t .format. for the encoded videq data. . .
126) to BDALh RPtbing ARty Aokl da B Feciiegeniation, video
wheefcddie 1¥6 A8 enaadfrealid® Hpliesich praV@aing fIrofMl &iihifation of
based on a search algorithm, and so on. An Exenpl ar

. . ry .
Pr o@ekfifratipn danfwated 303 Ta i imaplemeatnbionr yhsnogeamiging which
300 b &es&hgro%ﬁﬂio% 3ROt LHELLE R te @ HE REMIWITe, d @ Encoder 116
enbodi ment. FoOr purposes of exenplary description, the
opernwy stristwé thédparpicoke gipedina centigwation suchnihtah bothsprocessor 104
to components. of, syst e Q Fig...1., T | ef t npst .
nargbareareistiof YS9 Jhuk Riliea i BRI ppen video

par theadigg pipeliticc mbeo® édnenatioNpopentiohs 4rer Bbing performed by

descri pbed. [0039]. At hl ock 302, video encoder 116

( Fi §ardpjare g %bcﬁﬁﬁbg‘fmﬁﬁ IR pipqlinegay pgenfigured to
vi dgerifah 2ntdgy 1§§r BAth AP bL BREEnar) R didP BherdlidR9 if 8b Bware by
represents decoded source video data. At block 304, if

t hethenpost: enoe sliffereat frame of caden dated Ay iededplany gdegle motion

116 : t i npwt . vigeo 9 at e .
O L TN P —
116s¢lnttedsouasrad tih dghchbéd 1IRBowoimube yAppewlier at isection 5.1.1.

hardware, 130 for .capahilities and video encodjn . .
oy pEr e s RS PR Rop iR AR Y S5 pL polnes wherein
bl 0ekde30&ncyddtad 6eneqaests 1fluplal ualtds thRetdit PPt edoceleration
capgbi lities and inplenmentation specifics within the .
cont@sdvase 189 eandiptedsriht 2RG JRCHAR tYRSteF BiRFUBFcBawd on various
1_16Razta9nét&§'?§ ad%riBEd 8RN ELHE MhRRGAAL LASoR§§0L 1 at ed

with the particular inplenmentation of the video )
encoder [0082k Wath maspedicivetslectingorsérasiimeefde, the quality of motion
acCebabal It fRLCHEARSYrN0 s BORE%LARMA tIUAld hle of the motion
decisions, mnimze data transiti®dns across busses and

bet weanrspr Highs quality randd vestorsoare| &38ekjtedtwith dok B&Bte streams.

vid encpoder 6_creates, an _encodin | e hat :

o BRELOSl SIEBNTG bR e FPREBLGIET g AL Pk peich, the auality
t he of dig aldorilsiny itleke @i e inBicORSYdQtet® Highh ghalfymotion vectors
benefit from hardware acceleration_in acceleration

har 8e@iHd beagsed;tpresfasm highequabivr Fidfeasnaogie qpgmtismes To address

(e.g., via a




sel ected search profile), and m nimze data flow

transitions. At block 312, video encoder uses the
wee@atiediencoder obj ect to encode the decoded BOIUS®07/004638

vi deo data according to the sequence of operations and

encodi ng architecture delineated by the custom zed

vi deo encodi ng pi peline generated at bl ock 310. These

encodi ng operations of block 3120generate encoded

vi deg@,;dag; i . ' : hough the .

syst glrlrg glggazrr%tc&gg% f %&%Tég%%&} %rgg%“g%ﬁ\]/l%d gtvéér)leg odi g ric construct

havecdllbdra shasdr priofite fonercapgnlaiga satecofilbetwansjualict ttiditime. The

o SR R B SThROe B ArarB i AR SR algeitm used by

the tppanddattdmhaRivaire T80 SIECYSRRN bhdodet 114 RUob&st Aarticular
specific featuyres or actions described. [0042] For

exantfazeh 5| Piodligh paseds prg dheri garticulpgy e rp@liements  of  the
descgidyadr WitBidhdnhfiognont ext of encodi ng video data, ‘
APl's 128 can be used outside of the encodi ng context

for har dwiP33laWaidl tgspedtote ofinpnizéng idatac tiaosisiosucierass buses and
edg t] tion-yector based noise. reduction, .
R B prB0e DB A0 Rl preod 25 P B Wdeo encoding
convgipsliod confeguraiiory wild ppically drlidy seefdl WresesYingi sdkes, each of
appl i ?‘%’ ions, etc. ' ance wWith respect to noi

For ins se
r edu&tHOnTaY (P* JHY Pﬂb_{’%ﬁﬁ efefesnVigi e leritog drdwars 130. In cases
( Fi owhédpe GodHUEBE0dERL I D6 JREANSs T8 udlite Mﬂ@yeoﬁgﬁeéeration in

of decoded source |nmage data. Then, video encoder 1

ut i | ucEsssivs stagesrrighe coerde pipekieg.iibmay1ed bedieeessary tnmove data
L0 MBbhPEURELRSSh WSt | {

det erm ne cWhet ﬁizr e?her e ggg%%%gﬁgwg%?gﬁﬁ Sg'r?telnﬁ memory 106
t he assperateidnaifh.the hosthéamputpigedevitatl DAnand tienbatiato acceleration

enc I 6, of .then util.izes the ni tude of the
vec ?l?)ar%dfvé}edParSg d tmecl)%‘j)%c]tgzt é&?ﬁﬁ g /rgPa%ﬁ ?’Efﬁon‘ﬁl' :
aggr essi vienegsMote puticaelys Wilites pSinters REMakioUs @Ypes of video and
obj ect .to reduce stati c?ﬁl random noi se. [ 0043] In
e

anot REHOBX YR d@fa FaYe pogferedeipcks pag forthabpygen the host
i N offnbiritlge MBEBE | Q02 ViA@o @RC C -

mot i on lliD/ectggr.s for all magr o%?o%%gélgﬁgﬁgeg{(%%%ou%%% moone
dat almpleentatingoaunall eta kseporded ¢o siystew mistoerl Obhwirly when the

is | . j ' ' Thi L.S..ACLO i shed_.b
o AR BTeL P50 S0 LG I b RRRY i g oxeme
whet BirectHaSedaged aApekRect! UErsenaplerys imerfaves fof Ieking Henrface are

vi deg_encoder 116 ncl u t there is obal _
ot OV B oIS HAE b D L Sa e Prertace), Thus, in
| ar gease@mowhdkotko Séncdimgd pdadliakNktagss ifblléWebRe | shother, and host
overall notiopn of the | arge macroblock, After

det eYHIRHIHE \if&{Ifer' Vg1 GBST #Rjt M6Rd i © loeqrsrtormi fanyj daigrmediate
enc gg@fes%ﬂrfg, HoSOcdrhpeting Baicd 162 GhRRRbidER: 99 “¥§EkOfhe aliocated

ten o be jerky across frames, video encoder
conchufesbativgen ithe processing stagas.j Thigi widk preynut a redundant memory

CorPERTA A St A 0SLOG8 SRS 6L 55, LHLEGE s o
specinfimerf galeareasodardl 16pdesidri ovideof crEpatePiOBn@MRL substantially

di scl osed as.exenplary for of inplenenting the

cl ai THEY™8%H; ‘é*’g? %‘F?eé%/ EFSENDYSSE An%%ﬁ%ﬂ pregegeys, and thereby,
Encoflethée iRtk vides eAbbdiMhdpeedsncode This Appendi x

descri bes aspects of an exenplary inplenmentation of

t he vi deo encodi ng



acceleration APIs 128 (Fig. 1) for accelerated video
encoding, also referred to as VA Encode. In this

w0 pq7amené at i on, APls 128 are designed to enabP&I/UsS2007/004638
encodi ng and vi deo processing applications (e.g., a
vi deo encoder nodule 116) to | everage accel eration
hardware 130 (e.g., a GPU) support for accelerating
Motion Estimation, Residue Compdtation, Mbdtion

Conpensaty d arm bl te Vi
Encode 1?k§§&§%|eﬁﬁ 2%htenfé¢i fﬁﬁ§%ﬁ§ﬁ§ryﬁEésfé% the
- 2implemeptation specifics supported .by acceleration Hardware 1B02in2view of

Pi pﬁ@k?%&ﬁ%fz%(go%ﬁigfélmﬁgﬂr at Vi eSLo 17engoc%1'ng1 architecture  (software-

VA2 irbpleasteitd)ac Mt BaY leﬁaidlﬂgl opéraBofX P LtaulM bRRkfifom being
- 3.1 Interface Definition 18 - 3.,1.1 | Vi deoEncoder 18

. 3aqcelerpigdgiokady@sn. Selostedea sgarch profilgs rgimized data transitions
| Vi deQEOCHERs 84 - bg’cw%eﬂ' Egﬁkgééfotser aljr@?og éatz%ln' Based on these

Rel easeBuffer 2 1 3. ute 2
St r determinatiogg.evide® eQ@)dgr 31@_ selects a particular pipeline configuration to

e'E&) odeeegél %g@tf}d ur a éggr%}ﬁg’t ée“eﬁﬁte Fngoded video data

Dat aPer aNeker vikibo Ie‘mah/@fﬁ't [3) (3 nﬁérfacék. %ith video encoding acceleration
g: g;%g%:.rgf % to—#g%tlfa?%géggéwg %zg% to implement the selected pipeline

Dat Qﬂ@é@%@fﬂﬁﬁfﬁbm nE%&eYh&%B%c%& API, §3.4.6). In this
Dat aPar anet er Decodedlnq&s 25 3.3.8

VA2 irpplespatatifgy énpgngoder abigetg(e.g., a regular COM object) is created by
Confdggﬂggﬁhgom:earsﬁgte%{ fn@ngéﬁﬁ%ﬁ%h%[ﬂ aft i B2 more of the

Sear chResol ution 27 3
VA2 fathyoing: SdarmatPfoofthe betpav edc@ledbitstream, the number of input and

de_MBDescri ptio 8,3.3,13 o . .

Voo TR e raRtnsP s @b iy, s, ninclinge copGetpsen stesic

29 Eo%ﬁ@&?%f ngweaﬂéetsQnangge&%g Qu4aﬂie'rzafi puffe8 $sudfaces) for
Met hods e ncoder Servi ce

Get PISOSIAHRBCBIY dh alitiess 3‘%335%3@36&?%# gt dezgelected pipeline

configuration, and a driver spemﬁed allocator queue size based on resources a
graphics device driver is able to gather, and other parameters. (Queue size and
the number of data buffers are essentially referring to the same thing; one is
“suggested”, the other is “actual”).

[0036] Next, video encoder 116 uses the created encoder object to
interface with the video encoding acceleration service 118 to encode the
decoded source video data. To this end, the encoder object submits execute
requests to acceleration hardware 130 (please see the Appendix,
IVideoEncode:Execute API, §3.2.3).

[0037) In view of the above, system 100 allows arbitrary
implementations of video encoder applications 116 to define and create video
encoding pipeline configurations during runtime to take full advantage of
available video encoding acceleration hardware to increase encoding speed and

quality. As part of these runtime configuration operations, the video encoder



3.4.3 CGetDi stanceMetrics 30 3.4 .4 GetSearchProfiles 3

1APPENDI XA Exenpl ary Vi deo Encode Accel eration API
wW@20075006e¢ MECapabilities 3 1 - 3.4.6 CreateVi dRCENSIHAB004638

32 - 3.5 Data Structures: 1VideoEncoder Service 33

3.5.1 VA2 _Encode_MECaps 33 - 3.5.2

VA2 Encode_StaticConfiguration 33 - 3.5.3

VA2 Encode_AUocator 34 - 3.5.4-12-

VA2_Fie G RARPRS £ R Qi3 1B BB tivo o
VA2 Encg%?u%t{r[eaﬂg%s Ssgy ép%g fgé}éat gncodmg pipeline is to implement
VA2 _Eeretive dBEﬁ@drﬂBesﬁmmg)(mohgp% dmo}B@aé’se'é cﬂ‘ increasing refinement),

ARSI EEMRRAL Pl Role 1o tueiesaes fo6. alepting a search

Struﬂu:rm&:bh{bédaﬂ rn&en%@s d%@ncieMHﬂ VESHRige of detail
|_ayo;;g 36.3. 6. 2 Ner%TE)PForrmt T 29{} g¢ ol detatls

d@ewsmai aglgonthm peen \ﬁ@lmi@@d euwzrg/ plerBat -independent
3. 6. Bl Fe.%;"/ QUL Séﬁeg’ fﬁg@dfr 116 is unaware of the particular

VA2 Encode ti onVec tor8
VA2 _imrpggdtorivat iofniviput oideo6da8 1326arkl the acceleration hardware 130 is

Vect 8
Vo ERSAHE otBht SV P e hor the apprtadvideo data 126) to
ReSI des)l 3&arehi31g7 adaﬂtlmwa ﬁlzém@ gdrowﬁex%, t%e@dl&!@nébd%r 216 selects a
r.oma :0 - 40 Exenplary Document ati on

40 4m1°rE oy Sies Bﬁseé]rﬂf‘ AR plgprithany aa}d 50Pny

FND3DDDI  GETCAPS 4 1 4.1 .2 VADDI

QJERYEXTENSl ONCAPSI NPUT 4 1 4.1.3 03DDDI ARG
Emmw 4 2 .Encode Functionality 43

4.2. 1 V. 0
VADDI _Encode Fu% gl OE ecu e %&5@'&2 %ﬂ%&r e%gfglgwted video
Devi @sodingycaceoeding3 tel. Goe lerviAiinePR| VAUTBYRRes 46f exemplary

éNSE))éBZBB—l% TégG EXTE@T%%%E@E %g%&uﬁe 421:?; gescnbed with respect to
components of system 100 of Fig. 1. The leftmost numeral of a component
reference number indicates the particular figure where the component is first
described.

[0039] At block 302, video encoder 116 (Fig. 1) receives input video
data 122. If the input video data 122 is not compressed, the input video data
represents decoded source video data. At block 304, if the input video data 122
is compressed, video encoder 116 decompresses the input video data to
generate decoded source video data. At block 306, video encoder 116
interfaces with VA API 128 to query acceleration hardware 130 for capabilities
and video encoding pipeline configuration implementation specifics. At block
308, video encoder 116 evaluates the supported capabilities and
implementation specifics within the context of the implementation of the video
encoder 116, to identify video encoding operations associated with the
particular implementation of the video encoder 116 that may benefit from
hardware acceleration, make encoding speed and/or quality decisions,

minimize data transitions across busses and between processors, and/or so on.
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macroblocks of decoded source image data. Then, video encoder 116 utilizes

motion magnitude, direction, and correlation to motion vectors of surrounding
macroblocks to determine whether there is a local object motion in the input
image. In this implementation, the video encoder 116 of then utilizes the
magnitude of the vector to direct object tracking / filtering aggressiveness or

average shifis of a particular object to reduce statically random noise.
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Streanmld Refers to the particular streamfor which
buffers are desired. Depending on the particul ar
waoogamelai fferent types of buffers |ike | nputPCTES®07/004638
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Streanifype Specifies the type of buffer to be
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easeBuffer. The pQinter is recast (interpreted)
gie 'Bﬁﬂpﬁeoéﬁ%aﬁﬁﬁyf&'ﬂ%ﬁﬁb?@ﬁ and this is
described in the table in the remarks section bel ow.
Retalgratioyshagdzars isoiewedasta mpelse cad edepklinE GUIDAY AbddABldEscribe the
Tirptdapis cpefigwration elshreamts dfghalpipelar. The gtabofadodospeed-up may be
tharghaof intimpgely pennBrted kd thg ehélad pipenesdficiencyf al se.

EJNVALI DPARANVETER The i nput paraneters were incorrect.
desigpllgws frsglit (Ppmulticatags)) @ipelitrsrists éumTygsdadoasi forth
Dtvesrihe Host RS and deschasdwirg) kefore dhe fimsbogbuids oSained ifieimulti-stage
RipeAie coRBRpRicyRTIED berrisaianst yetathe gonfiguratipns below describe nonsplit,

PR3IBEPELPIPEHSS not supply buffers for the specified

D Al | d v s for Stream d are descri bed
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ﬁp@B&sHAﬁdaaﬁI4Eﬁaﬁ[¥h4-534s1ts£1:%94@l | ocat or may be external, or .
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SxXpTVIGEch WiceiRe Redardenhhas FlRh8hndE Decoded Image. The Decoded

Image need not be transferred to system memory as its sole purpose is to compute Motion
Vectors for the next frame.

Later documentation will refer to a parameter called NumStreams. For this pipeline
configuration, NumStreams is five. The actual StreamlIds are shown in the diagram in
parentheses.

This is a single stage, non-split pipeline, and hence the Stage parameter of Execute does
not apply.

Stream Descriptions -
Note that StreamType_* is an abbreviation for VA2_Encode_StreamType_*.

Input Image .
The stream ID is one, and the stream type is StreamType Video. This stream
represents the image for which motion data is sought. The allocator for this
stream is negotiable - either the current interface can supply one, or an external
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t he Exeabt#inedalid GeiHuffeSodlpt be accessed to till all

associ ated Execute calls have conpleted. The pointer

2.2 V&2 dowcodeRipee_MofioadEstimatipnst i | | beAPPENDI X A

Exenpl ary Video Encode Accel eration APl supplied as a
patrarretiercateps Aadroaeéoaevsoal | ke Execute since this
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software.

NumStreams for this pipeline configuration is three. The StreamlIds for the various streams
are show in the diagram in paranthesis.

This is a single stage, non-split pipeline and the Stage parameter of Execute does not apply.
3 Exemplary API
3.1 Interface Definition

3.1.1 WVideoEncoder

interface 1IVideoEncoder : IUnknown

HRESULT GetBuffer(
[in] UINTS8 StreamId,
[in] UINT32 StreamType,
[inl BOOL Blocking,
[out] PVOID pBuffer



an external allocator is used when GetBuffer is

expected to be used, this function will return E_FAIL.
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cr EET QN rottie°dat.a buffers are allocated on creation,
and- obtai uede duizk ng-pdaene 8t dueBAGaspr ocess by cal |l i ng
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fout] UINT32* pCount,
[out, unique, size_is(*pCount)] VA2_Encode_SearchProfile*~ pSearchProfiles
)i

HRESULT GetMECapabilities(
[out] VA2 Encode_MECaps* pMECaps
Yi

HRESULT CreateVideoEncodexr{
[in} REFGUID PipelineGuid,
{in] REFGUID FormatGuid,
[in] UINT32 NumStreams,
[in] VA2_Encode_StaticConfiguration* pConfiguration,
[;n, size_is(NumStreams)] VAZ_Encode_DataDescription® pDataDescription,
[in, size_ is(NumStxeams)] VA2_Encode_Allocator* SuggestedAllocatorPropexties,
[out, size_is(NumStreams)] VA2_Encode_Allocator* pActualAllocatorProperties,
[out] IVideoEncodexr** ppEncode

)i
}i

3.2 Methods: IVideoEncoder
3.2.1 GetBuffer

This function returns buffers (encode surfaces) for use in the Execute call. The buffers are
released promptly after use by calling ReleaseBuffer, to avoid stalling the pipeline.



configuration paraneters supplied when the encoder was
created. hEvent Event handle signalling that the
wounbuboadat a i s ready. pStatus Status indicati RGT/US2007/004638
whet her the requested operation conpl eted
successfully. All owed val ues include S OK (successful
conpletion), E TIMQOUT {/ t was exceeded) and
E_SCENECHANGE (ifpeqyp &?Qr’ﬁg*éOQfe‘%@E’ceraéwn\ﬁa%l enabl ed
and detected). In both cases of error, none of the
g&glgtjteetg%rfecesAPPENDl X A Exenpl ary Vi deo Encode
ccehetatal @Bafd] contain any useful data. This
par giel Bl zics il T 6cat ed on the heap, and the return
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Retlirn Val ues s ok Function succeeded. E_FAIL Function
f&E ine d_voReyreEles tHres mumm_WNWeﬁR@_ggWstcsa adrkred, it
SENS "tHat” E“”’Eﬁect CRot-T Ot Owpl BT E-1 FRhen
pg}dnegegn any of the output surfaces SI nce they are
as?%eamli particul ar, the LockRect call is expect ed to

not Ple 54 dlm%!i}n ®dr Wikl rerYak 4k %ﬂ%m on the
event Nelceh obim, gyt §Pthite: HESHS ﬂggi Motion
Chr ough T s e LT e by o
Execut e deafifurhiash Q@bﬁ@%@@% ﬁqmmn0@ﬁ$wwcﬁﬁesq& Streamld are
par anet psifiedPRGlat Jf tit2bigelRRBABELLtHnCaN be thought of
as gegahwﬁw from VA2 _Encode Execut eDat aPar anmet er base
cl ass Se&'iﬁe%ttlﬁ HbEhutti o BORGIrhd L TGHBAIY H{easttﬂe% type will be
par anetl gmpliédby %%ﬂhtan@ﬁeg%ﬁat@@ b thé AhefoF @FBation. If StreamType
VA2_EncgglgotlypéastaGaR Sekanal, tad RmtadBlefimPasardz vaRs. The data
(or str umiEfF ie)mte&raed(wa&ﬁm&eoﬁ&e @hlue bababas Rl Hescribed
t ypedef istiheiable iV epafideedtioacut eDat aPar amet er {
Ul NBiBekidgengt h, - U NT32 Sfcream d; }
VA2 _EBpéies EmemmeiBa:t aRae ametiar whemﬂhe fisstiueatid) ohsuresther
of byt esebdfdr ltirstiBhg. UCtaltieof TRuoindibatts fiak the function should block,
ext ensi byHiletBalse Shdiested tlatfhe fulnbri@f shbhid rekataE STOTAVIAIEABLE.
defpBg@drin the pipeline configuration. The buffer
f or maPsingr 0 andgabiufftrad batelessedviaReldasaniiesi Thg poheer is recast
St r eanDggderpyetddd baged paist $treanTyPe Rarameter, and this is described in the
VA2 _Enc aetde itxthe uieredthsn$dactjonm belownPar anet er t ypedef
struct VA2 Encode_Execut eConf igurationParameter {
@%@2’ A_Tgt h | -
S_OK
Function succeeded.
E NOTAVAILABLE
This is returned when the driver is starved for buffers, and the Blocking flag was
set to false.
E INVALIDPARAMETER
The input parameters were incorrect. This may be used, for example, when
StreamType does not match the expected value for the given Streamld.
VFW_E UNSUPPORTED_STREAM
Streamld is invalid. GetBuffer does not supply buffers for the specified Stream ID.
Allowed values for Streamld are described as part of the pipeline configuration.
For the specified stream ID, the allocator may be external, or there may be no
allocator at all.
E_FAIL
Function failed.

Remarks

Normally, this function returns control very soon as the buffers are already present in the
allocator queue. The only conditions under which this function should block (or return



U NT32 Stream d; U NT32 ConfigurationType, - } _
VA2 _Encode_ Execut eConfi gurati onParaneter, - tfdefine
w27 Eomsesie_Conf i gurationType_Moti onEsti mat i orCDES2007/004638

ftdefi ne VA2_Encode_Conf igurationType_Quanti zati on

Ox2 Menbers Length Number of bytes in this structure.

Provi ded for extensibiltHPPENDEAM d The ID of the

data stream as MREY Vifep FacedesMicelsetion MBI gur at i on.

d to infer whether the data is input or
%gﬁﬁgﬁ Vit gorpébeaa%?@sfépr @Hege hitedmen Rebmitted

i g VA
‘%gn gﬁvd?eaf”f A SHRE Py th agplication @ad hence ppkistessed: he
SR S U SR DR Y A RIS A Exenplar y
A iR L e e
?t:g]e%agl} ?‘I‘i%ér%m?] ) biv) ‘recét'iéz ;5%‘;?;%; ??bfgegg@ 1§ 5BYtferis @ pointer to three
speci al i zed typsg e 0§1ﬁ Afy( grggg’%ﬂratl o'?T%pe

ter. The n SRV i qUf AT SHType and
e arbi al i vod | PR b R BT

the special i zed |gfL 88 nowiey, A R Ldpif ot

e

bel ow. Confi gur El#, Fre Zfﬁ a%‘oﬁne% tpﬁ'nte%:z)'as{l acet, 8rrN'MPjL if not
a

onVect ors typedghpsikc el c

VAZ_Encode_EXecut eDataParaneter—wtonvectors—

3oyt RelddsdERHfSE r eanl d; VA2_Encode_MSurface"
pMVSur f ace; } VA2 Encode_ Execut eDat aParameterHl\/btlon
s MELHAS, ngfcsro bytes in this )
gfﬁ%ﬁ?"e‘f Mgr oV ir%g%@? %ng%t SRSIBY {hfgtaili?c_ "BEH T HEC VB
of the data streamas defined in the pipeline
wwonfd gukadsi@i Thi s can be used to infer whether the
datt 5] jJENT "#Hr output. pMSurface Pointer to a
st ﬁgétﬁgggﬁggé% ning the Motion Vector D3D Surface.
3.3 4 Dat aPar anet er_Resid iies typedef st r?Cbl T3
Pa¥dvieters 0de_Execut eDat aPar amet er _Resi dues )
_Léélgtg U NT32 Stream d; VA2 _Encode_Resi dueSurf ace

pResI gl%%bfaggo%%;ted with the buffer.
StreamType

Stream type for the buffer.
pBuffer
Buffer to be released back into the allocator queue.

HLNE22
Ul TNV oz

Return Values
S OK
Function succeeded.
E_FAIL
Function failed.

3.2.3 Execute

This function is used to submit requests to the hardware. It contains input and output data
buffers obtained via GetBuffer, as well as some configuration information. The function is
asynchronous and its completion is indicated by the event being signalled. The completion
status is indicated using the pStatus parameter which is allocated on the heap, and
checked only after the event has been signalled.

The buffers supplied as parameters to this function are not be read from (eg: via LockRect),
or written to by the application till the function has truly completed. True completion is
implied by an error value being returned by the function, or if this function returns success,
then by the signalling of hEvent (parameter to this function). When the same buffer is

input to several instances of the Execute call, it is not be accessed to till all associated
Execute calls have completed. The pointer to a surface in use by Execute may still be



VA2 _Encode_Resi due Xurface* pResidueSurf aceCb;
VA2 Encode Resi dueSurf ace* pResidueSurf aceCr; }

w27 fesodle Execut eDat aPar ar aet er _Resi dues; VEPGIBTS2007/004638
Length Nunmber of bytes in this structure. Provided for
extensibility. Streamd The ID of the data stream as
defined in the el | ne céﬁ?ﬁb@%ﬁon This can be

used to infer Hpfary Nédeﬁaﬁ“ﬁo‘ilesA?fr?&ﬁt‘OBrAPdut put

ueSur f aceY |du sur.face confainin '
T R T S ot e s
Lglﬁg %g%g 6‘5% GX% 0B PP TR O [Qlc'g%tlple

6?&“53 ﬁls%fﬁ%u val ues 3.3.5

?@igp rr}%%%{?%g}% c% 3%/ g ?Cél?or t1| F ftt;EJIa at?n time. If
a1 2 oop t' ek Hﬁéﬁﬂeﬁ Et%gﬁ%%)a i g will
E:]CO?I ceI eration API VA2_Enc ade_| nagel nf o*
mgmgaga;ta( } VA2 _Encode_Execut eDat aParaneter _  nput
nage; UNEntreses Ja?n thmelélyrnber of bytes in thi s
st rusthe¢s<§"nﬁ§bh Tiecextensibility. Stream d The ID
ekt anstieart spatreftﬁﬁedﬂﬂpwt%e pi peline

utputDataParamet
con g Ut 66§ dObmon ;‘muﬁcéaram$asused to infer whether the

dat @1 SIS e R B 2t [feRgeBePEE=Poi nter to a
St r UGt LEE L COntaiETIn Ohdaﬁmdetﬁﬁut i mage D3D Surface. This
is Jimenm*ﬁﬁ“?“brrec%%‘ﬁt‘ﬁ‘ﬁ’f‘iaﬁi’ie’i?'é etvrgurare™ sought .
3. 3t°6ﬂ DatsgPRarranetser _Ref er encel mages typedef struct
VA2 Encode_Execut eDat aPar anet er _Ref er encel mages {
thme&sengt h,- UNT32 Stream d, - U NT32 '
Lrence | mages ,- VAZ2_ Encode | raagel nf o*
pRe ﬁt O}Iﬁ ratlons this parameter 1dentlesE-1 specific stage of the
VA2 En CQyR @li?dét gﬂéenﬁgﬁ LdYoF n r‘?@]ﬁﬁ‘fﬂpelmes this
Menber s & is 1gnored
NumlInputDataParameters :
Size of the input data array (next parameter).
pinputData
Array of pointers to input data values. Individual data pointers are recast
appropriately based on the Streamld value which has an associated
StreamDescription specified on creation. The data buffers are allocated on
creation, and obtained during the streaming process by calling GetBuffer.
NumOutputDataParameters
Size of the output data array (next parameter).
pOutputData
Array of pointeres to output data values. Individual data pointers are recast
appropriately based on the Streamld value which has an associated
StreamDescription specified on creation. The data buffers are allocated on
creation, and obtained during the streaming process by calling GetBuffer.
NumConfigurationParameters
Size of the configuration array (next parameter)
pConfiguration
Array of configuration parameters controlling the execution of the pipeline. The
overall configuration is the union of this structure along with static

configuration parameters supplied when the encoder was created.
hEvent

Event handle signalling that the output data is ready.
pStatus
Status indicating whether the requested operation completed successfilly. Allowed
values include S_OK (successful completion), E_TIMEOUT (if TimeLimit
was exceeded) and E_ SCENECHANGE (if scene change detection was
enabled and detected). In both cases of error, none of the output surfaces
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e

VA2 Enco ecut eDat aPar anet er _Decodedl mage {
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331 WAR_Eacsdd %@@ﬁﬁép&?&ﬁé@ge 3.3.8
WefEﬂG@ge v;lznﬁgﬁl rﬂ:fc&ul!e&@ﬁ?dx%ﬁetﬁ f uct
ﬁﬂ,gncodeen elnd:o { IDxrect3DSura se9* pSurface;
B Hﬁb}dput a}JaﬂJthrl aced; RECT W ndO\N; }
VA2 Encode_ I magel nfo, -
Members
Length
Number of bytes in this structure. Provided for extensibility.
Streamld
The ID of the data stream as defined in the pipeline configuration. The buffer
formats are negotiated at creation time using the StreamDescription parameter.

3.3.2 VA2_Encode_ExecuteConfigurationParameter

typedef struct _VA2_ Encode_ExecuteConfigurationParameter {
UINT32 Length;

UINT32 StreamId;

UINT32 ConfigurationType;
} vaz _Encode_ExecuteConfigurationParameter;
#idefine VA2_Encode_ConfigurationType MotionEstimation Ox1
#define VAZ_Encode _ConfigurationType_Quantization ox2
Members

Length

Number of bytes in this structure. Provided for extensibility.
Streamld

The ID of the data stream as defined in the pipeline configuration. This can be used
to infer whether the data is input or output.
ConfigurationType
This parameter describes the configuration parameter, and is used to typecast the
current structure appropriately.
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typedef struct _VA2_ Encode_ExecuteDataParameter_ Residues {
UINT32 Length;

UINT32 StreamId;

VAZ_Encode_ ResidueSurface* pResiduesurfacey;
VAZ2_Encode_ResidueSurface* pResidueSurfacelh;
VA2_Encode_ResidueSurface* pResidueSurfaceCr;

} VA2_Encode_ExecuteDataParameter Residues;

Members

Length :
Number of bytes in this structure. Provided for extensibility.
Streamld

The ID of the data stream as defined in the pipeline configuration. This can be used

to infer whether the data is input or output.

DPResidueSurfaceY

Residue surface containing luma values.
DResidueSurfaceCh

Residue surface containing chroma Cb values.
PResidueSurfaceCr

Residue surface containing chroma Cr values.

3.3.5 DataParameter_inputimage

typedef struct _VA2_Encode_ExecuteDataParameter_InputImage (
UINT32 Length;
UINT32 Streamld;
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other hand, formats like H.264 and VC-1 support motion vectors spanning
several frames. A P-Frame in MPEG-2 uses only one reference image while a
B-frame with interlaced video, and field type motion might use 4 images each
of which may refer to a frame or a field. .

3.3.7 DataParameter_Decodedimage

typedef struct _VAZ_Encode_ExecuteﬁataParameter_DecodedImage {
UINT32 Length;
UINT32 Streamld;
VA2 _Encode_Imagelnfo* pYChbCrImage;

} VA2_Encode_ExecuteDataParameter_ DecodedImage;

Members
Length
Number of bytes in this structure. Provided for extensibility.
Streamld
The ID of the data stream as defined in the pipeline configuration. This can be used
to infer whether the data is input or output.
DataType
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A rectangle within the image. This might be used to restrict the Motion Estimation
call to return motion vectors for just a rectangle within the entire image.

3.3.9 ConfigurationParameter_MotionEstimation

typedef struct _VA2_Encode ExecuteConfigurationParameter MotionEstimation {
UINT32 Length;
UINT32 Streamlid;
UINT32 ConfigurationType;
VA2 _Encode MEParameters* pMEParams;
} vA2_Encode_ExecuteConfigurationParameter MotionEstimation;

Members
Length
Number of bytes in this structure. Provided for extensibility.
Streamld
The ID of the data stream as defined in the pipeline configuration. This can be used
to infer whether the data is input or output.
ConfigurationType
pMEParams
Pointer to a structure definining various parameters governing motion search
including search window, etc.

Remarks

Fig. 8 shows several exemplary Motion Estimation parameters, according to one
embodiment. These parameters are for use in the structures below.
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Wmcbere_geaqhehWnd@W Maxi mum val ue of the y conponent
of the notion vector. In other words, the size (al ong
béserivtighnensi on) of the search wi ndow. Remarks 3.3.14

V%ﬁ& de_MbdeType typedef struct
Profil eI ndex; GUI D

O Pe ST Rt A pRERIRTT O

S@&PXZM}Q&-EYGP&IC &pﬁr lf\%%@’l GHi% %114 § qlg, eﬁg?éalue of (5,
' nt 0 the) lekst _tooefm§€f361% Qf&dtlhgtsis qs. SrSBFﬁS

Celgagpphiof il es APl call. Dist ancei\/bt ric Metric to

USe WiBtort VBREHsIaRg atlé‘l@atgﬁiﬁrq‘ﬁ m&l Mb%l% Vectar val
met ri csof 9 Msi%&ﬁo@%u&dﬁomqbﬁ&ﬁ@é £h3phe sagrca e
SSE (Sum of Squared Errors). HintX H nt abou -
BYReRHLEEE SibLALSIRGtidAlvebidt Vaies! Be Ghddder éslﬁﬁlaf@,tlﬁrﬁﬁl and chroma
Fefieds Gbling TteHolaBbLr Thdsgebidic %&%aﬂahomleﬂxe id R rhCIchRGAL, and the

RNEwHRGUs (pert 3ppikiiCedlfigu@ion cBitiolVR: RashSatidd fthome.
H nt about the expected direction of notion to guide

(el onssescan SS?E"“"S“EZET or, 9,1 he overall motion in o
réag,ebsam sl Gha b Gl Plrb G abt & Ot Y- JEF VB g oxeds?
)’3/ ém 2, Conf | u9r at |6098§§5r6aB ter Quantization typedef
2 nﬁv&é& Q& f {fon_MPEG2Bicubic, oxasabbich, 0x1bfl, 0x475c,

?xghrf’aﬁ onParatietoste: Qﬂfént%SZaF’rb@n"{ Ul NT32 Lengt h;

é)I3NiI',F>2 St r\?&gi E’nc Ic‘\rr%earo?\gro!ﬁ yrationType;

typedef struct _VA2_Encode SearchProfile {
UINTS QualityLevel;
UINTS8 TimeTaken;
GUID SearchTechnique;
GUID SubpixelInterpolation;
} VA2_Encode_SearchProfile;

Members
QualityLevel

A number in the range [0-100] that indicates the relative quality of Motion Vectors

among the different profiles supported by the device.
TimeTaken .

A number in the range [0-100] that indicates the relative time taken for different
‘search profiles. This enables the application to make a reasonable time-quality
trade-off.

SearchTechnique '

A GUID indicating the search algorithm used.

Subpixellnterpolation
A GUID indicating the subpixel interpolation scheme used.

' Remarks

There is no universally accepted definition of absolute quality, so we are settling for a
relative measure. The values indicated against TimeTaken should follow a strict



U NT32 StepSize,- } VA2 _Encode_Execut eConf

i gurati onParaneter_Quanti zation,- Mnbers Length
wolosanoeod bytes in this structure. Provided fBCT/US2007/004638

extensibility. Streamd The ID of the data stream as

defined in the pipeline conf] ;\i on. This can be
used to infer whether t égﬁé‘;"ﬁ? i nput, or _out put.
Confi gurat i onT;\ﬁﬁ’ée@ﬁ@Hé? g0 Bngode 'CE%grf‘Bo‘béPbsed when

erform g ualtiz ion. This ?si n allows only one
pleartian B pprfle @éesf@emé’ﬁ? Pf@gl D PP SheEmcral values
L % e

oAl ors and Resi dues were requested

#'@r%iosEngy@é?é?@%ﬁﬁﬁﬁﬁktg&m ary Vi deo Encode

Accel erat i Pl. The nethods in this interface all ow
czﬁ%%p%ﬂﬁéﬁ?ﬁ%ﬁ%ﬁ&%”%ﬁgfvtJt°P1g hardware for its
cafjahi &g and create an encoder object with a given
cominrgumadotren. 3. 4.1 Get Ppel i neConfi gurati ons HRES
UpSth QRS viede i l88iunt ) 1 GUI D** pGuids Paraneters pCount
Return val ue describes the size of pGuids array (next
Membemst er) returned by the function. pQGuids An array
of Caklibarsbsseri bi ng the various pipeline
conf i gu#laé bHoree iBdipaes thethlbylaébBlocie\ih @e. cullkft ifREP hivd the same
al | ocat dge. Mhistthey natibeeme fandmsdiolikediRe4.r el eased by the
caMB¥idusi ng CoTaskMentree. Return Val ues SJIOK
f unctWiith wfa masubloek.sWald dnlyCHbOPMEMDRB SEa¢ris bheOn Was
undiieeigie - al | ocate nmenory to return the list of GU Ds
E_FAHeigabh enacmbitekeValidenly bibGuppaMBRizgispaki ne
coMBunat i ons because of sone device error. 3.4.2
Get FAf h@onstanRABOIZE isearf.cherathe magroblygky (oUb¢¢nBHs) O rinage are
[out, usksquiesd usingeani agrafof Gotapeley. ThiRdranetendaseules the size in
elements of the following pMBRectangles parameter.
PMBRectangles

An array of rectangles describing how the the image is to be cut up.

3.3.13 VA2_Encode_SearchBounds

typedef struct _VA2_Encode_SearchBounds |
BOOL DetectSceneChange;
UINT32 MaxDistancelInMetric;
UINT32 TimelLimit;
UINT32 MaxSearchWindowX;
UINT32 MaxSearchWindowY;
} VA2_Encode_SearchBounds;

Members
DetectSceneChange

If this value is one, then scene change detection is being requested. In such a case,
if scene change is detected no motion vectors will be computed by the Execute
call, and hence no residues or decoded images will be computed either. This is.
indicated via the pStatus parameter of the Execute call which should be set to
E_SCENECHANGE in this case.

MaxDistancelnMetric

Refers to the difference between macroblocks when comparisons are made using
the currently choice distance metric. If this distance exceeds this
MaxDistanceInMetric value, then such a motion vector is rejected.

TimeLimit
Maximum time that the hardware is allowed to spend on the Motion Estimation

stage. If it takes longer than this time, the pStatus parameter of the Execute call
- is setto E_TIMEOUT.

SearchWindowX



); Paranmeters pCount Return val ue describes the size
of pQuids array (next paraneter) returned by the
wo eovctiome pGui ds An array of GUl Ds descri bi ngp€T@S2007/004638
vari ous formats supported by the device (eg: WW9,
MPEG 2, etc.). The rrermrzA]iEs al ILO?(F)I%:ted by the call ee,
and shoul d be rel eased hyPHENR usin
CoTaskMenfFr ee. x%“% a@eYﬁF% Fa‘fftdé Wéf??%ow%@éuu
Get Di tancel\/letrl

ff %2* unt [ out,
uni q ax1g}u?'évar I-E@S tlgn vector. In other words,
PallrS,ameL ss °l“he si ze of

Pﬁlct I o ﬁ\ﬁcﬁ! e a’gﬁ‘ﬁ‘eré t e 1%%%%65 fr]l other words, the size
AP ‘m‘éﬁ“’d‘% Sy

Accel er °%u Ds descri bing
ﬁ@,ﬁa,\@rl ous search metrics supported by the device for
notion estinmation. The nmenory is allocated by the
33l1ee, avARsEnlowrs Mlo8eType call er using
CoTaskMenfree. Return Values S DK Function was
Sheeessidl_vi] shSEORMENERY Function was unable to
al [GHEa ectretfory s return the list of GUDs E_FAIL
Unablre tmantdet erm ne the supported nmetrics because of
sodE Haviligierror. 3.4.4 GetSearchProf |es HRESULT
Get SearchProfiles ( tout] ULNT32* pCount , [out ,
Meinpees , size is (*pCount) J
VAZecEﬂEB;dﬁleﬁa&bcchPr ofile** pSearchProfiles ) ;
Par artatder intqi@e listof SedreH pro¥is uerctaned bpme GetBafchPR s API call.
pGhidgnaarMeayc (next paranmeter) returned by the
f unctMetnic tp BeawdeRoafpati®s two macroblocks. Commonly used metrics include
SAD (Sum of Absolute Differences) and SSE (Sum of Squared Errors).
HinmtX
Hint about the expected direction of motion to guide the motion search. This refer
to the overall motion in the image and may not be applicable on a per MB basis.
HintY
Hint about the expected direction of motion to guide the motion search. This refer
to the overall motion in the image and may not be applicable on a per MB basis.

3.3.15 ConfigurationParameter_Quantization

typedef struct _VA2_ Encode ExecuteConfigurationParameter_ Quantization {
UINT32 Length;
UINT32 Streamid;
UINT32 ConfigurationType:
UINT32 StepSize;
} VA2_Encode_ExecutecConfigurationParameter_Quantization;

Members '
Length
Number of bytes in this structure. Provided for extensibility.
Streamld
The ID of the data stream as defined in the pipeline configuration. This can be used
to infer whether the data is input or output.
ConfigurationType
StepSize
Step size to be used when performing quantization. This design allows only one
step size to be used for entire portion of the image for which Motion Vectors
and Residues were requested in this call.

3.4 Methods: IVideoEncoderService



An array of GUIDs representing the search profiles
supported by the device. The search-profiles allow the
w@oweaomppl i cation tine-quality trade-of fs nmorBCT/US2007/004638
effectively. The nenory is allocated by the call ee,
and is released by the cal | er _usi ng CoTaskMentr ee.
Ret urn Val ues s_ok Fun ccessful
EJ OUTOFNENDRY FERTTTIB (e BRGRF AToRRPHARI o menor y

n the, t GUl Ds EJFAIL Unab] e t o deter.m ne

b PlfinceBie oy o8 aagwa{ﬂ &V e
Cé‘P‘i nesand CEcate AREASE BRIFCHT IR Firertgnfi gufa ion.

t il VA2 Encode_MECaps* pMEeECaps
ﬁ%g i'ne %&P%‘%%I nter to the Mtion

%w”@idl eqmgag erIal ties of the device. This includes
eﬁt the size of i mge the device can
hagﬁ‘b‘Fe“"iﬁ‘ﬁe Bh"&xﬂsl‘ﬁﬂFﬁ“Sté’aF‘Eh“vﬁGﬁdbw si ze and whet her the
devi ce supports variabl e maerobl ock sizes. The nenory
Paambturs i s al |l ocated by the call er. APPENDI XA
Expoplary Video Encode Accel eration APl Return Val ues
S_Ok Retitatvaliie d65ibesIHhe 8E6 bipGEdFAlrdy (MURGlatiktdRidn@fled by the
due to smERoslevice error. 3.4.6 CreéateVi deoEncoder
Thp&uiasncti on creates an instance of |VideoEncoder.
HRES\A arcayestt GUIDedstiittethe atfioud jpigdinétbiPigurations supported by the
Pi pel i né&i¢ed Th niegnoRGlbdatddisynme Ealied, arldishdultbbiid&hsed by the
Nunscr eedlansihg ChTwARdnifoexde St at i cConfi gurati on*
Rgﬂgm‘ iguracion, [in, size_is {NunfStreans} |
reEM@lgee St reat nDe ecri ption* pStreatnDescription,
[i 5.0Ki ze is (NunStreans) ] VA2 Encode Al | ocator*
Suggdstebalvacatesdiloperties, [out, size is
( NGnCH€xtg I M[ORIA2 Encode Al | ocat or *
pAc Cliainptidrowas wnrablegp eHedatesmethonytt rativindbok ob GEHDs
ppEnE&dle ); Paraneters
Unable to determine the supported pipeline configurations because of some device
[S1940) W

3.4.2 GetFormats

HRESULT GetFormats (
[out] UINT32* pCount,
fout, unique, size_is(*pCount)] GUID** pGuids
)i )

Parameters

pCount
Retum value describes the size of pGuids array (next parameter) returned by the
function.
pGuids
An array of GUIDs describing the various formats supported by the device (eg:
WMV9, MPEG-2, etc.). The memory is allocated by the callee, and should be
released by the caller using CoTaskMemFree.

3.4.3 GetDistanceMetrics

HRESULT GetDistanceMetrics(
fout] UINT32* pCount,
[out, unique, size_is(*pCount)]) GUID** pGuids
)

Parameters

pCount

Retum value descnbes the size of pGuids array (next parameter) returned by the
function.



Pipeline@Gid A GU D representing the pipeline
configuration desired. The list of configurations is
wW@bdoaitemests vi a Get Capabilities, and each of theP@UUER0T/604638
associated with public docunentation that describes
necessary detai l s about the confl uration. Format Guid

A QU D repr esen e\é rle event ual encoded
bi t st ream I\/Iany 1148‘2)5%“0(5‘5&“8‘? PI3Hen APk e

Tra form and QJantl zat| on have format specific

eI@ stot let ese . format speC|f|c el epent s

| af){q’f BV S ét@ by thegevice
ggghang > nfbu £a 'ﬁ(gﬁoﬁh ToReR 8 %0;13 tp‘ﬁ‘"e"ﬁ‘l Feengfis r‘flased
extra prp @ers“tsglg 5?1 FRKESi t nore difficult to

RENHEVALES gh pi peline efficiency. Nunttreans Nunber of
| npu Kand out put data streans associated with the

pi peld n&; ﬁsqgge%&upn This is inplied by the

Pi Rebi % &PI& many cases. pConfiguration A pointer
t t
oty B S Ry RAPRIALEP! | 00

t he™ g /—\F %yeﬂ"gmg I?ﬁéjéﬂlgpctxrltt Leg tgeg{(}se of ome devme error.

Suggeste | ocat or Prop

20 i CatS s chPeFassEs a certal n nunber of buffers
‘(surfaces) to be associated with the different streans

Rasa0c0f.dhS.Rifel i ne design.

pAqgglgthﬁog?gm I(:ir odpeq |‘mezsE Thesdr iver. 1spem fi i es ft,lhe

achial “af"ocator "qUeld’ S 78 Based 61 &S AIFELE It s

abl e to gat her and ot her considerations. The

Rarameirson i s that the application will abort use of

t hp€oumit erface if it cannot build an efficient

pi pelRetgnwaluk desveibbyfhe eize 0§ pGeids ewat @extnasaneetsr) reymed by the

avai | abfuactigpEncode Qut put encoder object. The caller

shobtadcidtsnledler this to be a regul ar COM object to be

r el eaSeeay of FUHRToPIeseRet SusearAPPRRIBIsXuppdEsed iy |ty device. The

Vi deo Esratdierrailee Rlkova thieadexPippieation iimygaquadity tsadgkoffs more

Funct i opffestizelsetetmemomAs pligaisdydhe ¢adlies.auid (pretspsed|by the caller

for | acksing CoBagklyfeaddye.3. 5 Data Structures:

I%\/ i de ncoderSerw ce 3.5.1 VA2 _Encode_MECaps typedef
"%2 Encode_MECaps { BOOL Vari abl eMBSi ze

Xuﬁp ted, -

Function was successful
E_OUTOFMEMORY
Function was unable to allocate memory to return the list of GUIDs
E _FAIL
Unable to determine the supported search profiles because of some device error.

3.4.5 GetMECapabilities

HRESULT GetMECapabilities(
[out] VA2_Encode_MECaps* pMECaps
)i

Parameters
PMECaps
A pointer to the Motion Estimation capabxhtles of the device. This includes
information about the size of image the device can handle, the maximum
search window size and whether the device supports variable macroblock sizes.
The memory for this is allocated by the caller.



BOOL MotionVectorH pCSupported; U NT16
MaxSear chwi ndowX, - Ul NT16 MaxSear chW ndowY Ul NT32
woveoorfrergedN dt h; Ul NT32 Maxl mageHei ght; Ul NT32 PCT/US2007/004638
MaxMBSi zeX, - U NT32 MaxMBSi zeY; } VA2 _Encode_MECaps ;
Menbers Vari abl eMBSi zeSupported A val ue of one
i ndi cates that the har dwd¥@ENRWFort s vari abl e
macr obl ock si zeBxeRMAaY pafsobrroAe ArelsTatirredPY mati on. In
articular, if variable macrobl ock sizes are
WRYalMeE it is legal for the caller of this APl to
set_@Bnst ant MBSi ze to zero in the
VA2 Enogibe wBPBeerstt i on structure, and to use the
p angl es paraneter to describe the partitioning
of t Kan¢tipgdailedyeite poriedevdterarior-Suppor t ed A val ue of
one, i ndi te#at the hardware i s capabl e of using
%glﬁe (#leﬁﬁévf‘f REQAEE| [ ef in its notion search
algorithm In particular, the caller may set the Hi ntX
Tvgifupptinm\crestesisarinstaice YAViBeelindedavbde Type which is an
Execut e configuration paraneter. MaxSearch W ndowX
Xk 6 Oale: Madute of Sear chW ndowX, a nenber of
VMinF@gggem%gggﬁdBounds, which is a Motion Estinmation
COMah QAL Bebc T e D dcBTEL B 10n VBN SRA 6N NdOWY Maxi mum
| edigl st _I_;\a u re s Jir ea s* ngir reamDescriptiox},
VA o R o e AR e SRS BaceE LR b
conPHgtit&rromepareitetrer. Maxl mage Wdth Maxi mum
al owed wi dth of input inmage. Mxl mageHei ght Maxi mum
Rdramesdls hei ght of 1 nput i mage. MaxMBSi zeX Maxi mum
al pepemgloniigit h of macrobl ock. MaxMBSi zeY Maxi num
al | oweduBirghbseafingrne paellia€ konfigumtidn desired. The list of configurations
VA2_EnciditabiedtviaGeuThpahilitids, 010 chytpetie GRIIDE @ associated with
_VA2_Enpubtie dStwahént«ioni thatidasciribes fec€dshily details about the configuration.
Tr AesiwoGuidper at or, - GUI D Pi xel | nt er pol ati on;

A GUID representing the format of the eventual encoded bitstream. Many of the
encode operations like Transform and Quantization have format specific
elements to them. While these format specific elements could be handled by
the CPU with sufficient speed, the exchange of information will necessitate the
use of extra pipeline stages and make it more difficult to achieve high pipeline
efficiency.

NumStreams

Number of input and output data streams associated with the pipeline configuration.
This is implied by the pipeline GUID in many cases.

pConfiguration

A pointer to static configuration properties.

pStreamDescription

An array of structures, one per stream, that describes the data flowing through that
stream.

SuggestedAllocatorProperties

The caller (codec application) suggests a certain number of buffers (surfaces) to be
associated with the different streams based on its pipeline design.

pActualAllocatorProperties

The driver specifies the actual allocator queue size based on resources it is able to
gather, and other considerations. The assumption is that the application will
abort use of this interface if it cannot build an efficient pipeline with the
buffering (allocator queue size) available.

ppEncode

Output encoder object. The caller should consider this to be a regular COM object

to be released via ITUnknown::Release.



GUI D Quanti zation; U NT8 Num\Vbti onVect or sPer MB;
APPENDI X A Exenpl ary Vi deo Encode Accel erati on API
wOo/2e7 msocdle MVLayout M/Layout; VA2 Encode_Resi PUELS2001U004638

ResLayout ; } VA2 Encode_StaticConfiguration; Mnbers

TransfornOperator A GUID representing the Transform

operator - one of MPEG 2 NIRWOATr ansform et c.

Pi xel | nt er pol at EssmplagYidee Bpsads dxeeslamgtiomAPEub- pi xel

i nterpol ati on schene to be used. The bilinear and

BeteUbYRUPHt er pol ati on systems have a nunber of

coei@Kcients that are format specific. Quantization A

QU D tesaseseded-t he quanti zati on schene to be used.

NufMBtlifon Vect or sPer MB The nunber of Motion Vectors to

be cdipatien fajed (mehabbbPplerk ofifseowssshl e pi pel i ne
figuragfions su rted eaJ |l y, versions of this

qg%]ed)gg%gW%PéﬁgFB@%ﬁéxFﬁﬂc{?é%tWEeone. MVLayout

The, | ut. of th tion Vector surface. ResiduelLayout

{Eyku\?ngﬁn@%?ﬂ @R f ace. 3.5.3

VRIS e oA B e pederl struct

_ VAgoLENcudenvAdchaicatoror{fed BOOL Ext er nal Al | ocat or; Ul NT32

NudbGlS e cidiolA2_Encode Al | ocator; Menbers

Extv M Iepefer Fal se i ndicates that buffers are

obﬁ%gﬁﬁggiﬁgﬁffer whil e True indicates that

puftEls gt 6%t ai ned via an external allocator, or

that there i s no allocator associated with the stream

Memdpeesst i on. The pi peline configuration forces the

valyueiableMBYiSipRYEdi N many cases (often to zero). A

not abA &aRXGERhHE RAichs that the datdiatd subpagevasihble amctdbidckisizes

al I oned wien gef@mniih@fofiéh exinutioAl Inphitiecat, of variable macroblock sizes

NunBur f agesppbrtdapett iikgA tidrfthc edlet 6f iy A6 eétalodtaiMIBSize to

t he al | eemtif theQWARD EEncddd MBDescription structure, and to use the

VA2 _Enc piifBISictaglebpsamieet toodestiyypettie parsitioniag of the image.

_VAZotlon®ecteriBurSapsatddscri ption {

A value of one indicates that the hardware is capable of using some hints from the
caller in its motion search algorithm. In particular, the caller may set the HintX
and HintY members of VA2 _Encode_ModeType which is an Execute
configuration parameter.

MaxSearchWindowX

Maximum legal value of SearchWindowX, a member of
VA2 _Encode_SearchBounds, which is a Motion Estimation configuration
parameter.

MaxSearchWindowY

Maximum legal value of SearchWindowY, a member of
VA2_Encode_SearchBounds, which is a Motion Estimation configuration
parameter.

MaxImageWidth

Maximum allowed width of input image.
MaxImageHeight

Maximum allowed height of input image.
MaxMBSizeX

Maximum allowed width of macroblock.
MaxMBSizeY

Maximum allowed height of macroblock.

3.5.2 VAZ2_Encode_StaticConfiguration

typedef struct _VA2 Encode StaticConfiguration {

GUID TransformOperator;
GUID . PixelInterpolation;
GUID Quantization;

UINTS NumMotionVectorsPerMB;



U NT3 2 Length; U NT3 2 Streanflype; }

VA2 _Encode_StreanDescri ption; Mnbers. Length Length
w@boorhesent i re structure used to vali date typeRelEUS20aTI0D4638

allow for extensibility. Streamlype Describes the type

of data associated with this stream Used for

t ypecasti ng. APPENDI X A NIPLX %% deo Encode

Accel erati on APExempamcéidenEacady decelpration &Pk i s
ty cng,ote a.derived type on the StreanType field.
ThpA% Ao 10 éue%\ary@.xtdg‘gﬁ jed in the docunmentation for
’\/’A?—Bﬁ‘r%&é‘”SF‘i“é*aPﬁFyiﬁ’é 3.5.5 VA2 _Encode_Streaniype
Ifdefl ne VA2 Encode Streaniype Vi deo Ox1 tldefine

p&code _StreanType M- 0x2 (define
2% En od%iStreamType Resi dues 0x3 Type Descri ptions

Vi.d Th
descri piﬂ % ’%’ieF t‘f’ﬁﬁeﬁﬁ If(ggloocpggat ortasosng%lf%% itﬂéﬁ%MW
Vﬁ% 9;% ,rbarTDescrl rtion_Video.

{egé}ﬂim &_{P%z f“ln (9&1!1(9’} s%ﬂerﬁé [P Used. The bilinear

descr|p il Hed WOt of cogfficients that are format
VA2 Enc trlea sclrl |on i nccc)%F lgi‘::rrlcsearer‘] are forma

TY BRand % ues The associ at ed stream description

St I UGH B AD RYreBntin@ #le dulntization scheme to be used

VAZLERRDs b sapigscr i ption_Residues. 3.5.6

VA2_ i Qlenbot bLRIBHES VEithisitd Be MhfiSAe M@é@ﬁﬁgxfob&ucume sim
VA2 EnGRfm i @R ons s dupideRB by b A A OO i Zay

St r eanTyagire M2 vaAlhslealeaRs. Vi deoDeacr | ption;

VAZmageste_St reanDescr ption; Menbers Length Lengt h of

t he %ilﬁﬁqufﬂl@M&tﬁ)nmd)rEﬂfaba] i date typecasts and

al Ressidabayentt ensi bility. StreaniType Describes the type

of ddailagoaissfakd mkidde wirfddet hi s stream Used for

typecasting. VideoDescription Describes various

I5Pp N AReEnciodenANocatorst r eam i ncl udi ng t he

chherEnsr@n s yaf mae aLgte@yr Col or prinmaries, etc.

BOOL ExternaiAllocator
UINT32 NumSurfaces;
} VA2 _Encode_Allocator;

Members
ExternalAllocator
False indicates that buffers are obtained via GetBuffer while True indicates that
buffers are obtained via an external allocator, or that there is no allocator
associated with the stream in question. The pipeline configuration forces the
value of this field in many cases (often to zero). A notable exception is in the
Input Image stream that is allowed to come from an external allocator.
NumSurfaces
Number of surfaces to be associated with the allocator queue.

3.5.4 VA2_Encode_StreamDescription

typedef struct _VAZ2_Encode_ StreamDescription {
UINT32 Length;
UINT32 StreamType;

} VA2_Encode_StreamDescription;

Members.
Length
Length of the entire structure used to validate typecasts and allow for extensibility.

StreamType
Describes the type of data associated with this stream.Used for typecasting.



3.5.7 VA2_Encode_StreanDescripti on_MW typedef struct

VA2 _Encode_Strea piDescription { U NT32 Lengt h;
WQRNTA®6HE r eanType; VA2_Encode_MWType M/Type ;PCT/US2007/004638

VA2 _Encode_MWLayout M.Layout ; } VA2_Encode_Streaeresc

p ption; Menbers Length Length of the entire structure

used to validate typecast%P B Pow f or

extensibility. SxFEaRMYdepEaeederivselerionydd of data

ssociated with this stream Used for typecasting.
%ﬁﬂ‘g Describes the type of Mdtion Vector structure
g %&n

ase GRS AR BREEISHIQ yed ge g the Stispmdjype fipldgTheHmpecasts are
SesrrieAtis thsrdoppraeniptionfer Vée Brcoda StgamType.

i PEN Exenpl ary Vi deo Encode Accel erati on
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typedef struct _VA2_Encode_StreamDescription {
UINT32 Length;
UINT32 StreamType;

of th §§q° aée 0B gy E?ap'd’ﬁtcé“tt?/pecasts and
aI IVo T’ﬁ“? S°1§ft}°é‘a pe Descri bes t he type
B EdE St

VAZ2_VideoDesc VideoDescription;
VA2_ Encode StreamDescription;
P

Members

Length
Length of the entire structure used to validate typecasts and allow for extensibility.
StreamType
Describes the type of data associated with this stream.Used for typecasting.
VideoDescription
Describes various properties of the video stream including the dimensions, frame
rate, color primaries, etc.

3.5.7 VA2_Encode_StreamDescription_MV

typedef struct _VA2_Encode_ StreamDescription {
UINT32 Length;
UINT32 StreamType;
VA2_Encode MVType MVType;
VA2_Encode_MVLayout MVLayout;

} vA2_Encode_StreamDescription;

Members

Length

Length of the entire structure used to validate typecasts and allow for extensibility.
StreamType

Describes the type of data associated with this stream.Used for typecasting.
MVType

Describes the type of Motion Vector structure used to return motion data. Used in

interpreting the contents of the Motion Vector surface.

MVLayout
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Dsgji‘mmmﬁamsz 106, D3DFMTI_RESI DUE16 107, }
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Width of the luma surface
LumaHeight-

Height of the luma surface
ChromaCbWidth

Width of the surface containing the Cb residue values.
ChromaCbHeight

Height of the surface containing the Cb residue values.
ChromaCrWidth

Width of the surface containing the Cr residue values.
ChromaCrHeight

Height of the surface containing the Cr residue values.

3.6 Data Structures: Motion Vectors

3.6.1 Motion Vector Layout

Fig. 9 shows exemplary motion vector data stored in a D3D surface, according to one
embodiment. Each of the cells described as "MV" is a Motion Vector structure. Different
representations are used depending on the values of VA2 _Encode MVType and

VA2 _Encode_MVLayout. The actual structures and layouts are described below

3.6.2 New D3D Formats
typedef enum _D}DFORMAT

D3DFMT_MOTIONVECTOR16 = 105,
D3DFMT_MOTIONVECTOR32 = 106,
D3DFMT_RESIDUELl6 = 107,

"} D3DFORMAT;
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dihr@erdicsicaneeosYelzbdueceis®d t 0 measure the di stance
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Ve¢tor structureS is used to interpret the contents of
it PrEPREFfoRcEELA Sy pedef enura {APPENDI X A Exenpl ary Vi deo
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VA2 Encode_MVType_ Ext ended8
USRI & PRy 15A7 dariver dom BizcoRSuteesdandwamesetate information

that allows one to interprefthe contents of the embedded D3D surface.

typedef struct _VA2_Encode_MvVSurface {

IDirect3DSurfaced* pMVSurface;
VAZ_Encode MVType MVType;
VA2_Encode MVLayout MVLayout ;

GUID DistanceMetric;

} vA2_Encode_MVsSurface;

Members

pMVSurface
Pointer to a D3D Surface containing Motion Vectors.
MVType

This value is used to indentify the structure (VA2 Encode_MotionVector8, etc.)
with which to interpret the individual motion vectors.
MVLayout
This value identifies how the individual Motion Vector structures are laid out in
the D3D Surface.
DistanceMetric
A GUID representing the distance metric used to measure the distance between
two macroblocks. The distance metric is used to identify the closest
macroblock, and hence the optimal motion vector.

3.6.4 VA2_Encode_MVType
This enumeration value is used to decode the contents of the Motion Vector D3D9 Surface.

Depending on the type of Motion Vector, one of several different Motion Vector
structures is used to interpret the contents of the surface.

typedef enum {
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typedef enum {
VAZ2_Encode_MVLayout_A,
VA2 Encode _MVLayout_B,
VA2 Encode _MVLayout_C
} VA2_Encode_mMvLayout;

Description
Type A
The actual D3D surface is an array of Motion Vector structures indexed by
Macroblock Index and Row Index.
Type B
This is a packed layout where the number of Motion Vectors per Macroblock is not
constant. Details TBD.
Type C

3.6.6 VA2_Encode_MotionVector8

typedef struct _VA2_Encode Motionvectors {
INTS xX;
INTS Y

} vA2_Encode_MotionVectors;

Members

x
x-coordinate of the Motion Vector.

y
y-coordinate of the Motion Vector.

3.6.7 VA2_Encode_MotionVector16

typedef struct _VA2_Encode_MotionVectorlé {

INT16 x;

INT16 vi
} VA2_BEncode_MotionVectorls;
Members

x
x-coordinate of the Motion Vector.
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typedef struct _VA2 Encode_MbdtionVectorEx b { INT8 x, -
INT8 y ; U NT8 I magel ndex;_ ui NTS Di stance, - }
VA2 _Encode Mbt i gnVect or EXAPPENBRBAr s X x- coor di nate of
the Motion Vect §xemplary ¥Xidee Enepse dcgtlerafign 48T i on
Vector. | nmagel ndex a zero based index into the list of
reference i m g\l&at s provided in the call to
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dypdaes srede t Onapcdsh @cdedvimbeey0t | ON vector (X, y) 3.6.9
VAZ nche_l\/bti onVect or Ex16 typedef struct
_VAZrEnaedenbhat i onVect orExI 6 { INT16 x ; INT16 y ;
| KT, COBEE ndex,., U NT16 Di stance; } |
A2_Encode_Mbdt i onVect or Exl 6; Menbers x x-coordi nate of
Mbmbktst i on Vector. y y-coordinate of the Mtion
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Copput eMoti onVectors Di stance the unit of measurenent
I S specodrdieste loy tHelMofbisVanaeMetric fiel d of
Imagelndex ’
a zero based index into the list of reference images that was provided in the call to
ComputeMotionVectors
Distance
the unit of measurement is specified by the DistanceMetric field of
VA_Encode_MVSurface. It measures the distance of the current macroblock
with the reference macroblock referred to by the actual motion vector (x, y)

3.6.9 VA2_Encode_MotionVectorEx16

typedef struct _VA2_Encode MotionVectorExlé {
INT16 xX;
INT16  y;
UINT16 Imagelndex;
UINT16 Distance;
} vA2_Encode_MotionVectorExL6;

Members
X
x-coordinate of the Motion Vector.
y
y-coordinate of the Motion Vector.
Imagelndex
a zero based index into the list of reference images that was provided in the call to
ComputeMotionVectors
Distance
the unit of measurement is specified by the DistanceMetric field of
VA_Encode_MVSurface. It measures the distance of the current macroblock
with the reference macroblock referred to by the actual motion vector (X, y)

3.7 Data Structures: Residues

The residue surface is an array of signed integer values that are two bytes long - in other
words they are of type INT16. This scheme appears to be adequate in all cases of practical
importance. For example, MPEG-2 deals with 9 bit residue values and H.264 deals with
12 bit residues. Also, if the original data was YUY?2, the luma values occupy one byte
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Decoder and Vi deo Processor

Extension Devices are a pass-through mechanism provided by the VA Interfaces in order
to add new functionality besides the existing Video Decoder and Video Processor
functions. For example, they will be used to support a new Video Encoder function.

Extension Devices act like an untyped funnel through which the application can
send/receive data to/from the driver. The meaning of the data is unknown to the VA stack,
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eiekmw+Prypastor ieetcerse as pl nfo in the D3DDDI ARG_GETCAPS
5t bASTeaEaped, 1 . 2 VADDLQUERYEXTENSI ONCAPSI NPUT t ypedef
St Feret DWMQBLGE@@ERYEXTENSI ONCAPS | NPUT { CONST GUI D*
pr d,- Ul NT CapType - VADDI _PRI VATEDATA* pPrivate; }
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ME‘?@( ff e as pInfo in the
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4(1d2fVA9D4A@RIEﬁYEM1?EﬁSI ARSINEGPMet T CS
VADDI _EXTENSI ON CAPTYPE M N + 1 ((define

&\f&aal MOdenﬂa&E%p@JS&@xﬁmE&o; i I(ez .

AD ENSI ON_CAPTYPE M N + efine

VABB Encode_Capt ydsbECapa

VA mnmmm% MN + 3 The output of
GETEXTENSI ONCAPS i's encapsul ated in thepData paraneter
Tie (BEDRhARGEET ZABDI JUERPERYANSRINCIEERNPUT is set to

VAl Bhdydet @sttensiohol | ows:

#define VADDI_Encode_Captype_Guids VADDI_EXTENSION _CAPTYPE_ MIN

fidefine VADDI_Encode_Captype DistanceMetrics VADDI_EXTENSION_CAPTYPE MIN + 1
#define VADDI_Encode_Captype_SearchProfiles VADDI_EXTENSION CAPTYPE MIN + 2
#define VADDI_Encode_Captype_ MECaps VADDI_EXTENS ION__CAPTYPE:MIN + 3

The output of GETEXTENSIONCARPS is encapsulated in the pData parameter of
D3DDDIARG_GETCAPS. The pData parameter is interpreted as follows:
* Captype_Guids: Type = (GUID *) . DataSize = sizeof{ GUID) * guid_count
e Captype_DistanceMetrics: Type = (GUID *). DataSize = sizeof( GUID) *
guid_count.
e Captype_SearchProfiles: Type = (VADDI_Encode_SearchProfile *). DataSize =
sizeof(VADDI_Encode_SearchProfile).
e Captype MECaps: Type = (VADDI_Encode_MECaps). DataSize =
sizeof(VADDI_Encode_MECaps).



Captype_Quids: Type = (GQUD *) . DataSize =

sizeof (GU D) * guid _count Captype D stanceMetrics:
wayEa/1606cUl D *). DataSi ze = sizeof (GUI D) * gupPdI/Ts2007/004638

Captype_SearchProfiles: Type =

(VADDI _Encode_SearchProfi| e * taSi ze =

si zeof (VADDI _Encode Sear Capt ype MECaps:

Type = (VADDI _Epanpéd §n°°% §1?étl£1 AP

AR B AR GISNB e Y Vo

DBDDDI ARG_CREATEEXTENSI ONDEVI CE The actual creation
Tf@mp@ﬁkcmﬂ@nélamammmmx@N@@WCEwhldwélose
nekpary pxgumenUisehawn kelesiown bel ow. t ypedef struct
D3DDDI ARG CRBATEEXTENSI ONDEVI CE { CONST GUI D* pCuid, -
TREETS = PIRF VATBDRTAF PP VAt 87 "HANDLE hExt ensi on; }
DSQA@? BARG CREATEEXTEg@iq ONDEVI CE ; APPENDI X A
Exéupizary Vi deo EncOUgdaesheration APl 4.2 Encode
}FIE}H?PHWWF%EWW@DEJE‘%BuaI extension unit functions are
i nvoked via a D3DDDI _EXTENSI ONEXECUTE cal | . The

i nstance of the Extension Unit is already associ ated
with a GUD, so the type of the extension unit is

al ready known when the execute call is nade. The only
addi tional paraneter is Function which indicates the
particul ar operation to perform For exanple an

Ext ensi on Devi ce of type Encoder, may support

Moti onEstimati on as one of its functions. Typically,
the Extension Device will have a Get Caps function of
its own that enunerates the capabilities of the

Ext ensi on Devi ce. typedef struct

_D3DDDI ARG_EXTENSI ONEXECUTE { HANDLE hExt ensi on, - Ul NT
Functi on; VADDI PRI VATBDATA* pPrivatel nput; VADDI ~PRI
VATEDATA* pPrivateQutput ; U NT NunBuf fera , -

VADDI PRI VATEBUFFER* pBuffers; }

D3DDDI ARG_EXTENSI ONEXECUTE; The pBuffers parameter is
not used by VA Encode, and shoul d be considered a
reserved paraneter. The Function paraneter takes the
foll owi ng val ues for VA Encode: #define

VADDI _Encode_Function_Execute 1 T pPrivatel nput and
pPri vat eQut put paraneters of

D3DDDI ARG_EXTENSI ONEXECUTE are used to encapsul ate the
paraneters of the



Execute APl call. The encode specific paraneters

enbedded in the input and out put paraneters bel ow have
wmmommﬁltbeen mapped from APl | and to DDl | andP€ET/b81007/004638

that's just a matter of renam ng, and we m ght be able

to manage with a single definition. 4.2.1

VADDI _Encode Functi on_ Ex&EFENDIfpdt This Sar anet er

contai ns the |n%iﬂnp&§yé’ﬁ%ﬁ°eﬁf§°9%p*€??é“ ¥e APl call.
t ypedef struct _VADDI Encode_Functi on_Execute_ I nput {

%thNEhéegép@ &f@%g:z&ter** pDat a; Ul NT32

Nuntonf igurationParaneters ;
TWa2cEabaxtimsion @oil factofd e invokeshia p AFARPE EXTEYS{ONEXECUTE
calUFtetingance of \BxDBX tewien Hié ismlisedy spociated with 2 IR, so the type of
the extensinaDbit iEpceadye ki whem therseautecabis pade. The enly additional
retameteris Bwemion pishdndisateibe partiguler epgratiop teperfeya. For example an
Easisndavidel of tippFadeder anpysppvAdtiopRgpRtiop 3R ene phits functions.
Bpicelly ¢hobixisn %101{ exisrw il haysRdrAPnsfHRtion §f its own that enumerates
thercapehidiaroiithe Exieatieit BP4fanet er ** pData; }

VADDI Encode Funct i on yte_Qutput ; 4.3 Extension

TRV TS FUCT T es™ Th OBfED% "owi ng sgct i ons descri be

Val""iNBIt’PS structures anpfxfaricti on cal | backs associ at ed

VVI Enhmi e vibontaxt ensi Qnrwe@ham sm APPENDI X A -Exenpl ary

Vi R -BHEGER™Accel erSETRIISARr 4. 3. 1
VABDDbI BRgMﬁe'ﬁEBﬁ%FUErgR sypgedef st ruct VADDI PRI VATEBUFFER
Y DPRRBEE*TIRESEUTTE: Ul NT SubResourceI ndex; Ul NT Dat aCf

elgB ?@S %s Q?P %I%Eﬁg i& Eéwgcg[ﬁrﬂﬁ%%freserved
%a%‘“é. 2% Poip '|°“’A EDsAflﬁg Jigf gAbeb oy Encode:
JBRDLARGEXT ENSHEONEXEGLTEE t ypedef st ruct

D3DDDI ARG _BXTENSI ONEXECUTE { HANDLE hExt ensi on;
The pPrivatelnput and pPrivateOutput parameters of
D3DDDIARG _EXTENSIONEXECUTE are used to encapsulate the parameters of the
Execute API call. The encode specific parameters embedded in the input and output
parameters below have not yet been mapped from API land to DDI land - but that's just a
matter of renaming, and we might be able to manage with a single definition.

4.2.1 VADDI_Encode_Function_Execute_Input

This parameter contains the input parameters to the Execute API call.

typedef struct _VADDI_Encode_Function_Execute Input
UINT32 NumDataParameters;
VA2_Encode_ExecuteDataParameter** pData;
UINT32 NumConfigurationParameters;

VA2_Bncode_ ExecuteConfigurationParameter** pConfiguration;
} vADDI_Encode_Function_Execute_Input ;

4.2.2 VADDI_Encode_Function_Execute_Output
This structure encapsulates the output data from the Execute call.

typedef struct _VADDI_Encode_Function_Execute_Output
UINT32 NumDataParameters;

VA2 Encode_ExecuteDataParameter** pData;
} VADDI_Encode_Function_Execute_Output;

4.3 Extension Device Structures

The following sections describe various structures and function callbacks associated with
the VA Extension mechanism.



U NT Function; VADDI _PRI VATEDATA* pPrivatel nput ;
VADDI PRI VATEDATA* pPrivateQuUt put; U NT NunBuf fers ;
wy/20DhodR VATEBUFFER* pBuffers; } PCT/US2007/004638
D3DDDI ARG_EXTENSI ONEXECUT X; typedef HRESULT (APl ENTRY
" PFND3DDDI _ CREATEEXTENSI ONDEVI CE) C HANDLE hDevice, D
3DDDI ARG CREATEEXTENS| ONBBVESBIX)A - The hDevi ce
par anet er ref erBemplagy [Yidey Brogfedccelgigfiant AP creat ed
using a call to D3DDDI CJRIJEATEDEVICE. 4.3.3
%&MWE&&W CE typedef HRESULT
( APl ENTRY * PFND3DDDI _ DESTROYEXTENSI ONDEVI CE) ( HANDLE
?h’[%&ise’é’,ct HANDLE WERYE*si on ); 4.3.4
FNoSPDI EXTENS|I ONE$CRITE t ypedef HRESULT ( APl ENTRY
* PERD3DDDI _ EXTENSTONEXECUTE) ( HANDLE hDevi ce, CONST
D3@wDl ARG EXTENSI ehesxXECUTE* > ; 4.3.5
) BPBBRBERTERFUNCS t ypedef struct _D3DDDI DEVI CEFUNCS
tfpefRE NDSEDDIoiCREAFERNMT ENS|I ONDEVI CE
{pf Weseat eExt epsionDevi ce;
)R,FgJDBPQQQ;EBD}I\ESTaR@?EXTENSI ONDEVI CE
pf“n’f)es roypr—fxt ensi onDevi ce’ ; PFND3DDDI _ EXTENS
4. 9E8SDDDIARG EEXTEN SIONEXECUTE
D3DDDI _DEVI CEFUNCS, - APPENDI X A Exenpl ary Vi deo Encode
He6el Lrat i 8BooARE efedb: 3388yt ruct ures and Functions The
{f oIHAINgLVEvi ng D3D structures and cal | back represent a
getati ¢ D3D mechani smhhes@btai n the capabilities of an

exVeRSEUVITEeH ce.  t yHIEQERSEilum D3DDDI CAPS_TYPE

UINT NumBuffers;
VADDI_PRIVATEBUFFER* pBuffers;
} D3DDDIARG_EXTENSIONEXECUTE;

typedef HRESULT
(APIENTRY *PFND3DDDI_CREATEEXTENSIONDEVICE)
(
HANDLE hDevice,
D3IDDDIARG_CREATEEXTENSIONDEVICE*
)i

The hDevice parameter refers to a D3D9 device, and it is created using a call to
D3DDDI_CREATEDEVICE.

4.3.3 FND3DDDI_DESTROYEXTENSIONDEVICE

typedef HRESULT
{APIENTRY *PFND3DDDI_DESTROYEXTENSIONDEVICE)
(
HANDLE hDevice,
HANDLE hExtension
):

4.3.4 FND3DDDI_EXTENSIONEXECUTE

typedef HRESULT
(APIENTRY *PFNDBDDDI_EXTENSIONEXECUTE)
¢ :
HANDLE hDevice,
CONST D3DDDIARG_EXTENSIONEXECUTE*
Y

4.3.5 D3DDDI_DEVICEFUNCS

typedef struct _D3DDDI_DEVICEFUNCS

PFND3DDDI_CREATEEXTENSIONDEVICE pEnCreateBxtensionDevice;
PFND3DDDI_DESTROYEXTENSIONDEVICE pfnDestroyExtensionDevice;
PFND3DDDI_EXTENSIONEXECUTE pfnExtensionExecute;

} D3DDDI_DEVICEFUNCS;



{ 03DDDI CAPS GETEXTENSI ONGUI DCOUNT 3X , D3DDDI CAP S
GETEXTENS | ONGUI DS =32, D3DDDI CAPS_ GETEXTENSI ONCAPS
W@ 32007/1%06D83DDDI CAPS_TYPE; typedef struct PCT/US2007/004638
_D3DDDI ARG_GETCAPS D3DDDI CAPS- TYPE Type; VA D*
,,,,,,,, pl nfo; VO D* pData; U NT DataSi ze; } D3DDDI ARG _
GETCAPS ; 5 Exenplary PrégPEMRIXg*Model 5.1 Pipeline
Effici ency | n deamwlary Vides BnpedsAssetfisier 4Pki ency, the
encoder application is structured in such a way that
44t OINO gﬁuwm@landfun@tmhi cs hardware is fully
utilized. Thus, while Mtion Estimation is in progress
Thefolfoveigg DBDNstfi6@REs, anil talliaghtepbae@nehértd B Dtngechattisth heobtain
thaleaphbikiaés ofran Skepsiomdevich. f f erent frame. Qbtaining ful
hardware utilization is facilitated wwth a
\E-mslﬂqfienemxﬂé@élwse%%der. 5.1.1 Exanple: Single Mtion
Vesiosioe Pep@trkteonktibdoyr The f ol bawi ng 2-t hr eaded
appIopR e - OR N PSERdo- code) i fJustrates one way for
it heooeaeDees; t o |n'p'T ement a 2-stage software pipeline,
. :0f L&l Sp .50k Al i nes on how to use the VA Encode
interfaces effectively. In particular it enforces a
bubBFFRG"6F k ZyEAl.l ocat or Size as seen in the software
thread. This acewemts for the fact that there is
PSYRehE yish t Re-suBm ssion of a hardware request:
the hardware thread submts requests while the
5ofExemplannpProgramming Medels after a while and
processes them HardwareThread () { while (Stream ng)
5.1 Ripgelane EffidiepdyBuf fer [n] ); Codec->Processl nput
(ppl nputBuf fer [n] ); // blocking GetBuffer + Execute

% O%Jr%Whgig LRt ebfidiertyAhl ORUOY ﬁ?ﬁ@aﬁ@n is Which@ed in such a

2 hEANBI Gk dPU akwlIER B8 §RbRict RA AR full)QINSE Thus, while

oR6 EREnHRAIER FrofE& ford EQRESHEME, Rithi ghPR b HEBUb riethe
Rarffibation Stép o Rbiftrerdie haAREBUf fer VLE ();

Obtaining full hardware utilization is facilitated with a multi-threaded encoder.

5.1.1 Example: Single Motion Vector (Pipeline Full)

The following 2-threaded application (in pseudo-code) illustrates one way for the encoder
to implement a 2-stage software pipeline, and offers some guidelines on how to usc the
VA Encode interfaces effectively. In particular it enforces a buffering of k = AllocatorSize
as seen in the software thread. This accounts for the fact that there is asynchrony in the
submission of a hardware request: the hardware thread submits requests while the software
thread picks up the results after a while and processes them.

HardwareThread{}
while (Streaming)

LoadFrame (ppInputBuf fer [nl);
Codec->Processinput (ppInputBuffer(nl); // blocking GetBuffer + Execute

)
}

SoftwareThread{}
k = AllocatorSize();
while (Streaming)
// k represents the buffer between pipeline stages
Codec->ProcessOutput (ppOutputBuffer{n-k]); // Wait, ReleaseBuffer

VLE () ;
Bitstream();

}
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Accel eration APl Processl nput above may be consi dered

wa@2erappes around Execute and CGet Buf fer, whil ePCT/US2007/004638

ProcessQut put may be consi dered a w apper around a

Wait on the execute event, followed up wth

appropri ate Rel easeBuf f eARPEINIIX At is not clear how

to deternine t héxqumlamefideo Enonklé AhcelaptiesARt s t he

buf fer between the pipeline stages. It denotes the

Papqesdppu pbayiepay bappngidergd stvaprppenaropid BrecuteandidtBufiisewhile

RrpgessQnvant may he conederpda wieppar areenst HWaiiegdhe execnts event, followed

Wt feanpramratecisiwseBffrerls. VA Encoder object (the queue

. length). If k is larger than the allocator size, then

It i§ Oﬁl%@fgm A geferpine %1% RarqIqERr| ki whigh FpERSRNta thpiefenbesveen the
igg étaﬂ‘ﬁe“ geluﬂﬁ?sr%? allgrator ﬁ’sz%dmd?ﬁé StgEiEE pefnti Wecould use the same

VRS U en A oG RIaT aeasaa%l heRysem theCodegend theny AjFnooder object (the

qE \Wé?@r ‘igaf&f % 1?&‘:*Fafﬁ eﬁhﬂﬁhﬁ@&%@ﬁmﬁaﬂ s fikely to

% @PW%I‘?“ e Rt 8¥Gul d be worki ng on the

LE Bi tlst rear unctl Qns rmst of the tine, a w1 ou
%?lf‘f ocetsseg E‘%ﬁt QEPI?FUQ 5}1 w th t
73 % 3 V&a Iﬁf;)ck deaﬁ te té oc?]lgf e }fﬁé"? §r$a§%v€§ YS be

el 1c ent nl othe Xt tth ar bout as
?1 gﬁné&ifklg%l éi&%@uliu Sal %-v es 1o Lll'%lll_ flrt art V% v % the
bac 1|Ié%/es isto pad ] |]Enteesrs The foI I OWI ng code
T 3B hg SRR et enk Sl i ek b
e sdpal fpégg_seBu fg?nr klvﬁéglé%gﬂc‘)}g Iﬁ%é%%&gffer 3}62&
ppBuffer, Blocking) { f (Empty) if (Blocking) Wit
reﬂala:tﬁﬁﬁptry&\teme)c(meelps&ffaet BB ATUS _EMPTY ; '}

ppEB%f_ngtg,r pQueue [ Type] [Head] ; Head++ ; f (Head ==
Tail) { " 1,- ReseCEvent (NotEnptyEvent) ; }

ret uri, §&:95} &W@%}‘B'ﬁﬁ‘(’f&ﬂer : Rel easeBuf fer (Type,
pBUffer) if ((Tail Head) IEn'pt y) return STATUS FULL

pRalere [P-Eyepedryﬂ:e]-r[aéaldi pBuf fer , Tail ++;

Head++;
if (Head == Tail}

h

Empty = 1;
ResetEvent (NotEmptyEvent) ;

return S_OK;

}

IVideoEncoder: :ReleaseBuf fer (Type, pBuffer)
if ((Tail == Head) && !Empty) return STATUS_FULL;

pQueue [Typel [Taill = pBuffer;
Tail++;

if (Empty)
{

Empty = falae;
SetEvent (NOtEmptyEvent) ;

return S_OK;

The following sketches out the codec's 1mp1ementatlon of ProcessInput and
ProcessOutput:

// this implementation is blocking contrary to normal semantics
Codec: : ProcessInput {(IMediaBuffer plInput)

GetBuffer (TypeUncompressed, pYUVBuffer, true);



if (Enpty) { Enpty false,- SetEvent (NotEnptyEvent) |, -

} return S_OK; } The follow ng sketches out the
weoweadw1é npl ement ation of Processlnput and  PCT/US2007/004638

ProcessQutput: // this inplenmentation is blocking

contrary to normal semantics Codec: :Proceasl nput

(| Medi aBuf fer nput % EBPERPPEA (TypeUncorrpr essed,

pYUVBUf f er , tru%?‘emph Wﬁnﬁ@@)@?ﬂp‘wl\y}n\ﬁﬂko Encode

Accel er.at Pl tBuf fer (TypeMdtionVector

VBB e et R B e Res ducs.

pR AR Marndab YE)..p, MENTPY (pYUVBUf fer . pl nput
A %%%H <pvuv§§§§f£cup:e\%a%q gﬁ\éﬁ&fwéﬁxﬁm PdVBLS f er pReS| dueBuf

f erCodeR)Eé(l@r}:tlQueue (M@&@%@B\xff&p gsqg.xeéugfer é’lent
pMvBuf f er, pResi dueBuf fer, nt),- Codec
@E’Jcoxza%&wtmtm(dhal\{mgla Epui)ef IOQJt put) { i f
g %eue . ty pQut put . dwFl age = DMO
/&“fAeBFJEEE INC(]VPIJETE return S FALSE ; }
Codec@g?g‘gd aeu‘@f’(oﬁf‘?wm@”f?ew INepNRYBLE: f er
pReai dueBuf , PEvent); WAit(pEvent) ; nencpy

( pERrepRiTee: DWBtTf‘p"f"@l‘ffe‘p WBHffFérF)“EBldW@r’Eﬁtepy PEvpTUL put
‘RegridueBud : f er, pResi dueBuff er) , Rel easeBuf fer

( TyRRLNGAI. 6asad,, AYAMBUE fer) ; Rel easeBuffer
( TypeMstorwr/ectaesus phl/Bufikeryzer) ;Rel easeBuf fer

(T)éaeRe&ifﬂuﬁﬁgemﬁEﬂ%SJagéAe%Buffﬁi)) .- return S_OK; } Here
i s pamRcattEr jj Q‘T‘Eﬁ TeRtattEon of Codec: :Processl nput
that 1S non- pemlu %€ norm Codec : :

)Pr 0Ees-Hput (I l\/bdl aBuf fer plnput) i f (GetBuf fer
TypeUnconpressed, pYUVBuUffer, false) == STATUS EMPTY)

ere is an alternate 1mplementatlon of Codec::ProcessInput that is non-blocking as is the
norm.

Codec: : ProgessInput (IMediaBuffer pinput)

if (GetBuffer(TypeUncompressed, pYUVBuffer, Ffalsge) == STATUS_EMPTY)
return DMO_E NOTACCEPTING;

if (GetBuffer(TypeMotionvVector, pMVBuffer, falge) == STATUS_EMPTY)
return DMO_E_NOTACCEPTING;

if (GetBuffer(TypeResidues, pResidueBuffer, false) == STATUS_EMPTY)
retu.rn DMO_E_NOTACCEPTING;

memepy (pYUVBuffer, plInput.Image);

Bxecute (pYUvBuffer, pMVBuffer, pResidueBuffer, pEvent);

CodecQueue.Enqueue (pYUVBuffer, pMVBuffer, pResidueBuffer, pEvent);

}

5.1.2 Example: Multiple Motion Vectors

In this section we look a more complex pipeline where the encoder requests multiple
motion vectors from hardware and chooses one based on various parameters and resubmits
them for processing. The following code naively continues to use a 2-stage pipeline as

before, requests multlple motion vectors and resubmits the best one. There is inherent
serialization involved in this.

HardwareThread()
while (Streaming)
LoadFrame (ppinputBufferin]);

ProcessiInput (ppInputBuffer[n));
ProcessOutput (ppOutputBuffer([n}) ;



return DMO E NOTACCEPTING - } if (GetBuf fer
(TypeMoti onVector, pMVBuffer, false) == STATUS EMPTY)
wd 200etioeme DMO E NOTACCEPTI NG, - }i f PCT/US2007/004638
(CGet Buf f er (TypeResi dues, pResi dueBuf fer, false) ==
STATUS _EMPTY> return DMD_E NOTACCEPTI NG - } nentpy
(pYUVBUf fer, plnput .| mAGFEENDIE¥ecute (pYUVBUf fer,
pMVBUf f er, pRedExttrwbuy Vidao EnspieepieceleratomddRIQueue.
Enqueue (pYUVBuUf fer, pMvBuffer, pResidueBuf fer,
PEVERt deemy ppvudoudsu X A00| SoucMdbikicpd &) Mt i on Vectors In
t hi s Pseerirorr2ieeyrpok i -fore conpl ex pipeline where the
encoder requests multiple nmotion vectors from hardware
Yand chooses one based on various paraneters and
sbe@udrrdet’) t hem f or processing. The foll ow ng code
tnaj,vel ¥eRQRLd,nues to use a 2-stage pipeline as before,

whl

requests nultiple notion vectors and resubnits the

best mg;ggggﬁgﬁﬁgj:gzumﬁé‘f%'hf *Yéri al i zation invol ved in

t hi s.siddaregvigroechimreidek2(n ) D whil e (Stream ng) {

,LobdFr ane (pplnputBuf f er [n] ) , Processl nput

(ppl nputBuf f e r [n] ).; ProcessQutput (ppCutputBuf

1h éfe apote gxambRPEMDIate Avilbbe bjpkkadyor\Rrdesss@mpuoickad ProcessOutput? half
ofdeaingy, atedn bdPfor igleting dfficieppOPnphe Bher Haad M utilization will be
eivy atdie dverall thopghput Brstitl ddghienthem Aox-perElecased Sebde.

A Brsgé pipeline tased on 3 ¥hrBofstwill selvh the adrializatiomprioblem as follows:
(Stream n%?J { ProcesBqutput2 (ppQucputBufer2 n - Ic])
CrVEERpPQut put Buffer2 [n - k] );

Bi t{:rsteresa:néérprt putBuffer2 [n - k] ); }

LoadFrame (ppInputBuffer {n});
ProcessInput (ppInputBufferin]);

}
}

HardwareThread2 ()

while (Streaming)

{

Processoutput (ppoutputBuffer[n - k1]);
SelectMV {ppOutputBuffer[n - kl1l, ppOutputBuffer2[n - kll);
ProcessInput2 (ppOutputBuffer2 [n - k1l):

}
}

softwareThread ()
while (Streaming)

ProcessOutput2 (ppOutputBuffer2(n - ki - k2]);
VLE (ppOutputBuffer2(n - kl - k21);
Bitstream(ppOutputBuffer2[n - kil - k2]};

}
}

Since there are 3 pipeline stages, additional buffer is added to pad between the two
hardware stages. Hence the two values k1 and k2.
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ProcessQut put and Processq utrut2 half of the tineg,
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CPU utilization will be quite low, and the overall

t hroughput is still higher than non-accel erated
encode. A 3-stage pipeline based on 3 threads w ||
solve the serialization probl em9%s follows:

Har dwar eThreadl () { while (Stream ng) { LoadFrane
(ppl nputBuf fer [n] ) ; ProcesBl nput (pplnputBuf f er
[n] ) ; } } HardwareThread2 ) while (Stream ng) {
ProcessCQut put (ppQut put Buf f S kl] ); SelectWwW
(prJtputBuf fer [n - kI] , ppQut putBuf fer2 [n - Kkl]

. t Buf 2
Loy T2 SphBRH.S ERHRH e ALl . Kol oo
( ppQHeI@LHnBHﬂlrngi'c%efefhtronNewlcégZﬂ)e )netﬁﬂcﬁ:drﬁpxﬁlihgm Buf
fer2 [n - k2] 2; Bi t strearn( %@tBuf er2 [n -

kI - k2] rgoen}m@, By ttehg}c@oa?rg:oyrtﬁ 'ggq:q tign aﬁéglce one or more
addigh,beRal frONY TLT vingo a8si@fet OtoP adeREt VB RIPIdAEthNEh spec1ﬁcs of

har re stages. Hence the two val ues kl "and k2. CLAI'MS
1. Acemd¢tatidndmardwarst partially inplenmented by a

conmput i ng?s%g s&? tfooxtecféllvm ?l?e %Hg qu' &gr@%gﬁg{? 6\%1% Cemdeo encoding

servi ce, CONpri sing:. recel Vi
vi deeceslanaddhrsgnawel erati on service, one or nore

queries froma video enc e to identif
el emont at | oAEHBCRET LTt theo EERRI, WAy ofo obtain the

r esponsi mplé;nérﬁgﬁd,lygmlﬁdge one or nore queries, the
vi deo encodi ng accel eration service:_interfacin

Wi th )
the accel er at FeWOREMEwali® tECeHiNg n thie mplemen ation specifics,
communicating the implementation specifics to the video encoder; and

wherein the implementation specifics enable the video encoder
during runtime to:

(a) determine whether one or more of speed and quality of
software encoding operations associated with the video encoder can be
increased with implementation of a particular encoding pipeline of one
or more supported encoding pipeline configurations and capabilities;
and

(b) implement the particular encoding pipeline by
interfacing with the video encodiné acceleration service.

2.  The method claim 1, wherein the software encoding operations comprise
one or more of motion estimation, residue computation, motion compensation,
and transform operations.

3. The method claim 1, wherein the software encoding operations comprise
one or more of noise reduction, image stabilization, edge detection, sharpening,

and frame rate conversion operations.
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vi ded enchfi MgHed Aaig} S P EReSEIUPUINE T omuni cat i ng t he

execut e reEHIERES biHe WiRoPGicalRIgeicteleatidifservice, execute requests
accel erati on hardware; receivjng responses associ at ed

wi t Rfh@ &emAlnPeRmEtrexEet dhe e¥idest snqads e execute requests
acC it dRiind & SpahBoneAdotiatena fh 8k gmicn%% RABSE S tipeline to
the video encoder. 11. A conputer-readable storage
nedienapdodgnadsil ngusenvpdacedatyir ogr am i nstruct i ons

execut ab'rS%J%%sﬂzep%’%%%éi% [ Qhe &Y ”'r%@Sés%g' (Y video_ encoding
vi deo encoder program o €, one or nore réquests to

a viadeglemmiondiengcaiccel erati on service to identify
capabilities of one .or. nore of video enCOd‘]izS{;%l pi pel i ne

confi gur at i onSCHNHUHEHNE e PERCUL BerBiepis ¢ parameters to the
accel-géitation HaadWH@r €; responsive to receiving the
capabi[ities fromthe video encoding acceleration

servi ce, the VegeBngrespRises jagwaciated iwigh thesemmpmniegted execute
capapi. L itJ j e di ng operations
assgg&ll%‘%stéédﬁé\nmttﬁgt%ﬁgagi [élghélhco g’ré}t&ﬁat will benefit

from one or ndoevatlingpbe despodsagualthd yided enogdeenent ed

by the accel eration re:requestin by .t he: vi deo

o der *RreSh st Pearabls Rt S| GimBNsbE cooigRer-program
Cr egh@nections tasiwatsle by degsroeessogforg pi pel i ne for

i mpl ementing the one or nore video encodi ng operations

via the £OBENERISRIREH MArdWHe S0SSr nIOSER) Pefalieniong or more
Vi dggq&REOR @gi&g%’n@B&iﬂg%céélgra'tigﬁls%f@&; &ﬂideﬂtiﬂp{:ﬁ%ﬂﬁies of one
12. The conputer-readablle storage nedi um of claim 11,

wherai morehet gideoornoeding pipdhee enebeimatonp end capshilities supported
corrgjra)' S RGN hIRGGQf notion estimation, residue

conput at1 on, m)l?l on conpensati on, and transform

oper at i omsspohSiveThe moajviigerthe casjisbiliticst droagetheedidsn encoding
of cl ailm 1, vvhereiéﬂ tgle one (?r. nore video encoding

opePSET EIREIC8ThY FS DK B SR of noi se reducti on,

i mge stabil i ZaértiingC BRI 186 Chpdbilitd bae Bt Rtbre @tko encoding
frane rate conversion )
operations associated with the video encoder that will benefit from one or more

of speed and quality if implemented by the acceleration hardware;



operations. 14. The conputer-readabl e storage nedi um
of claim1l, wherein the conputer-programinstructions

wo evo7nepuest i ng further conprise instructions POF/US2007/004638
directing the video encoding accel eration service to
create the custom zed video encodi ng pipeline such
that data fl ow between system nenory and graphics
device nenory is mnimzed. 15:5XRhe conputer-readabl e
storage nedi um of claim 11, further conprising
conmput er-program instructi ons executable by the
processor f or requestng, ygthebsidé¢dhenandde dheniziedemcoding acceleration
encoded or decoded spurce vi.gleo data; and if recei Yed .
SourEE Y GRETes 4 SBIaNEEH e ot PIRRHR APF Jmplementing the
decagieng, mbie ¥ideo ¢hERAnE BHBHEbNS VIS AESIBratioH aRrd@hR such that
to generate decoded source video data for encodi ng by
an éNYEMAYIBDjvidee radingPPsiations atg iepjewgaisdiipgoltware.
accejer at I ¢ [ 0h ! '
he Bast oy ST pisE foadaOf ROGRCTAAR A} SRkl Hhe one or
conpuokr videadcambbdingt apesagmnyemimprisef ored ar motd of whetien estimation,

t he -proaram (.nstructions further conpris

| neuFOaRs SRLeRlReEmlPR SO EebHlEn, i BEFuPaEPyafians

usi rid. t heThaisdrapuzedeadabRostemge thatumi qfalldife 1, Avhdrein the one or
conputi ng, devi ce conprisi.ng: interfacing neans for_ a i

vi deBO¥nEBPnEneRding epsrafighs seprtse ens: OF deeievel piseofeduction,
OT QniigBT $t88iliz5P0N, fedded 8t I8 arpddifig ORI Hrari®M18te conversion
queries requesting the video encodi ng accel eration

ser APEERLA®S| denti fy i npl ementati on specifics of

acc rat+ ' [,OR¢ S [ fics .

for WL b1 TS CRUUALRalle YERIETRMALEE MIERL 1 wherein the
whetdoapuwereprgramrisstofctiope éok @adeqying] fukthentompfitenviriseructions for
enco(ﬁi nﬂ ODter ati.ons associated wi.th the video enc%ger .
can BEHAR  REsWHeRi §I501IRG AcREHTatPR Febfch 1B AAERiE yihgy customized
encaoddéey eptddihp NEipelind® RAcIOthAD HEaSHPRObeEteRNGRtHM dnemory and
pi peline configurations and capabilities, and (b)

i npl SEARHES EFECH BemAY iamigRtsed-ng pi pel i ne via the

Vi dag, enope BinBhfrtElAblcdlongl Mdfuhh NG P1 HCRU domprising
source video data; query the dcceleration hardware to .
obt aiomputer-progranérsiniciions exsoiableby thenptocessnufurcat e

i npl ement ati.on specifics received fr th . ]
accel er atrlg%cﬁvﬁgr g}/’\gkrleev goteﬁgo%ﬁrdg coéfr% g]c?& eq%.cmi%l. SOHYE® video data;
conpdi ng device of claim 17, wherein the software

encodi ng .gperati ons conprise one orfiﬁn}‘%re of notjon

esti mat i ¢hieEREd AR CoVHER Setaols, enrpriedpt dersh SAgly fecoding, by

and thé FREHUNTLANES R IS viliBo dhREtoCRHE BBcHRMI s68r@fvideo data
claim 17, wherein the software encodi ng operations

conpPT srcashes by apnsodingbiess creaed by dhe videagacoding acceleration
st aljlj;zat {hgn - ect i Y r .
"Lt ceriga HaNenddii, UGk idllmelREP AL Nt Mied (A0 encoding
of qipélimel7, wherein the interfacing nmeans further

ggr V'rﬁl(':zet eanc%n];p%rtert-rlﬂégda}ﬁlg esclorearé%og{e% rﬁ‘CSF lc%i%lt Ilolr,] wherein the

computer-program instructions further comprise instructions for encoding

decoded source video data using the customized video encoding pipeline.



receive a create encoder object request fromthe video
encoder to create an encoder object that inplenents

wo b@7pensté cul ar encodi ng pi peline; recei ve onePCF/URIINE004638
execute requests fromthe video encoder to inplenent
operations- associated with the particul ar encodi ng
pi peline in the accel eration hardware; and forward
informati on associated with the58%Rre or nore execute
requests to the accel eration hardware to encode the
decoded source video data.

17. A computing device comprising:

interfacing means for a video encoding acceleration service to:
receive one or more queries from a video encoder, the one or
more queries requesting the video encoding acceleration service to identify
implementation specifics of acceleration hardware, the implementation
specifics for enabling the video encoder to: (a) determine whether one or more
of speed and quality of software encoding operations associated with the video
encoder can be increased with implementation of a particular encoding pipeline
of one or more supported encoding pipeline configurations and capabilities,
and (b) implement the particular encoding pipeline via the video encoding
acceleration service to encode decoded source video data;
query the acceleration hardware to obtain the implementation
specifics; and ‘
communicate implementation specifics received from the
acceleration hardware to the video encoder.
18. The computing device of claim 17, wherein the software encoding
operations comprise one or more of motion estimation, residue computation,
. motion compensation, and transform operations.
19. The computing device of claim 17, wherein the software encoding
operations comprise one or more of noise reduction, image stabilization, edge
detection, sharpening, and frame rate conversion operations.
20. The computing device of claim 17, wherein the interfacing means
further comprise means for the video encoding acceleration service to:
receive a create encoder object request from the video encoder to create
an encoder object that implements the particular encoding pipeline;
receive one or more execute requests from the video encoder to
implement operations-associated with the particular encoding pipeline in the
acceleration hardware; and
forward information associated with the one or more execute requests to

the acceleration hardware to encode the decoded source video data.



