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[0001] This application is a continuation-in-part of
waeoopeodialg 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 [ 00021 Mul ti nmedi a

content production and distributijon operations

typically include video encodi ng. Video encoding

processes are typiLeUBLERATERNIDHO ENCDHRGonal |y

intensive. As a result, video encodi ng processes can

be very time consum ng.' For exanple, it may take

several tens-of hours RELATEDAPRIICATIONS to encode

and speed of video encoding processes are Signi iCant

f act Brtgnf dyppéigetiers serial nol 1il2F4i336cbledent Frbodargt R4n2006, titled

d di . . el i ’ ) : . t
cr cadeio il PRCR RO URER, Y EHERT uRBlhroRd ey Wi
can be encoded woul d be usBAGMKGRONKRBY [ 0003]

This Su i rovided to introduce a sel ection of i
concept ?@h%&l @iuﬁﬁf‘iaéliaedmf‘% preducheR £pd plestribution  operations
des ctyphedlyldatiade ividdohéncdai. | the@%@éﬂiﬁkifﬁ?aeesgég &re typically very
Su ry is not intended to identify key features or

essefttrapd cempytaiiongtlyiptensivei ke semjte¥idegencedingrmypcesses can
s | bo bbeidedohQulth o SPE: Bl thdy e BL TG,

scopee of t ﬁe cloai med ggugjgrect %’?fé?r.ld}ﬁtaﬂg Sg{'%%gkﬁqgloﬁ%um for a
vi enwsaffwarhenadderdo eacodale bighrquadity highcdefiratian inwvie. Since quality

servj [ e_one.or nore of the spee nd

qual ﬁysé%dv%g%%en%% R PEoGEse rair?)ébg.mgﬂaé‘qs%f"iﬂr% dor successful
act Srélaﬁiraedih neenteatli pl‘dﬂub’tibﬁvleaﬁd aﬁis&[ﬂtitfghar;%péflhf&,o systems and
encoder .conputer program application and arbitrary

Vi detgcéi%lagfr’rsg Oafrfcc'igasﬁatﬁiﬂvﬁ’leg‘.ﬁ) aﬁ‘ﬁ\a‘lglé Migh guplityeyiglee omeent can be
or NEHRJed YloduSbé esruti he vi deo encoder to identify

i mpl ement ati on specifics of the video accel eration

hardware. The service inter MMM, t he vi deo

accel er aty : . I: e. | ti.on .
Spect 11 coo0ty] RECSAhLY (S BEAifled W iddRELRIERELBN of ggnocpts in
specd fimpifiesl form thatlece EmtlontetesciTbeel belplvenetlicadétaited description.

specq{f enabl e the video encoder .to:.(a) - 2 - | .
det gprlrlls ;Szun\}\lﬂgliyhlesr Gne ¥ec§'?l eﬁiﬁ? é&%?d‘%g (K&& ofeé\'?‘l%esq‘ﬂfaﬁs?vwc}ffeat“res of
sof t tharctaisirdedbjegt MAGES ot St agERIHdb &@ uded s bh @i ifl@fermining
encoder can %ﬁ igqgl[r%ased, with inplenentation of a

pi pet’FRECRS O'oré © ﬁébgﬁb’fﬁ‘&??red encodi ng pi pel i ne

conf i gur obef InaridwcaP A hbdvLS viaed e{nlebdﬁl%pé&w&tﬁd“@emce to
pipeline by interfacing with the service. BRI EF
DESCRFISTFORREORT TpqEe Ijeepd and quality gg0diled gnedring is described.
Fi QUIES sef e | £1d - ol t rence

number isgent&? fa'l%es atgﬁgﬁ p%k%r{gg%?f aﬁzg%r@g a\;\ﬁﬁaﬁy t‘ﬁgeo encoder
conpamariter prograrampplcation and arbifr@@06ded-igeeldération hardware. The
i1lustrates an exenplary systemfar accel erated video . .
enco h’]lgé r%%%g?sdior?ﬁ o %%reey RBH; %é’ﬁ’i‘ .t%e video gnseaeH To identify
Fi g.indlahentatien speeifitsasty tenidbionasdel@btién icd@®are. The service

encodi ng pi peline configuration, wherein sone of the .
encd&ﬁ’i%cg% it dhesviden Reelerasion; hor e g the implementation

[ 000@kcifics. TheSEAMEe BMANBIRLEY the RIBSBMH: S diPEpecifics to the video

accel erated video encodi ng, according to one

enbodicaders . The impl§roegatior gpecifics nentabte Abpevidex sivodesr to: (a)
an exenpl ary video encoder application to illustrate

the manner in which video encodi ng accel erati on
application progranm ng interfaces can be utilized, \
according to one enbodi nent. [00101 Fig. 5 in

t he Appendi x shows an exenplary vi deo encodi ng

pi pel i ne configuration, wherein accel erati on hardware
accel erates notion estimation, transform

quanti zation, and the inverse process to produce

encoded i mages, according to one enbodi nent.
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DETAI LED DESCRI PTI ON Overvi ew [0017] Systens

and net hods for accel erated video encodi ng provide a .
wok@eaomwncodi ng accel eration service. This serrTES2007/004638

allows an arbitrary video encoder application to

interface, in a device independent manner, wth

arbitrary video accel eration hardware to define and

i npl enment a substantially optinmed-video encodi ng

pi pel . TO, Lish this, ;Athe service. expgses _

vi de%étglg%lgl e\?'ggt;ﬁglﬂgpelﬁr megF iof aﬁple‘éi aﬁ?o@?%ﬁ'ﬁ?ﬁ%‘?@‘ﬁ@@sm°°dmg

( API speratidnes easdbBiatedncrigls utiat evidedDedodef t&E Mé d@Rreased with

encodi rocess. . To define an encoding pipeline, the
Vi deﬁn&gi?%ﬁ}@rtm&pﬂf PcBIPEER® (feeng (98 RArAPHRParEedy gBegding pipeline
| np| esppRAtiGHY SRECAPabARidsCatd (b ARABKehE HRSpi gfiﬁe%; oil;lterfacing
avai | abl.e video (graphics) accel’eration har d’&& e. The

vi dewitbtbegeviagval uat es t hese specifics in view of the
application's par Eilﬁlf‘] j , ' 1

(sof t war e- i npl enert cu)ﬁ{)g\é: Sisinimming S?PS% Ié‘g{ ,.g&ﬁ‘%g

oper at i on00%jaln theu Figlresnefliet 1dfen@st digieast ane¥r@ponent reference
qual ity. benefits) from bei accel erated i n hardware.

e RSy theipatie T ey ok i gspponct Hrst appears.
esti mat i oood)rBiRst ONfkstrakd AHaehidry OBy RRA! & ABSe18Rtkd video
i nverse operations such as Motion cofpensation, .

i nvePOd{I1En ASEVRING tarpdreiembadimerfuant i zati on. The AP

al so al | o}yBoHNEieY 2080 CRAE K enh | ngpdi :
pi pel i ne wﬁat] sgbs_,t anti alcdﬁy rﬁ n!??nﬂggg% é‘?‘g?‘ﬁo%% Pfeo encoding
t r anBipelins sonrftguaidons el einrrdnpr ofthe sucediag poodeatasthre accelerated
w th the,host conputing device and the accel eration

hardware, and thereby, further increase encoding

speeds. TIBE0HigaB schoatd @S ekbraphey ehret&hironfdiaheyds@ted video

to infl éence the. | ocati on of .the data WD
20077108 Es BES TIBEI0 PREGEYPSIMERE. - (o i nprove | ocal

cachi ng (@oaw] rige 4viideMeaappbadiat sfvdandvad:f ﬁ?}K video encoder
functional nore_efficiently on nmenory |ocal o the

vi de@PMligption rte) illustrate thq@ineBasewhenh tvideoe encoding acceleration
eval Yahican tg LAee,ene esLgng.a ¢ m .

Vi de%ﬁ%ﬁcoﬁ?n fo | prgjﬁlrlw tﬁﬁglt%cggr%ggnéesgr?%ﬁ%%nbaé‘régrgf“g fo Ofle
encodhbediopat.at i ons in software and sone nunber of

encodi ng Jons.usjng,the accel eration hardwar, .
(i.e., at lﬂﬁg(ges}%lga sbrbzdé? SPPRE SRRV ‘i“br%e‘i“ﬁgﬂry c%@?ﬂ encoding
benleﬂiibt:lir_ﬁer Odﬁnb'@afegh j iolﬁard'haﬂh eﬁlpfd&eleﬁ{tﬁﬁﬁd))ar%\ﬂh%_ %Bi&fléﬁfes motion
application en. uses the A tQ create the pipeline

S0 SHEUHEDy RO RB et 2o, B0 4E0 M EES BPEF i eradice encoded
s ubsingdlel 2ddoyrdind todbAEsmBSdinmpared to a conpletely

sof tware-i nEIIremsnt ed .pi pel i ne because certain_encodi ng

oper at i on§0H & igc Geirerthe cdiprandizd ghaws ramskemplasy video encoding
bet Biddg ; : i S

i o A o S B AL BRIBALBG Ablpy estimation
accedaspeding¢p ore embodiasmect s of the encodi ng process

and m ni m 2] .data trapsitions.allow the host .
processor Qﬁ% olg‘peff]é]r ?ﬁ;ﬁi éﬁg?ﬁlﬂﬁaﬁﬁ? Seﬁecv(?aﬁﬁné’xemplary motion
oper@&tingionwak dméte e dedtpdingad @asichAbodiaeas. The APl is

al so desi nec}ﬁt.o 3I10\£{?conponents to operate in

paral | el @8R Colprarisriny shQYs Ceuoiyy ERbiopevector data
maxigheddin a DispRP1ADIRESEAd (BERB BRSS! %_c@&dﬂhg to one
systens and net hods”for accel erated video encodi ng ar

now ¥MBRkedimsall in greater detail. An ExenplarV System

[ 0020] Al though not required, the systens and met hods

for accelerated video encoding are described in the

general context of conputer-executable instructions
(program nodul es) bei ng executed by a conputing device

such as a personal conputer and graphics (vi deo)

encodi ng accel erati on hardware. Program nodul es

general ly include routines, prograns, objects,

conponents, data structures, etc., that perform

particul ar tasks or inplenent particular abstract data
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[ 00261 Video encoder 116 eval uates the inplenentation
specifics supported by accel eration hardware 130 in

wor@niaicid he application's particul ar vi deo eneomUsz07/004638

architecture (software-inplenmented) to identify any
encodi ng operations that could benefit (e.g., speed
and/or quality benefits) from being accelerated in
har dware, select a search profiBe to encapsul ate a
trade- of f T
m i i 2 1AL H9E D ) SRS ARBERK Mol i bXeABct BERun indicaring
pr ockatswidh cdtec lunkx snfher yatwhes atiariginal TECbOR)imbgaeddcording to
from harq} .e accel eration include, for exanple,

not %3 & V\%’a‘f’?ron transform and quantization. For

exanpl e, [60®] FeASENin hePLPFRAR ShGWAE b Jxb@Pldr diagram indicating
hardware is to m nimze datafl ow between pi I ne o
st ad hat the numberlqﬁ)@yxpumvgx uepeLbng oghrng)@ewp'tr()zawsdth of the original

ean,%égeﬁa fo?co‘fﬁﬁix%‘%o%ﬁ@%ﬂlbﬂﬁnﬂélﬂel i ne configuration,

wherein so e encodi ng processes are accelerated
i n har dwd9@i6] Eag. kiunptb@e%ppﬁndex elmcp)waay exkmpéary ahatgmm indicating

and Scri 0 |on and W Soci at )
o ¢ AREE Bl Be gRRES R AU, AT ot R R progressive
onesﬁaiﬁetdaeomaﬂ@fﬁanbfﬁdlﬂegt 1. In the description,

the | eft-nobst nunber f a referencenumeral i ndi cat es

where the particul ar ol

YiNI BN ponent / dat a
pat khv&hsdwenced itemwas first | ntroduced For
exan‘ﬁl‘"_t‘ﬁe | eft-most nunber of pipeline 200 is say

" | ndil@eXT iy stemp and methgdsrfor aopelernderd aifldonermiogingprovide a .

’ li
con i, SRR acERERRAACADE Tfis SRR Bllops an grbitrary video
i nt wf:adnrregppmaﬂmn/todmmrﬁme,am adevdes inideperiibdt suaher kdth arbitrary

oper b AP EoaR DB T el S4Bl cEB0C srgibstanally optimal

pur RegRsS eﬁf:odlhguﬁipreﬁhé ONTopheeReslishy tHaPe R iseRSce exposes video
illustrated on the rlght side of the bold dotted |ine

i n Eeecleatigpe (Yfoe|appHedipnpyprpgieaheinierfaceg. (APIs).  These APIs
acCehes Akl NAlGHRLE tﬂ-é”glcféfo &l Rdink) pﬂﬁgss To defi ine an encoding
processi ng-operations i1llustrated on the left side o

t he pipgdince thee yded oemndehyapilisationt usenphei YA dédRlseto query
102 .(F . i pel.i.n [ - . .
contitigiied (o SIRECEE, RUBGula, 200) oP BLMPR video (graphics
non-adodleetiofdizréa atel I’fE]Se videaleac@@# evathafkXheepspesdits in view of

ctive or naI and ded |cture menor

[0008T | Fprntioh e mRBerRE | ekt ot TsRote qaltinente, (oftware

116 ifdplémerdpd} 3k Eigedstyl H@;UtenS@dIﬁgf&}idﬁtﬁkfnsCﬁmﬁrdbiﬁ@d)eﬁéﬁt (e.g.,
unconpressed video data 202 (pl ease al so

200?Pi@b@1lé#ﬁ%@§@o‘??@@&%3@om Heingg éecql?fﬁtﬁd {1 dwgdware.  Such
dat plediont ifidi8de, ! for efzirﬁﬁé emﬂﬁ&? e§tﬂﬁ§1t1$rh QrEN IR, 3hy quantlzatlon

pi pe I ne con;@%ur ation of does ndt copy i nput

souraperagions o ZLH(JBHSQWMIMSS @mh: ets) Mefiqrh eopsnsation, inverse
o TIUELRARASHER 402 ohbnd AR 1SN PP R 896 e ticep speoder o
nmekidegigangi eecdding mpelirtéemaemﬂﬁc&rﬁlamﬂzﬁ)xlrﬂmSmmaﬂm transitions

t he source videp. For exa i zation
o e bt Sl brasgmersahwagoy it 455 bodRormtipe sgice and the
dat %ccélbﬁti@ﬁt Rardhwlate, NAld @ﬁr&)?afiﬁlftﬁérr Rlreak® elnbb&nﬁ speeds. The

exaggé Egllne 200 is co igured to convert t

i np Tdalﬁa aflgwsithe apenleration bajsvease dol itfanca dhe lpcatien of the data
respecti ve operations of blocks 206, 208 and 214 ’

t hrough 218. [ 00291 Such operations may incl ude
converting unconpressed (YUV) video data to conpressed
MPEG 2, or it may include transcodi ng video data from
MPEG 2 data format to WW data format. For purposes of
exenplary illustration, assune that the transcodi ng
operations include a full or partial deconpression
stage foll owed by an encode stage (there are nore
eff|C|ent nDdeIs mhlch by - pass deconpre33|on and wor k
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116 can use VA APIs 128 to specify that the encoding
pipeline is to inplenment iterative directed searching

w@ nootiogeke sear ch passes of increasing refi neneat/y$2007/004638
define and use generically selectable search
strategies (e.g., selecting a search al gorithm based
on quality netrics independent of any know edge of
detail s about the actual al gori#hm been enpl oyed),
utiljze f i ent : hod [ :
a vihgraieoien! HERRLEEE RN RGREH AR fartverd i Brumctional
f or madreafffitieptly onimanotaloaallid Zhanidet hardweare).er at i on

hardware 130 is upaware of the conpressed. put put .
f or mat fé‘?“llsﬁéaé oﬂ%d%ﬁSEeSVB‘éH?téoqugset KK%Bnter“fiT’d"”r designs a
seargbiohfizePVaRto SRicAis BRI 1t petfRhiR {diee YiuiRr of encoding

encoder 116 selects a macro bl ock size based on a .
searapragiogsrint sffargnand GoBe, 1RO BfnsaPYingr dRegaliens using the
100:%%&15{395 nhatGRUR @.‘3. X R 2LdbsRf OERRWHRraA s tBEt could benefit
accel et ared video  en odi ng, according to one

enbdibmbeing Fardwane posderapid).e Idepngpgerdappdicapon then viee the API

' f the d e d ' i .
Oher 3t oe 1B ol OE ARe Ao ESRERD Sl Ll BORE Pipciine is

nuneyBhtapfialdy GpiptRedtas’ &epaed eo nuirbatplétal)i saft@aret-imeplemented
particul ar figure where the conponent is first

descripgline. because  oRyRdY 1 SGOIRIE FPFHLISY iR oPeslesigh and data
116 t(‘aﬁl\s;}l %) bétReth V@R héWR UindY e fcddidratidn hardWatd Bre minimized.
i nput Vi 'doeo data 122 is not conpressed, the input

vi detdditivaallyppresessing teeofieer 8Bk acealeraing segamppspects of the
bl ock 304, if i . V. 122 i f ¢
o) ookt bod B e oI RE, LRR ORGSR eror
genepafendaighdedualityr escodiieopemtians Atitthfieell-u@OBrocessing cycles.

vi deq e der (116 interfaces with VA APl 128 to.quer

ccolr AEloR s AsaPas 36 5" kepagerty (o SPRm if diigtel so tha
encogirshRiiBxell irdfueeNhdag cah be indxialdaent at i on

specifics. At block 308, video encoger 116 eval uates hods f
the suppdPPtl Ergsabpndt PEST asi@ettipPenRt aY5iews and methods for

specj . h LY titsed RdreaePl&hiion of
t he é/({c feegaﬂéé%ggﬁ eréd%(%gl,%%{%gi}sggﬁeisfy vi1<;I1!'if=3g(-)r encodi ng

oper AniExesnplaspSvatam with the particul ar 7
| mpl emnt@gmnh%ﬁ%%%hgn& f%ﬁirgg C@l@%st}%ﬂ% I dRds for accelerated

benefit f accel eration, Ke encodi ng

speedidas dneodiigakict Jesdeibed iimnBe grheralicoatedttitodl computer-executable
transitions across bus erc, agd bet ween, proCessors: . evi h
and/ Bptrughiens (progrem modules) beipg gxgautad by 3 eQmBYis device such as
videp engositn 1démprieat emdan gRipbasdi NgviabpeClentidihg  acceleration
i mpl ements an encodi ng pi peline caonfigured to execute

t he hetdmerd.i Bepsyage desrsreibe inglogn crouknes, nBgpgrams, objects,
benet h T il O foRmaf £8LEIaRA AR or implement
har d&%@ggﬁ%@’ ‘?gﬁ%@rﬁgtﬁ?%ﬁ%&sg&% / a%grlni ?y tradeotfs P emen
( e. gpartichlar absedot dpedypesar ch profile), and mininize

data fl ow itions. At Dbl Y/ :
uace e EPREES dndinet Rl sylHEROT G Reqlomted video
Sour gfcodiifle Gicdatding s onel emotibndne Syegue @@ irgfludes host computing
operations_and_encodi ng .architec e delineated by the .
ot 81158405 (B REBIEHGE i HE Gemereld s, REcti Computing
310. g:ﬂg}@é SuERNGRIA R RRal 3bmPiker 04 18ht86K aZk2vaehendlictd or mobile
encoded video data 126 (Fig. 1). Conclusion

1004 tompiting udsiviceh estey sHepls computing detiger b2 includes one or more
accel erated vi deo encodi ng have been described in

| anguage specific to structural features and/or

nmet hodol ogi cal operations or actions, it is understood

that the inplenmentations defined in the appended

clains are not necessarily limted to the specific

features or actions descri bed. [ 00421 For

exanpl e, although API's 128 of Fig. 1 have been

descri bed within the context of encoding video data,

APl's 128 can be used outside of the encodi ng context

o o S o o, o, e - e s




2. 1Encoder Layout - 17 - 2.2Pipeline or Mode
Configurations 17 - 2.2.1VA2 EncodePi pe Full 17 -
WQ@20720M826 EncodePi pe_Moti onEsti mati on 18- 3 Exetmplsag7/004638

AP
3.1
- 3
3.2
Str

3. 3.

-18- 3.1 Interface Definition 18 -
. 11 Vi deoEncoder 18 - 3. 1.2l Vi deoEncoder Service 19
. 2Met hods: | Vi deoEncoder 19 - 3.2.1GetBuffer 19 -
. 2Rel easeBuffer 21 - 3.2.3ExBeute 21 - 3. 3Data

B%ﬁ% gf%?‘w& %ogﬁlg%éatcr s a bus 103 to system memory 106. System

e_Execu aPar anet er
memory 106 includes computer-program modules (“program modules™) 108

and program data 110. A processor 104 fetches and executes computer-
program instructions from respective ones of the program modules 108.
Program modules 108 include video processing modules 112 for processing
video content, and other program modules 114 such as an operating system,
device drivers (e.g., for interfacing to video encoding acceleration hardware,
etc.), and/or so on. Video processing modules 112 include, for example, video
encoder 116, video encoding acceleration service 118, and other processing
modules 120, for example, a video decoder, video filter(s), a video rendcrér,
etc.

[0022] In this implementation, video encoder 116 is an arbitrary video
encoder. This means that the particular architecture, operation, data formats,
etc, implemented and/or utilized by video encoder 116 are arbitrary. For
example, video encoder 116 may be distributed by a third party, an OEM, etc.
Additionally, although Fig. 1 shows video encoding acceleration service 118
independent of the operating system portion ;)f “other program modules™ 114,
in one implementation, video encodiné acceleration service 118 is part of the
operating system. '

[0023]) Video processing modules 112 receive compressed or
uncompressed input video data 122. When input video data 122 is compressed
(already encoded), video processing modules 112 decode the input video
data 122 to produce decoded source video data. Such decoding operations are
performs by a decoder module. In another implementation, partially decoded
data could also be retained to further assist the encoding process. For purposes
of exemplary illustration, such a decoder module is shown as a respective
portion of “other video processing modules” 120. Thus, decoded source video
data is represented either by input video data 122 that was received in a
decoded state, or represented with results of decoding input video data 122 that
was received in an encoded state. Decoded source video data is shown as a

respective portion of “other program data” 124.



23 -. 3.3.2VA2_Encode_Execut eConfi gurati onPar aneter 23
- 3. 3. 3Dat aPar anet er _Moti onVectors 24 -
w@20740a1@Par anet er Resi dues 24 - 3. 3. 5Dat aParedmeU£1007/004638
I nput Il mage 24 - 3. 3. 6Dat aPar anet er Referencel mages 25
- 3. 3. 7Dat aPar anet er Decodedl nage 25 -
3. 3. 8VA2 _Encode_I|I magel nfo 26 -
3.3.9Confi gurationParaneter_MotéenEsti mati on 26 -

g g ig_)xﬁgﬂ_{)&gﬁgggi_eg@: ! ?ﬁ?l:e*%hgg c_%Zto'mized video encoding pipeline
3. 3tiat\AR Hemased eo Mibede dequided so@Be-video data into encoded video data
ﬁbgé%&g@%glzgﬁggfer§?g rh(]:tgﬁgggsdv%itg %i(ieosén%b iér"x\gmz‘\%ce g?a%%% service 118
via video acceleration (VA) APIs 128. One exemplary implementation of
multiple possible implementations of VA APIs 128 is described in the
Appendix. To define an encoding pipeline, the video encoder application uses
respective ones of the VA API 128 (e.g., please see the Appendix, §3.4,
IVideoEncoderService) to obtain implementation specifics of available

acceleration hardware 130. Such implementation specifics include, for

example:

e an enumerated array identifying supported video encoding pipeline
configurations of the acceleration hardware 130 (e.g., obtained via the
GetCapabilities interface described in the Appendix, §3.4.1);

e an indication of supported video formats (e.g., MPEG, WMV, etc; please
see the Appendix, GetSupportedFormats, §3.4.2);

e supported search metrics for motion estimation (ME) operations (please see
the Appendix, GetDistanceMetrics, §3.4.3);

e supported search profiles for processing time vs. quality tradeoff decisions
(please see the Appendix, GetSearchProfiles, §3.4.4); and/or

e supported ME capabilities, for example, image size information, maximum
search window size, variable macroblock support indication, etc. (please see
the Appendix, GetMECapabilities, §3.4.5) )

[0025] Responsive to receiving such requests from the video encoder

116, video encoding acceleration service 118 queries thé video acceleration

hardware 130 for the requested implementation specifics and returns

information associated with the corresponding responses from the acceleration
hardware 130 to the video encoder 116. Video encoding acceleration service

118 interfaces with the video acceleration hardware 130 using a correspémding

device driver. Such a device driver is shown as respective portion of “other

program modules™ 114.



3. 3. 15Confi gurationParaneter Quantization 29 -
3. 4Met hods: | Vi deoEncoder Servi ce 29 -
w®@20071681di pel i neConfigurations 30 - 3. 4. 2Get FCTESB0BM4638
- 3.4.3CetDi stanceMetrics 30 -
3.4.4Get SearchProfiles - 31 - WD 2007/ 100616 APPENDI X
A Exenpl ary Vi deo Encode Accel eration API
PCT/ US2007/ 004638 3. 4. 5Get MECapdbi | ities 31

LI 45057 S5eTR SRS W i s

3. 5sappateEnoy decctratipe Gerdfvragel 30 iinrvid8 of the application’s particular
video encoding architecture (software-implemented) to identify any encoding
operations that could benefit (e.g., speed and/or quality benefits) from being
accelerated in hardware, select a search profile to encapsulate a trade-off
between video encoding quality and speed, minimize data transitions across
buses and between processors, etc. Exemplary operations that may benefit
from hardware acceleration include, for example, motion estimation, transform,
and quantization. For example, one reason to perform quantization in hardware
is to minimize dataflow between pipeline stages.

[0027] Fig. 2 shows an exemplary embodiment of a video encoding
pipeline configuration, wherein some of the encoding processes are accelerated
in hardware. For purposes of exemplary illustration and description, operations
and data flow associated with Fig. 2 are described with respect to particular
ones of the components of Fig. 1. In the description, the lefi-most number of a
reference numeral indicates where the particular figure where the
component/data path/referenced item was first introduced. For example, the
left-most number of pipeline 200 is say "2", indicating that it is first introduced
in Fig. 2. In this example, encoding pipeline 200 was configured/customized
by video encoder 116 (Fig. 1) interfacing with video encoding service 118 such
that respective ones of host 102 implemented processing operations are
accelerated in hardware 130. For purposes of illustration, processing-
operations illustrated on the right side of the bold dotted line in Fig. 2 are
accelerated by hardware (e.g., acceleration hardware 130 of Fig. 1) and
processing-operations illustrated on the left side of the figure are performed by
the host computing device 102 (Fig. 1). In encoding pipeline 200, optional
configured data access pathways are shown with non-bolded dotted lines.
Ovals 204 and 212 represent respective original and coded picture memory
stores.

[0028] In this example implementation, video encoder 116 (Fig. 1) takes

as input some form of compressed or uncompressed video data 202 (please also
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g g %sjéﬁggg%%{ F%ﬁ\égtgrte%pw%e ?OZ if the source 202 is not originating
from the host 102 and if the host decision making engine (e.g., video
encoder 116) does not use the source video. For example, if quantization
decisions do not require the host to touch the video data, the data will not be
transferred. In this example, pipeline 200 is configured to convert the input
data 202 to another compressed form using the respective operations of blocks
206, 208 and 214 through 218.

[0029] Such operations may include converting uncompressed (YUV)
video data to compressed MPEG-2, or it may include transcoding video data
from MPEG-2 data format to WMV data format. For purposes of exemplary
illustration, assume that the transcoding operations include a full or partial
decompression stage followed by an encode stage (there are more efficient
models which by-pass decompression and work purely in the transform (DCT)
space). A number of video compression formats make use of motion
estimation, transform and quantization to achieve compression. Of the
compression stages, motion estimation is typically the slowest step, including a
massive search operation where an encoder (e.g., video encoder 116) attempts
to find the closest matching reference macroblock for macroblocks in a given
image.

[0030] Once the optimal motion vectors are determined (e.g., via block
206) for each of the macroblocks, the encoder 116 computes the differential
residues (e.g., via block 208) based on the previously coded image and the
optimal motion vector. The motion vector, along with the differential residue
is a compact representation of the current image. The motion vector data is
further represented differentially. The host encoder can optionally request the
re-evaluation of motion vectors by the video acceleration hardware to find a
macroblock with a smaller combined motion vector and/or residual. The
resulting differential motion vector data, and the residual data are compacted

(e.g., via block 218), for example, using techniques like run-length encoding
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and quantization operations (214), quantizer inversion and transform and

version (216) and entropy coding (218)) are well-known in the art and are thus
not described further herein.

[0031] Referring again to Fig. 1, in one implementation, video
encoder 116 is a muilti-threaded application providing for full utilization of
acceleration hardware 130. In this implementation, when determining which
video encoding operations are to be accelerated in hardware, video encoder 116
may structure the particular pipeline configuration such. that both processor 104
and acceleration hardware 130 is fully utilized. For example, when video
encoding pipeline motion estimation operations are being performed by
hardware for a particular frame of video data, the pipeline may be configured to
perform entropy (or arithmetic or Huffman) coding operations in software by
the host. on a different frame of video data. An exemplary single motion
vector pipeline representing the particular pipeline configuration
selected/structured is described below in the Appendix in section 5.1.1.
Exemplary multiple motion vector (relatively complex) pipelines wherein
video encoder 116 requests multiple motion vectors from acceleration |
hardware 130 and selects one motion vector pipeline based on various
parameters is described below in the Appendix in section 5.1.2.

[0032] With respect to selecting a search profile, the quality of motion
vectors refers to a bitrate of a stream generated by the use of the motion
vectors. High quality motion vectors are associated with low bitrate streams.
The quality is determined by the completeness of the block search, the quality
of the algorithm, the distance metric used, etc. High quality motion vectors

should be used to perform high quality video encode operations. To address
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[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
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An Exemplary Procedure

[0038] Fig. 3 shows an exemplary procedure 300 for accelerated video
encoding, according to one embodiment. For purposes of exemplary
description, the operations of the procedure are described 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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[0041] Although the systems and methods for accelerated v1deo
encoding have been described in language specific to structural features and/or
methodological operations or actions, it is understood that the implementations
defined in the appended claims are not necessarily limited to the specific
features or actions described.

[0042] For example, although API's 128 of Fig. 1 have been described
within the context of encoding video data, APIs 128 can be used outside of the
encoding context for hardware acceleration of other functions such as edge
detection, motion-vector based noise reduction, image stabilization,
sharpening, frame rate conversion, velocity computation for computer vision
applications, etc. For instance with respect to noise reduction, in one
implementation video encoder 116 (Fig. 1) computes motion vectors for all
macroblocks of decoded source imagé 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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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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2.2.2 VA2_EncodePipe_MotionEstimation

/7 (F18B3D19—CA3E—4a6b—AC10~53F86D509E04}
cpp_quote( "DEFINE_GUID(VA2 EncodePipe MotionEstimation, 0xf18b3d19, Oxca3e, Ox4aéb, Oxac,
0x10, O0x53, Oxf8, 0x6d, 0x50, Ox9%e, Ox4);" )

Fig. 7 shows an exemplary video encoding pipeline configuration in which hardware
accelerates only Motion Estimation, according to one embodiment. This pipeline
configuration takes a set of reference images as input, and dumps Motion Vectors as
output. The Decoded Image in this case has to be generated and supplied by the host
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
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3.1.2 IVideoEncoderService

interface IVideoEncodexService : IVideoAccelerationService

HRESULT GetPipelineConfigurations{
[cuk} UINT3Z2* pCount,
[out, unigue, size is(*pCount)] GUID** pGuids
):

HRESULT GetFormats (
[out]l UINT32* pCount,
[out, unique, size_is(*pCount)] GUID®* pGuids
Yi

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

HRESULT GetSearchProfiles (
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,
{in, size_is(NumStreams)] VA2_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.
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StreamType

Specifies the type of buffer to be returned. Typically, the stream type will be
implied by the Streamld, and negotiated at the time of creation. If StreamType
is not consistent with Streamld, the function returns an error value. The data
buffer is interpreted (typecast) based on the value of StreamType as descnbed
by the table in the remarks section.

Blocking

Specifies the behaviour of the function when there is starvation, or some other
need for throttling. A value of True indicates that the function should block,
while False indicates that the function should return E NOTAVAILABLE.

pBuffer

Pointer to a data buffer to be released via ReleaseBuffer. The pointer is recast
(interpreted) based on the StreamType parameter, and this is described in the
table in the remarks section below.

Return Values
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
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Stream ID associated with the buffer.
StreamType
Stream type for the buffer.
pBuffer
Buffer to be released back into the allocator queue.

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
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Stage
For split pipeline configurations, this parameter identies the specific stage of the
split pipeline. The numbering is one-based, and for non-split pipelines this
parameter is ignored.
NumlInputDataParameters :
Size of the input data array (next parameter).
pinputData
Array of pointers to input data values. Individual data pointers are recast
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pOutputData
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pConfiguration
Array of configuration parameters controlling the execution of the pipeline. The
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pStatus
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Zdj:fc.cg E be, it @ g?_ _It%% %g@ﬁfﬁ’ﬂ: ecl %’)a giageter base
5 (9 N %@ co é) Ta ongﬁar melers ; %]o bgi as deriving
SasibFah o % c(,%rngg%, er%%%ec, OXEIUERY,
:Qs&ra,v&Eénc@a@,eﬁﬁl%b’atépérén%lé/ﬁzﬁ” code_Sea rch
PRl de@uct Y PRABES telddClnar MAY gde_SearchProfile U NTB
QualryLevedngent)) NTB Ti meTaken; GUI DSear chTechni quei

Gl [3Siibn k%l Lt Bpakat on; ) VA2 Encode_Sear chProf al e;

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;

UGINT32 StreamId;

UINT32 ConfigurationType;
} vA2_Encode_ExecuteConfigurationParameter;
#idefine VA2_Encode_ConfigurationType MotionEstimation ox1
#define VAZ_Encode_ConfigurationType_Quantization 0x2
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.



Menbers QualityLevel A nunber in the range [0-100]
that indicates the relative quality of Mtion Vectors
wanongoisine di fferent profiles supported by thepdBUS®ET/004638
Ti nzeTaken A nunber in the range [0-100] that
indicates the relative tine taken for different search
profiles. This enables tPRIBPPI’EAti on to nake a
reasonabl e ti neFytrEpPRDyVidegBacedeiAccelemtionATEchni que A
| D.i ndi cating the search al gorithm used.
el Interpolation A GU D indicating the subpi xel
This eirysdrancteps asbise tpefornorerpesizlived Tordgurdtonrinformation. The base
AT PAYReSPIt{e apeEpaeiakitetitie hasedl o the Bonfigirationilybé pyrameter. The
WEPRiRS btweddrantieHiptiopT yre and|the speeialined sinaureT fradesaritgd n the
tehlgibeleed agai nst Ti meTaken should follow a strict
APPENDI X A Exenpl ary Vi deo Encode Accel eration API
o { S

Fapertion—tle—f proffopligunati nd_profile 2
Contleurationvpe, MotionEstimation | ConfigurationParainaier Metiopkstmation
C e ato hepkaramater Onantization

onhgur _Ogan "N
ME‘W VBDeecon {

%gns a#%k@?é?é; ﬁﬁgﬁc dt h; U NT32 MBRei ght;

QL NT.3 t; RECT* pMBRect angl es; )
Ve ane N g BB e “CRReTaht MBS ze A

val ez of.. ahe. Lodi GHEES ¥ hat al | Macrobl ocks in the
Cure Ferrte_Emgersrasenct icvesapBesisze. This may not be true
or formats like H 264. MB Wdth Wdth of a

[PP8% ock. Valid only if bConstant MBSi ze.is one.
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.
pMVSurface
Pointer to a structure containing the Motion Vector D3D Surface.

3.3.4 DataParameter_Residues

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;



MBHei ght Hei ght of a macroblock. Valid only if
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det eckhedDef thoddtpstroamassiefingd mlthdolep@lmmgn@ﬁlrwort fibis can be used

Execut etaiafdar wheihar hedate ingputesiodives or decoded i mages
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pSt atRmntpratparﬁévmlrecﬁontaﬁénﬁbé érpug ingage| D3 Sefacs h Blgs & the surface
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§§ a$ éaﬁ’the d e%nce beltvveen macr obl ocks when
n% perRrapeter, EE‘?'PFge MRI/rrent |y choice
di stance netric. If this distance exceeds this .
%"7@@3@3’%0&%’?@%‘??4 ﬁcyﬁ‘faﬁ@’a“{‘?’i%ﬁ%“ﬁfféﬁe’é‘aﬁ’fﬁt i on vector

i supgpect ed. Ti nel#meanta: Maxi rum tinme that the hardware
i S vRy £,,anec§m;g@ms@ega§mm§§€h§ M5ti on Estination stage. If
I P2trakees Fregrrgerretem et e seterimesest he pStatus par anet er
I%m% & Execute call is set to E _TIMEQUT. Search

6‘!§ APPENDI X A Exenpl ary Vi deo Encode
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mum val ue, of the x onent of
ths,gr \y ?fé’g b?ﬁ?f f"g{ﬁls\f‘g&?tﬂ?e joyidsg ﬁ‘gﬁ%ﬁ@@ﬁt}?t he size
a
W ndo

¥ _dl 0S| ongs cg%f\t \"yg B g}?ecﬁ gl.\flrva??%e%ls can be used
T 9&‘? IWPHM ¥tsize (al ong the

% § L) of the search wi ndow. Renmar ks
umRejerencelmages

Size of reference images array (next parameter)
pReferencelmages

Array of reference images on which to base the motion vectors. For simple formats
like MPEG-2 only one progressive frame (or two fields) may be used. On the
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



3. 3. 14VA2_Encode_ModeType typedef struct
_VA2Encode_ModeType { U NT32 SearchProfil el ndeX;
waEdoDDhwsi@anceMetric; 1 NT16 HintX; | NT16 Hi ntY;PGT/US2007/004638
VAy Encode_MbdeType; Menbers Sear chProfil el ndex
Index into the |ist of search profiles as returned by
the GetSearchProfiles APIARBENDDPASt anceMetric Metric
to use when conmpaPPRRTH VideodrrassiAseriEration ARbnl y used
metrics i nclude SAD (Sum of Absolute D fferences) and
SSeY¢&uHi"gge Squar ed Errors), HintX Hint about the
ex pec%taufoﬁ%‘&% ‘B’ﬁg"o?btP‘B?q rl“B"" ﬁngttzﬁ%or}réﬁ‘iebﬁﬁ transform and
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and may "ot ‘8@‘38 fgt Ea‘b‘f R PYSHAE BEiony umgefigsfarily. The
H| nt abB‘H“FrPSmé 836‘tsé‘ ed}‘sreﬂéfﬁ B ChRoffh to gui de
efer to the overall notion in
%ﬁm&%%&@&éapm i cabl e on a per MB basis.
e% A5Conf i gur ationPar gnpt er _Quantization typedef

_Encode_ImagelInfo
ﬁﬁﬂa ct3DSurface9* pSuxface;

VAgj_jEncodefl xecygtieConf i gnrati onPar anef er _Quanti zat on
BENT32 Lengt h; m:LdeTSZ Stream d; Ul NT32
E“&ﬁ?—é‘t‘ﬁgb‘ﬁfr”ype Ol NT32 St epSi ze; }
MAbbRcode_Execut eConfi gnrati onpar amet er _Quanti zati on;
l\/bnge Length Nunber of bytes in this structure. ;
Pr V] [ of the data
Dt oVt Hilet Bl SAORUHR b hrnsShE TR AR uphogk e 00
can l?;é% Q‘f E)Qe nHLS{es l.e{hlgg Jcla% %Elf'%ld mlil&e Aa a and the data
out pl‘It rlacggeZe ageg? r & 1vé
us £y per or m ng quanti za hi's sign a
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the i maggy VQl;en élﬁ Ebﬂgmyéi:) 1986t té ﬁ%ﬁél Y€t Wi, the data
request ‘?sdaslsﬁhléd"fosoe%)tlef'laced
' Window
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.

m%

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.



3.4 Methods: |VideoEncoder Service APPENDI X A
Exenpl ary Vi deo Encode Accel eration APl The nethods in
wo hiog/1omeier f ace al |l ow an application to query PEEUS2007/004638
hardware for its capabilities and create an encoder
object with a given configuration. 3.4.1
Get Pi pel i neConfi gurat i ons‘gﬁ’mg?}LﬁA
Get Pi peI i neConf Fé%ﬁ‘ﬁlﬂ'yo\ﬁ’éiﬁo E@‘Eﬂdf Agrlgragien ABbunt , (Qut,
size is(*pCount)) PGw ds ); Paraneters
?L; t Ret\(ﬁ‘g—ﬁﬂpﬁ’é'qdé%ﬂcb&sﬂl@ ioNze of pQuids array
Lnext..parameter) returned by the function. pGuids An
ar vgyenedde Ghi-BBed0s ChimMimaget, he vari ous pipeline
coﬁﬁzrﬁﬁﬂ"‘éﬁﬁﬁﬁg jgﬂ}@t@@ﬂiﬁ@ BY.t he device. The nenory is
iz geateabyrdhiecioal T ee, and shoul d be rel eased by the
call er using CoTaskMenFree. Return Values OK function
M@&@qgﬁessful OUTOFMEMCOR Y Function was unable to
IFE{; f menory to return the list of GUDs FAIL
Una Mo ‘9&&&@ Q}en&]éutﬂa% 1!14%)1? glqm%!s pel i ne
@[ﬂ I onS because evi ce error 3.4.2
Get r%§v&'ﬁ5§9¥e Z)i:&{ %taﬁ‘ Je&i@ g/l 0 ecéot value of (5,
(out . U9 sy o post 5 PSR
PayANRLS 81 PCO
Motion Vectors are calculated in quarter pixel units. Thus a Motion Vector value
of (10, 10) refers to a macroblock of data that is (2.5, 2.5) pixels away.

In computing sub-pixel motion vector values, the encoder estimates luma and chroma
values using interpolation. The specific interpolation scheme is format dependent, and the
following GUIDs (part of static configuration) control the interpolation scheme.

// {ESAF78CB-7ABA-4d62-887F-B6A418364C79)
cpp_quote( "DEFINE_GUID(VA2_ Encode_Interpolation_MPEG2Bilinear, 0xe%af78cb, 0x7aBa, 0x4d62,
0x88, 0x7f, Oxbé6, Oxad, 0x18, 0x36, Ox4ac, 0x79);" )

// {A94BBFCB-1BF1-475c-92DE-67298AF56BB0)
cpp_quote( YDEFINE_GUID(VA2_Encode_Interpolation_MPEG2Bicubic, Oxa94bbfcb, 0xlbfl, 0x475c,
0x92, Oxde, 0x67, 0x29, Ox8a, 0xf5, 0x6b, 0xbo);" )

3.3.11 VA2 Encode_SearchProfile

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



Return val ue describes the size of pGuids array (next

paraneter) returned by the function. pGuids An array
wW®@R00BWBss descri bi ng the various formats supportEUSIHYT/004638

the device (eg: WW9, MPEG 2, etc.). The nenory is

al l ocated by the callee, and _should be rel eased by the

call er using CoJasl cMent ENDIX A Get Di st anceMetrics
HRESULT Get Di st rYideq Encode ]*C?ﬂl?m% Bbount

ou un i s(*pCount)). GUI DF*
%@%@1 3 f}eegz (oFe G5 Bl S L His Sl values
in,ihe araneter) returned by the
| on. A I . Vi deo Encode
e er at | @@ééﬁragéﬁgggﬁp&?\%f GUI Ds descri bi ng
vseégucgueazseggclggnnegf | cs support ed by the device for
ﬁ%bdoon @554 R4 04]. PHSPory is allocated by the
N elghis rel eased by the caller using
Wﬁasicl\/leﬁﬂsﬁree Return Val ues 80K Functi on was
)s‘;@“i‘gécggm SEXITOFVEMORY Function was unable to
|'ocat € nenory to return the list of GUDs FAIL
Mbmbérs to determ ne the supported nmetrics because of
sogenderrBsizerror. 3.4.4 Get SearchProfiles HRESULT
Cet s eavalbds0drielifgi¢ate Dby allMDEGRIGHR GO tHtcurtefiliinagtl RivdUBs same
Si ze_i s{izg Thisnhgyl notA2 tlnb cadermsaalilcPred. | e* *
pSemid of i | ee ) ;
Width of a macroblock. Valid only if bConstantMBSize is one.
MBHeight -
Height of a macroblock. Valid only if bConstantMBSize is one.
MBCount
If bConstantMBSize is zero, then the macroblocks (or segments) in the image are
described using an array of rectangles. This parameter describes 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



Par anet ers pCount Return val ue describes the size of
pGui ds array (next paraneter) returned by the
wo pctioosne pSear chFrofiles An array of GULDs  PCT/US2007/004638
representing the search profiles supported by the
devi ce. The search. profil es aI | ow t he codec
appllcatlontlme quallt\)/( fis nore effectively.
The menory is aFFYRRIERd ‘iS"y?OFﬁ‘é’dEé’}q"%lému%(}PFs rel eased
cal |l er CoTaskMerTFree Ret urn Val ues 50K
Funcgﬁﬁ MRSV ‘ch%fg‘ prop \ESvioRePned Retiqnotecigasin other words,
bI e a;ﬂe|(618 psieny of e fearch Mandorst  of GUI Ds
l\qh rmnethetg ‘gorted search profiles

be S TLE e, s She size
becadstr w%:x IRy 8%%’ ¥Encode nECa:os*

RERSARS _ ); Paraneters pl\/ECaps A poi nter to the

Mot on Estimation capabilities of the device. This
3.3clades ivARr ERcode MedéType size of inmge the

devi ce can handl e, the maxi num search wi ndow si ze and
bt sh@tfuct headavdse @ostpport s vari abl e macrobl ock si zes.

The BeMgey el ehPs i s al l ocated by the caller.
PI%fEND )ﬁlgixiExeﬁﬁf ary Video Encode Accel eration API

RetUn i .S OK Function was successful E_FAIL
Functi on f ai | ed due to some.device error.
Members
SearchProfilelndex
Index into the list of search profiles as returned by the GetSearchProfiles API call.
DistanceMetric

Metric to use when comparing two macroblocks. Commonly used metrics include
SAD (Sum of Absolute Differences) and SSE (Sum of Squared Errors).
HintX
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



3.4.6 CreateVideoEncoder This function creates an
i nstance of |VideoEncoder. HRESUTT Creat evi deoEncoder (
WO coop/16tiakaUl D Pi pel i neGuid, [in] REME For mat QuP@r/u§ioni/004638
131 NT32 NunEtreans, [in]
VA2 _Encode_St ati cConfi gurA%tﬁ’i on* pContiguration, [in,
si ze_i s(Nunttreama VA g&ﬂ%‘ reanDescri ption*
pgt r eanDescr i pt gﬁﬂ%lllfﬁyn‘,%%‘i Reodg Femnt |
AG Encpde Al | ocat or* Suggest edAl | ocat or Properti es
%ﬁaﬁgﬂ%@z hig ¢ pllogpay SPP?)A@O@&& guery Ahq hgedygp £or its
pailitiss APf GreateqrsPest ehES WihgtEyen sandgwERtDder * *
. e Pi ipeGuid A GUID representing
%g‘n Cﬁ%@?'ﬁ%@‘%‘?'ﬁ@%?ﬁﬁ%ﬂﬁgdesi red. The list of
onfigurations_is obtained via GetCapabilities, and
Hg%s(%ﬁtc’}% k3 peddhdds 1S *associ ated with public
do¢ufrettiatct gfretiarcdesc i iesetietessary details about
the configuration. Format Guid A QUI D representing the
Rarameterof t he eventual encoded bitstream Many of the
enggggoperations |ike Transform and Quantization have
f or matensAGIukides@ibBsMB ke bOpGINahrrdink R JabSRer} RMIALA by the
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it noreddiidd. The hientoty Ballb@vel By 6 cfliepLdndniodl be edl@BEY by the
Nuntt r eedatier bkinp CoTadkMenfHuée. and out put data streans
associated with the pipeline configuration. This is
Retyrn ¥auBy the pipeline GU D in many cases.
pC8nmPKgur ati on A pointer to static configuration
propdnbdtes wgsShcessfidescri ption An array of structures,
oné_@EeTOstWEMIGRY hat descri bes the data fl ow ng
t hr odiginctivrawasurablerte aBogtrasteol tb octandhdhispeGUIPs The
caFL&d( codec application) suggests a certain nunber
of bUfrablesto(dsterhmedis supported rapsioe configirationh bedawse of some device
di ff er epiirorst r eans based on its pipeline design. .

:gAct ual Al |l ocat or Properties The driver specifies the
B2 fpethoematsr queue size based on resources it is

BOTE o0 Et Hel... and ot her considerations. The :
as SewapLdiand. isSzel atocdulre) appi+iwatab on W || abort use of
thi’s interface if it cannot build an efficient
PhrRfletdie Wi th The buffering (allocator queue size)
avapl ahl e. ppEn code Qutput encoder object. The caller

F : . ) .
‘o Eagzﬂ%gfﬁﬁa. RSk G B RN R &y e
Vi gggmgncode Accel eration API

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 :
Return value describes the size of pGuids array (next parameter) returned by the
function.



Return Values S OK Function succeeded. E FAIL Function
failed (probably for lack of resources) 3.5 Data

womagewsies: | Vi deoEncoder Servi ce 3.5.1 VA2 Enpories2007/004638

MECaps typedef strUct _VA2 Encode_I\/ECaps
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macr obl EWE 'g notion estimation. In
@@{,Hggﬂhgg i f variable nmacrobl ock sizes are
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V,"\A/é e §E<§e‘§sﬁ1?i gﬁrgtlrgc: B(ree and to uée t he
R
el ATl nAREL b U RRGLRLURR; .

gt %E tI) Ia%lfgnhﬂg tﬁ@uﬁﬁ@&e‘?ﬂ rhérlgs%%glsg Qf USI en qor Iscl)'xhr(r)?

h|nts rom-t cal ler ts notion searc
1.0 pagéiSedrahProfiesal | er may set the Hi ntX and Hi ntY
‘menbers of VA2 _Encode MddeType which is an Execute
RaRid gu.atio8n;:pat amet er. MaxSear chF\/ ndowX Maxi mum
I e Bkl varge rebntsear chWndowX, a nmenb

TEndode’ SEarENBTURN ]5mvﬁﬁ‘“’df’rsemhpr°ﬁiﬁf**o"r?eaf—_“értmﬁ‘h]f? on
confl uration paraneter. MaxSearchW ndowY Maxi mum
Pargaetays| ue of Sear chW ndowY, a nenber of
VA2Cemeode_Sear chBounds, which is a Mtion Estimation
conf iRpuratvialoe dpsurikeethe rsize MErGUidageAl @bkt festiariiireturned by the
al | owedfuncdidrh of i nput inmage. MaxlinageHei ght Maxi mum

al bsmechMrefilght of i nput inmge.
An array of GUIDs representing the search profiles supported by the device. The

search-profiles allow the codec application time-quality trade-offs more
effectively. The memory is allocated by the callee, and is released by the caller
using CoTaskMemFree.

Return Values
S OK
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.
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[out] IVideoEncoder** ppEncode
)i

Parameters
PipelineGuid
A GUID representing the pipeline configuration desired. The list of configurations
is obtained via GetCapabilities, and each of the GUIDs is associated with
public documentation that describes necessary details about the configuration.
FormarGuid
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 IUnknown::Release.
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Vi deeKlerBbelesipoMbd_Encode_St reaniType_M/0x2 {{define
VA2 _ERGAaRe oBbhemityieethRemt Ubheie/eXe supports variable macroblock sizes
when performing motion estimation. In particular, if variable macroblock sizes
are supported, it is legal for the caller of this API to set ConstantMBSize to
zero in the VA2 _Encode_MBDescription structure, and to use the
pMBRectangles parameter to describe the partitioning of the image.
MotionVectorHintSupported
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;
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3.5.3 VA2_Encode_Allocator

typedef struct _VA2_Encode Allocator {
BOOL ExternalAllocator;
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.
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The associated stream descnpnon structure may be cast to
VA2_Encode_StreamDescription MV.
VA2 Encode_StreamIype_Residues
The associated stream description structure may be cast to
VA2 _Encode_StreamDescription_Residues.

3.5.6 VA2_Encode_StreamDescription_Video

typedef struct _VA2_Encode_StreamDescription {
UINT32 Length;
UINT32 StreamType;
VAZ2_VideoDesc VideoDescription;

¥ VA2_ Encode _StreamDegcription;

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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Specifies whether the residue data is 4:4:4, 4:2:2, etc.
LumaWidth

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 _D3DFORMAT

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

"} D3DFORMAT;
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This structure is effectively derived from 1Direct3DSurface9, and carries state information

that allows one to interpret the 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;
INT8 Yi

} 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 y:

} VA2_BEncode_MotionVectorls;

Members

x
x-coordinate of the Motion Vector.
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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)

3.6.9 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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Extensioq 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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The pGuid parameter of VADDI QUERYEXTENSIONCAPSINPUT is set to
VA_Encoder_Extension.

#define VADDI_Encode_Captype_Guids VADDI_EXTENSION_CAPTYPE_MIN

#define VADDI Encode _Captype_DistanceMetrics VADDI__EXTENSION_CAPTYPE—MIN + 1
#define VADDI Encode _Captype_SearchProfiles VADDI_EXTENSION CAPTYPE MIN + 2
#define VADDI__Encode_Capt:ype__MECaps VADDI_EXTENSION 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).



The out put of GETEATENSI ONCAPS is encapsul ated in the
pDat a paraneter of D3DDDI ARG GETCAPS. The pDat a
w@ananaices i S interpreted as follows: CaptypeP@IUs®N7/004638
Type = (GQUID 4) . DataSize = sizeof (GQU D) * guid_count
Captype_Di stanceMetrics: Type = (GQU D *). DataSi ze

sizeof (GUD) * qguid countA e SearchProfil es:
Type = (\VADDI _ Eﬁ’&?&’éar%é/éﬁ%’r@%"@fi? i”‘éce'l‘irat’%‘f%lsl ze =

SI zeof (V- ADDI _Encode SearchProfil pt ype_ MECaps:
2 BB DRBARGACREATE BN SKaNHE VICE
SI zeof (VADDI _Encode_MECaps). APPENDI X A Exenpl ary
NedewmaEneaide happwk giagt P HADRP| CREATFEATHDDBPKREVICE call, whose
POREAT BEXTENSE NDEMIBEV:The act ual creation happens via
a D3DDDI CREATEEXTENSI ONDEVI CE cal |, whose primary
t&iﬁﬁﬁﬁrfﬁﬁf‘ PR TR B S POPETef st r uct

DESBROFURG CREATEEXTEMNSISONDEVI CE CONST OVI D*pCui d;
VAR SPRIVATEDATA* ppT et Bion; HANDLEhExt enSi On; |
D3 PPPRARG CREATEENTERSI ONDEVI CE;  APPENDI X A Exenpl ary
Vi deo Encode Accel eration APl 4.2 Encode Functionality
The actual extension unit functions are invoked via a
D3DDDI EXTENSI ONEXECUTE cal | . The instance of the
Extension Unit is already associated with a GU D, so
the type of the extension unit is already known when
the execute call is made. The only additional
paraneter is Function which indicates the particul ar
operation to perform For exanple an Extension Device
of type Encoder, may support MotionEstimtion as one
of its functions. Typically, the Extension Device wll
have a GetCaps function of its own that enunerates the
capabilities of the Extension Device. typedef etruct

D3DDDI ARG_EXTENSI ONEXECUTE { HANDLEhEXt ensi on;

U NTFunction; - VADDI _PRI VATEDATA. peri vat el nput ;
VADDI _PRI VATEDATA*pPri vat eQut put; VI NTNunsSuf f er el
VADDI _PRI VATEBUFFER* pBuf f er S;
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thearabilitipnafabe Rtaisio Pejufat i onPar anet er e;
VA2 Ergcogle %Dg&gtm(?Conf 'E%%T%ti onPar anet er **
R 1°GUF T T O )" VADDI - Encode_Puncti on_Execut e_| nput ;
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VADDI_rEmgedersunct i mmecgeecut e_Qut put Ul NT32

INURDA EEAT EHEFEF ST
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it QD Dl R B R vl T

AL QbAT in0dde ARktidn BxelueYADDI PRI VATEBUFFER t ypedef

struct _VADDI PRI VATEBUPPER { HANDLE() Resour ce;
DiNISHaREgGoU aakh Praex: Old N PBatneGir skt ; Ul NTDat aSi ze; 1
NADDDIPRGVATEENFHOBRX ARG B &t ustd tochcapyADBitheRRiramdEpart fe
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.



VO D*pDat a; LI NTDat aSi ze; ) VADDI _PRI VATEDATA; 4.3.2
D3DDDI ARG_EXTENSI ONEXECUTE t ypedef
WG kraa@deD8 DDDI ARGEXTENSI ONEXECUTE HANDLEhEXt enBimn$2007/004638

DI NTFuncti on; VADDI _PRI VATEDATA. pPri vat er nput ;

VADDI PRI VATEDATA* pPr i vat eOUt Ut DI NTNunBuf f er s;

VADDI _PRI VATERUFFER* pEuf AEPE]

DADDDI ARG _EXTENESemmiaxE¥istes; chy%ﬂ@felqrmmm ( APl ENTRY
* PENDEDDDI _ CREATEEXTENSI ONDEVI CE) HANDLE hDevi ce,
ABHONAPRI RRIMATEEBWEFERDEYI CE* The hDevi ce par anet er
refers to a D3D9 device, and it is created using a
?@aqleif st DIPDBLERERTEREVI CE. 4. 3. 3 FND3DDDI
DESIROYEXTENSI ONDEMoGEe1 ypedef HRESULT ( APl ENTRY

. PEND3000I _ DESTRGYEXTERSICRDEVI CE) HANDLE hDevi ce,

HANRLE hEXT ensi Onpa}asized. 3. 4 FND3DDDLEXTENSI ONEXECUTE
HYPEFET HRESBLT ( APl ENTRY
t?@EAIsB@B(DIADIEﬁEN@b@IEXECUT E) HANDLE hDevi ce, CONST
DEQQDI ARD_EXTENSI, ONEXECUTE* >,

UINT DataSize;
} VADDI_PRIVATEDATA ;

4.3.2 D3DDDIARG_EXTENSIONEXECUTE

typedef struct  _D3IDDDIARG_EXTENSIONEXECUTE

HANDLE hExtension;
UINT Function;
VADDI_PRIVATEDATA* pPrivatelnput;
VADDI_PRIVATEDATA* pPrivateQutput;
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;



4.3.5 D3DDDI _DEVI CEFUNCS typedef struct
_03000| DEVI CEFUNCS PEND3DDDI _ CREAT2EXTENSI ONDEVI CE
WOENDI@BD _DESTROYEXTENSI ONDEV/ CE PCT/US2007/004638
PFNDBDDDI _EXTENSI ONEXECUTE 1 D3000/ _DEV/ CEPUNCS;
,,,,,,,, pf nCr eat eExt ensi onDevi ce; pf nDest royExt ensi onDevi cel

pf nExt ensi onExecut e; BOPIX9616
PCT/ US2007/ 004838mplaxpiikigol Bacpd=Aeselsration ARldeo Encode
Accel eration API 4.4 D3D9 Structures and Functions

414e DIDOSEInugtDEessanddtunstiansl cal | back represent a
generic D3D nmechanismto obtain the capabilities of an

T feIsiiaE DB Surds Yipe delibacintepresEil GPPh<TARS 13 Yichanism to obtain
thS3EAphWi GARDF Gl ERsdSdIBAEINESUl DCOUNT- 31,

D3DOCI CAPS_GETEXTENSI ONGUI DS- 32,

\@@@D@@l@@j@@l@@%l ONCAPS. 33, ) D3DODI CAPS_TYPE;
tY%Qﬁ&P§Eé’Tb@ENSI&BMNQ\RGGETCA«BS {

}ggwtggﬂExTENsmg}%Es V(] D* pl nf 3’3 V(] D* pDat a
3

typedef struct _D3DDDIARG_GETCAPS

D3IDDDICAPS_TYPE Type;
VOID* pInfo;
VOID* pData;
UINT DataSize;

} D3DDDIARG_GETCAPS;

5 Exemplary Programming Model

5.1 Pipeline Efficiency

In order to achieve maximum efficiency, the encoder application is structured in such a
way that both the CPU as well as the graphics hardware is fully utilized. Thus, while
Motion Estimation is in progress for a certain frame, it might be beneficial to run the
Quantization Step on a different frame.

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 buffermg 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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if (Head == Tail)



Enpty - 1; Beset Event (Not EnptyEvent); return S_OK;

| Vi deoEncoder , Rel easel | uf Eer (TyPe, pEuffer) if ((Tail
WO 200FHeed)6 &% : Enpty) return STATUS FULL; pQueus(mypm)7/004638

(Tail) .= pBuffer; Tail++; if (Enpty) Enpty . false;

Set Event ( Not EnpeyEvent); return B Ck; The foll ow ng

sketches out the codec' s fARPERRBRAAti on of

Processl nput an&xfmpless¥idge gaeode/Accelptatiop gyHlenent at i on

| s Blacking,contrary Lo normal semantics

Coéeﬁﬁe:fiing @saﬁﬁp,uﬁéﬁeﬁhﬁﬁuﬁtﬁf; pé fnput) )

CGe IxpeUncompressed, pYUVBuffer, true); WO

20?33%5%%%@%%11?%??@@%&&&9%% A Exenpl ary

Vi qagcomggg‘ﬁmé%%ggfgzt.ng%uéExl, ResidueBuffer, pEvent);

Get Euf f er (TypeMbt i onVect er, pl\7h/Bu?fer, true);’

@ed-EufLard TyPeRasIUES 0. RSS! dueBuf fer, true);
p%(og,gYUVBuffer, pl nput. ' mage); Execut e( pYOUBUf fer,
e

hrent
pMyBU SR ‘YueBuf f er, pEvent);
Cedec%;ga‘g? FRyE e LR o RENV U= e rre_iydokiBerf=f er
pReei uefiuffer, pEvent) ;
Ce CPBPLPrEt eSEIR it | Nedi taBURfet=paist putvynt) f
‘(Codecgxebt e. EMpty()) pQutput. OMl ags =
DV QTR DATABUFEERE. . NCOVPLETE;, return S_FABSE;
CodeepueuevDegimeere{ipy| rvaufberen .p[ 41/ Buf f er,
pReaiG;iuﬁBMf_ (fr%rggmargye@fud) ;,ym%()gfve?t );
me B toer p uf fer);
m%%g%%f%mﬁfeﬂe%‘?%d’é‘%ﬂ&?“ 8" pEesi dueBuf fer) ;
}ReF§a§e€BEff‘f er (Typeuneenpr essed, pYOUBuUffer);
Rel easeBuf f er (TypeMeti enVeetor, pMEuUffer);
st éscaneligfni terigTDjqredRéation vé CodgRPsiceistput frat js;noh-biekihgias is the
WhMal ternate i npl ementation of Codec: : Processl nput
that is non-blocking as is the norm Cedee;
CPr e E8EETRPULI LTI EBATFEL pi nput)
if (GetBuffer(TypeUncompressed, pYUVBuffer, false) == STATUS_EMPTY)

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

return DMO_E_NOTACCEPTING;

if (GetBuffer(TypeResidues, pResidueBuffer, false) == STATUS_EMPTY)

return DMO E_NOTACCEPTING;

memcpy (pYUVBuffer, plnput.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 multiple 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}) ;



i f (GetBuffer(TypeUnconpressed, pYUVBuffer, return
DMO_E_NOTACCEPTI NG, Fal se) == STATUS EMPTY) if
w@ gt Baicier ( TypeMot i envect or, pt AMBuUf fer, fal sB)T/682007/004638

STATUS EMPTY) { return DMO_E NOTACCEPTI NG i f
(Cet Buffer(rypeResi dues, pResidueBuffen, false) ==
STATUS EMPTY) { APPENDIX A

Exemplary Video Encode Acceleration API

SelectMV (ppOutputBuffer [n), ppOutputBuffer2([nl):
ProcessInput2 (ppOutputBuffer2[nl);
N4+ ¢

}
SoftwareThread()
while (Streaming)
ProcessOutput2 (ppoutputBuffer2(n - kl1);
VLE (ppOutputBuffer2(n - kj]);
Bitstream(ppOutputBuffer2(n - kl);

}
}

In the above example, software will be blocked on ProcessOutput and ProcessOutput2 half
of the time, clearly bad for pipeline efficiency. On the other hand CPU utilization will be
quite low, and the overall throughput is still higher than non-accelerated encode.

A 3-stage pipeline based on 3 threads will solve the serialization problem as follows:

HardwareThreadl ()
while (Streaming)

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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pi peline as before, requestsChMMB| e notion vectors

and resubmits the best one. There is inherent

\?\,ﬁr :lgl I( g{:\fnlé%ﬁphg%ﬁﬁgsz ﬁﬁﬁ&ﬁ?#ﬁw@gﬁﬁq‘% )[mg device for a

Pr 0GeRs | dheblinRricasietdsidnf serlied, )the method comprising;
PracessQut put (ppQut grpt Buf fer | n)

2007/ 1008F6PETEU8Y0 /M(Sl&%glCRF‘WE\IBP%I%Fa’ER’éW? one or more

208 ceelig APl id .
Sel lk:ﬁ(: %Aputev éu?? d tp())OJlt %I:ngufnfngief[lenrﬁt?t%on specifics 0

Pr oae&dempunh@gb@mput Buf f er 2En1) n++;
Sof t war eThr ead
Proces Sdﬁsgapilglépt&ﬁeﬁ v%n% n]('n W}‘e queries, the video encoding
VL Bapgedapioh Befvies: 2(n - k() ;
interfacing with the acceleration hardware to obtain the
implementation specifics;
responsive to receiving the implementation 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 opera"cions.

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.



Bi t stream ppQut put Suffer2ln - kl); In the above

exanpl e, software wll be bl ocked on ProcessCQut put and
woremceas@ut put 2 half of the tine, clearly bad POr/US2007/004638

pi peline efficiency. On the other hand CPU utilization

will be quite low, and the overall throughput is still

hi gher than non-accel erated encode. A 3-stage pipeline

based on 3 threads will sol ve .t3ge serialization

probl em as foll ows: HardwareThreadl () while

(Stream ng) LoadFrame(ppl nputsufferin));

Pr ogesalTHeuidegdd pliBUf,f Whérein thdBand\WanBdier §a4%k)comprise a get

whi l e (Stream ng) Processoutput(ppoutpunuffer[n - | )

kI ] papabalities Weﬁb@n%uylgqg@pequgw_edkp]lplementatlon specifics include

PPOYHB | -4 PLasess! ta( t 5 nineli

ki) Sgligdﬂvéé :'{Fﬁérég%tg?){;’\%ﬁi e ?@%r%a%’%%)%b&%‘f “hbding pipeline

Pr ocesgwration( ppQut put Suffer2in - kl -

VLECpp utSuffer2¢n - kj -. . .

al t3tr (e);f b °6§P1§‘5H‘f %rWF%reln Kie on§ @5 fppresiyrrios; gpapRyise a get
ar e dtfdicpahéties Huafe ind adthréinaeadived ithplenehtaiddeshetdics include
pad between the two hardware stages. Hence g)g(etv\n )
val A¢SSRIPLQR) ok Sne\Rh BETS7IeREIE TS BEH WBPOHIY Goabse/idep encoding

- ChldBatioAnIRIVAAE 168 mbBSS bstRAkfidbbpotatibmy, ement ed by

a conputing device for a video.encoding acceleration

ser 9i ce, Thehmethadeldimohpvheriekythe one orrmaexs quastps ¢symprise a get
the _yj [ I [ : ' r .

e LR BRSO, BR8N O 6Ly B ABR R pBTEs il
| npdesteipti@ni of oaperi hoos s@fclapoafiles atipportdthbygvhe ejideo encoding

responsi ve ta recei Vi the one or nore querie t.he .

Vi dBECIRDaR R AL, oS o, oF dfigRecasareh profile allomige e video
W t BnédiRr a6 ¢ehRER indleharnitdne spdafi® bhat-bffsRtween video encoding
i npl ement.ati on specifics; . responsive to

r ec BTSACHYDE ENGSRIdetieer SRGogHPesBEItY M omuni cat i ng

t he7i mplBE Rt dPRla3RCE] WheRid thd BRe \Urd86reL QIR corfPitke a get
wherein the inplementation specifics enable the video )
enc oudiond gstimgtiem rwapakilities query, and wherel(l aleceligedrimplementation
whet ner s 0D ‘%nc%%xé*%%% Pnfdiéa%%gdonangr ?rﬁo%%'&fymg%ﬁ%t s‘ﬁgg&ted image
encOdi g operati ons associ ated W he video encoder

cansire, nuximageduppdried sqtdmaniiddw aizepfand paiddicatioar of whether

encodi i pelipe of one or e supported. encodi ng
pi péF‘FeR%aEBES'? %fPiSBHQO%YPrggE)%B‘iaFHPOt ‘?1881,‘ SERY
(b) 8i nplEERbtHIAC IR L forthaf cApASihRY Pi pel i ne by

interfacing wth the video encoding accel eration .
servi ce. reEetvagmdshdhecVidiem encegies eperelorationf fsigice. a request

enc i iginBREEA I rABAAEAHBbh $Brameters to create an object that implements
the particular encoding pipeline; and

responsive to receiving the request, creating the object based on the
configuration parameters, the encoder object for encoding decoded source

video data using the particular encoding pipeline.



one or nore of notion estimation, residue conputation,
noti on conpensation, and transform operations. 3. The

waoredohoaeed ai m 1, wherein the software encodi ngpCT/US2007/004638

operations conprise one or nore of noise reduction,

I mage stabilization, edge detection, sharpening, and

frame rate conversion operations. - 50 - 4.The nethod
claim1, wherein the one or nor¥l queries conprise a

get capabilities query, and wherein received

i npl enentation specifics include informtion

assolci atHe mfetm)dt meinoa,ewheremﬁt}m mﬁggmij@d Iﬁmeﬁ\z;]sgspecify one or
pi pel i ne configurations, S.The method claim1, erein |

t he FATE QN HBRRICH R EREQipg RRAISE. 40 GUPUH FaIpish G encoded video, a
et hiGhed USH Y40 adila WiRaRIsN £é1e a8 RRionMRi#TRIE §lak®dhlar encoding
specifics include a description of one or nore search

met Pipgine, piadict conligyration propedics fop dtagpodaiivnl ef lmaand chroma
har @\Qg{eg Bpguggggt\%ﬁ%u%elr'@{ 480 SRRLEH OB I/Cp 'dagéhgtreams, and a
met hod ¢l ai m-L, erein the one or nore queries

conplevee duivge spadfied Qupreaiid eesed varayailatid redoaraesn

received j.npl e tat.io cifics.i.nclude a

desd®t pt i#&p@ﬁﬁgﬁéﬁlﬁn ﬂoé‘gtﬁgre‘é?rﬁwlﬁ%ﬁ‘ il es supported

by the virgeviaBCBdithe valeoedrRbaingOst BRI AW SorvicBEeitBite requests
or nore search profiles allow ng the video encoder to
evalepgdt @ SeiplodnBaeEctsn Spwcithe cvideadencodes B \eEepite requests
vid y : g . . o
qualT Ty e RELPLAGRAGN b RS B i AAHAr S Ring pipeline to
one cocodmdesogad sdese vadgordagd a get notion estimation
capabiligées guery. Pnd mheaﬁin recFived . g

i ol enentSEC8RVE pdL i FrEYme, (i B¥STaa TTRISHEar g Visise . encoding
or nmoédewfiondsiviten supported i mage si ze, naxi mum

supported search w ndow size, and an indication of

whet her accel SPEYREHCADETE: eXSUiR Brauests gidaHiceParameters to the
bl 0GKcSEbAm®i®n hafdwdide Method claim 1, further

conpri si ng: _ receiving, by the video encoding

accel eration sesjyisg, regpansgti@siociated i ghe cemmuyficated execute
confj {4 I . t n obj ect that

inpfé ﬁﬁgﬁ?ﬁgﬂggggﬁ%ﬁﬁg?B%ﬁ%%ﬁ%ﬁgdgipeline; and

responsi ve t o foeeaiingnie rdsponegue shie videeaheadyrt he

obj ect based on the configuration paraneters, the

encdder o] SUPPHSFTETRBS; g‘&ra&é‘c BYPEIPIR ST ATRRFISH NG P IRHtgr - Program
usi ngsthligiopakkéaatie bncadiagofopel i ne.  -51 - 9. The

met hod claim 8, wherein the configuration paraneters

speci fy GABUBRNIGHIRE. oY toh&ideqr eneqdlesrPregkasdigdule, one or more
pl p . .

o 78, 2 Pl o B Bt S i 1) (00 CdpHBRRLes of one
par tor cuprer ok mislsdi engogdingepipakine sonfiguratons podicapabglities supported
pr o ti r dnterpolation of luma and chroma
vaIE’é?mgégﬁgﬁgg?gﬁa%ﬁnber of data buffers for the 1/0

data streadponsivedt@ gewiviegy dhévedpabiléidst ifetn gtheu &iddoz encoding
based gn avai | abl e resources. 10. The nethod claim1,

f ur PHEFICTAYPSEEY 1Ry, the video epgoderyi ng, by the vi deo

encodi ng acceli@smify BB, BN ich8he 8XSubilifes; 86 66 hibrdPflled encoding
set of paraneters fromthe video encoder, the execute

r eqRPSTaiians prsirsediwith the Vidrerencoderstha walé pereftt fygm jene or more
the o?%ﬁéé&éﬂﬁcﬁg%eﬁg‘s? ‘?an{}ﬂex%'?@ggg;sﬁhé %cféi&%%n ﬂﬁﬁd%??;he

source vi deo sive to receiving
execute requests, the video encodi ng accel eration

servi ce: communi cating the execute
requests and the paraneters to the accel eration
har dwar e; recei ving responses associ at ed

wi th the comruni cated execute requests fromthe

accel eration hardware; and forwardi ng the responses to
the video encoder. 11. A conputer-readable storage
medi um conpri si ng conput er-program i nstructions
execut abl e by a processor for: comuni cati ng, by
a video encoder program nodul e, one or nore requests

a o o - oy



- 52 - requesting, by the video encoder,
the video encodi ng accel eration service to create a

wesromecred vi deo encodi ng pi peline for inpl enstit/Usao7/004638

the one or nore video encoding operations via the

accel erati on hardware such that any renaining video

encodi ng operations are inplenented in software. 12.

The conput er-readabl e storage n#lium of claim 11,

wherein the one or nore video encodi ng operations

conprise one or nore of notion estimation, residue

conput ati on, naqdeonng;diypmﬂsadé(ocncoﬂeﬂ the am&mnm)dmg acceleration
operati.o 13. The conp % read bl e storage ned]

of CFRYink 10 Crep ACUSIAE & PHRSYPE 16b dPRlpmenting the

operciel ANEOLOWRES %ﬁc&ﬁ? @beﬁﬁbﬁs 9fa tRRIaSEe1ERHHA Hafware such that
i mge stabilization ge detection, sharpening, and

f r arfBYISRBInBE v ilesi coaoGpacReTatiess arelimplamented in software.

COMpL ef -FRANGRL SR IOIAOR ALY Mufi! FldBidd 11 Viioﬁérannme one or
t he conput er - pr graniinstruct ons reques

f ur trhere 'cldmp renseding stpermtoins rts>rriprrsedmneemt rrmge tolﬁ emmmie estimation,
encodi acceI ation.service t e custon ze

T GaSh il B R B Ph PP HET iR Srilo i Feii B rabhRs

systi8m nENiY yorapetegiedhblesstolaye efedimiweldimh M, WhdréBthe one or
15. The conput er-readabl e st orage nedi um of cIainill

f ur A Ekﬂ?ﬁr‘i’@oﬁﬁlgc Sﬁﬁ&tl@’ﬂs [SPBY &N Qf’r‘i’s P’r WRQIEpfs noise reduction,
eX€GHadb| Qabi¥izhtish, PERECASRELH L' sh dﬂ)&{né h‘gte conversion
vi deo €ncoder, encoded or decdde source vi deo

and operationsf received source video data is encoded at

| easty par I 0 en the

souflce vr%ﬁeﬁl Jgﬁpqﬁ ‘%@%"é? a%lto;ageco % %oﬁfcgal\gfi dleo wherein the
dat aohnpruteneogangy dm}nmnoﬂs‘i ﬁﬂdnque@iﬁﬂgeﬁhtthéf eahprlsdihstietions for

vidgg FCOd ngwgcceler tion service, the encoding

obj éBTCHRI BfieHEFASTERTPELATHITURR FFTe A BB tfig ghe customized
pi pelidde encdcﬁng ThipeEITRUEIS thate agtabhews bakRes gyeﬁtinii Mhéhory and
claim1l, wherein the conputer-programinstructions

fur t&t@?hle%ﬁ?}rlr:%@emmm@rmanéect or encodi ng decoded

sour Vi i 01 £N&0sl]

pi pe%|6ne wc(gff)&ep%fag%te%%%gtéi ng léﬁ\%ifcéegglorl‘r%ri si'n E{‘Qomp rising
I nt eofrasitergpnogeans ifsgructons ckeoumbha)bijr tig mrocesser fotri on

From a G RCBage vidRe BRES oRpred s Aeredcd Eurds video data

requedting the video encoding accel eration servrce to

identify . jnplenentation specifjes of acceleratio

har dwar e, 1* FHENMERPIONHENY dE? Stasiseicptied; ot deast ﬁarsiailaigdecodm& by
t he tué dﬁﬁo%@ﬁ@@ﬁf tHelsoufé® vﬂ@& %ﬁfﬁ‘ 18E ARk BECRRE sBlirce video data
nore of speed and qual ity of software encoding

oper ferx Pwl% §Iz§ @nzneadingtabiedh ereateibby ehrcvidep coaeding acceleration
I ncry A [

o1 P gt ot adohel TBINCE ol ibnil 30t llolig & 60" bncoding
conﬁngﬂn@tions and capabilities, and (b) inplenent the

part uI encodi n ne via the.vide ncodj.n

accél ra?ﬁgh QSHWﬁ%é%F%ﬁé%c§8%%8e85§88n38 r @nbﬂdeoWhmfulthe
dat %onﬁiim@éryplbgfhn@(?ﬁlﬁirﬁétﬁiﬂso 'ﬁuﬂﬂl@é’rd WBhPrik® RRtrattbdsh®r encoding
i npl enent ation specifics; conmuni cat e

i npldsppirdagausee videe rlﬁiad@mge@eicvé@rmz%i/idﬁe encoding pipeline.

accel eration hardware to the video encoder. 18. The
computing device of claim17, wherein the software

encodi ng operations conprise one or nore of notion
estimation, residue conputation, notion conpensation,

and transform operations. 19. The conputing device of

claim 17, wherein the software encodi ng operations

conprise one or nore of noise reduction, inage
stabilization, edge detection, sharpening, and frane

rate conversion operations. 20. The conputing device

of claim 17, wherein the interfacing nmeans farther

conpri se neans for the video encoding accel eration

servrce to: receive a create encoder obJect

o, r T o o,
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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.



