; e3eXxhl XuDDEdFRNGH6!1 Thl S© B WD 02/ 054772 PCT/ US01/ 49497 METHOD OF @
PERFORM NG VI DEO ENCODI NG RATE CONTROL USI NG BI T BUDGET RELATED

APPL| CATIVON82/8547Thi s patent application is related to con®GAEAI/HA9Ti | ed US
Patent 10 Application Serial No. , titled "Method of Perform ng Video

Encoding Rate Control", by Kimet al. (attorney docket no. 042390. P10264),

filed on NSER .
titled Met hog?ng)r%f or mﬁﬁgwgegk%égﬁdggb@ﬁ Rﬁ@?n?wfﬁlf 'kgtl?@?
Estimation”, by Kimet al. (attorney @B@E t no. 042390. p10265) filed on ,
bot h assigned to the assignee of th i nvention and herein

i ncor porated by reference. 15 BACKGROUND The present disclosure is related
.to rate control of the encoding of video |nages“m\ﬁwmmm“m“‘s wel | - known)
vi deo encoding_may. be perforned by any one of a ari ety of

t echni quesﬂgégidﬂegb&ﬁllg&that are frequently empbayed conply with
certain established standards, such as the ' MPEG (Moving Pictures Expert
Group) and 'H 26x' standards. These include the following: ITUT "Video
coding for low bit-rate communications,” |TU T Recommendati on H. 263,

versi on 1, Nov.THispbtentdpplinationis jatacitn carzagentyFied US Patett ng of Moving 1
WO 02/ 11S. 1772 PCT/USI Il /-1997 Pictures and Associ ated Audi o | nformati on:
Vi deo, " | S&pplicatie8SegialNol nt er nat i onal St titleddMitiaiDéf Perfaimiirgpdideg of

audi o-vi sual (Qbjects-Part 2: Visual Anmendnent 1; Visual extensions,"”

| SO | EC 14ERACeding Ratd Confrold dbyKinyettal. (aktothey rdesketato. 042390.Pe0284)efiled 0
specifically as H 263, H 263+, MPEG 2, and MPEG 4 s and generally as MPEG

and H. 26x, oferei nafter. Such suademesicurientefiletd US Pateme Applicatibh Swilabynt ax
so that any standard conpliant decoder may be enpl oyed to decode the

encodedoVvi N@0. Thi s provi des tiget: t\ethad \of PBrferniifg MdescEncoding Rate

Control Using Motion Estimation®, by Kim et al. (attorney docket no.

042390.p10265), filed on , both assigned to the assignee

of the present invention and herein incorporated by reference.

s BACKGROUND IEAORIAT

*159159*

The present disclosure is related to rate control of the encoding of video

images.

20 As is well-known, video encoding may be performed by any one of a
number or variety of techniques. Common techniques that are frequently
employed comply with certain established standards, such as the ‘MPEG' (Moving
Pictures Expert Group) and ‘H.26x’ standards. These include the following: ITU-T
“Video coding for low bit-rate communications,” ITU-T Recommendation H.263,

25 version 1, Nov. 1995 and version 2, Jan. 1998; “Generic Coding of Moving
1




| arge anount of flexibility in ternms of inplenentation. 10 Rate control,
such as bit rate control, is one of the issues not generally specified for
t he vi deovenziosligrs therefore, naking it possible to provi RETIERO1/d2M9AbI | ity
to enploy a variety of different techni ques. Furthernore, applying rate
control may_inpact the processing of video in several respects. In one
respect, ratistuehandAssagated Audisl lofesmation: ider alSOMEE 881&8nst rai nts and,

t hereby, prevent is overflow and/or underfl ow during encoding and, in

parti cul ar,InteinationaeStandard 999, aedl'Coding ohppdipevistuiab@bjectsi RanRs¥isuain  anot her
respect, rate control may al so inpact picture quality. In addition to rate
control, thamenamenbtNgsugaxtemsioes s ISOAECTEMIBE: Daaft etldliaby6,aa00encoder
.during encoding that may result in various |levels of image distortion, and,
t her ef or e, respedtivelyereferrenncseciibelledOHE63| H. 268y, MREG-2nBsd MPEGlgf ficult to
i nprove the image quality to an acceptable |level while also neeting various
+desi r ed sconmid génwrally ssUIPESSand Ar2eaxadRInaften QA lstdidardaudewtbverepl oyi ng an
appropri ate anmount of delay, etc. 25 2 WO 02/ 0y772 PCTI US01/~9. 197

Techni ques @finetbit Ardaal ayeax édi@aeasPsGhdsiddniiant dedudmal ®ePr OVi de
acceptabl e or desirable solutions. anpl es include enpl oyi ng Lagrangi an

optim zat i %}n@lb}@d’fbaaédbdartﬁ@é%&eegflicfé&fmé Eflﬁﬁq%syenlcpeé\%vﬁ{h’a Felrté‘tl?/gly

techni ques are frequently or typically conputationally conplex an

therefore, '%&ﬁﬂ%m of ﬂeﬁbﬁiﬁriﬁ%rﬂwfs &fﬂﬁg?g‘%ﬁ@f processing resources

consuned by an approac urthe dependency that typically
exi sts between inmages or inmage franes in the processing of video may, at
ti mes, make addressing such issues even nore conpl ex. For exanple, the

di stortjon of t rrent frane. depend at | east. in part on fhe

sel ecti On of qugﬁﬁtﬁgg?tﬁﬂns L "ﬁg{%ﬁgorﬁa}, '%)98%9?&‘,6 IpYfesRL gfﬁerﬁb%vi ous
frame or franmes. Therefore, a technigque for performing rate control in

vi deo encocﬁpﬁﬁﬁlﬁﬂl?retf’g ngg;n&BWUH}ﬁr%%ma)}q 'ﬁBP%&bl?ﬂ%Hmﬂl‘j@\m%us or state
of the art a F)@S/ches, but that ?I so bal ances at | east some of the

f or egoi ng 6@58 e SRRIRER yeTigh o differepd dgghaKiues. Farthesmare poptyingnateN oF THE
DRAW NGS The subject matter regarded as the invention as particularly

poi nt ed outCORHA! @RY IMPRGt e BlogessiRn Phviderincssveral #espgcisor® 0ba respeche
specification. The invention, however, both as to organization and net hod
of operat i date easdiel may beeenwieyedots] reaintain beferinosstraiatscansd thenetyg esevieinér eof |,
may best be understood by reference to the follow ng detail ed description
when re@d waverlavhandocungeadtow dgring envdadieg and, whparticulet, @ cdnriestitn itk di agr am
illustrating a video encoder that may enpl oy an 2s enbodi nent of a nethod
of per f or mragj-timel epplerations. ngkewite, in@nbthek respient rdtetcoBtrol may also impact

picture quality.

In addition to rate control, there are other parameters that may be varied
20 by an encoder during encoding that may result in various levels of image
distortion, and, therefore, impact performance. Therefore, it may, at times, be
difficult to improve the image quality to an acceptable level while also meeting
various desired constraints, such as, for example, a total bit budget, employing an
appropriate amount of delay, etc.

25



WD 112/115-1772 budget in accordance with the present invention;
PCT/US01/-t9-t97 FIG 2 is a series of plots illustrating the relationship
bet ween mOMBF4GZKk SAD and bit count for various picture tRETESO1/E492

speci fic nunber of quantization s bins; and FIG 3 is a table illustrating
t he conpari son er f or mance ranmeters between the (2 control approach
and an enbodi me tecgf"qu?rEi"ﬁbt& @?ﬂ%rthwml%rﬁw%emrﬁ@pmwé contr ol
using bit budget in accordance with the present to invention. DETAILED
DESCRI PTI ONOCRPIERIE ¢TAgshRPIRFoEicas| Eyameiesingudeempioyingrlagsangiar fi c
details are set forth i s in order to provide a thorough understandi ng of

t he i nvent i GHMIFIREVE Aynamicpograsemipg. anget@dm hpyeverosechstechmiades n t he
-art that the present invention may be practiced wthout these specific

det ai |l s. | rerefiedrenthseriiipieally camputatinnaiy nempiedandpthecafds; espensiteponent s and
circuits have not been described in detail so as not to obscure the present
i nventi on. tagnpetihecamoynt oépmcebsing rasodexesaoosainad by atieh anmppmlachay be a
feature of a video encoder. Although the invention is not limted in scope
in this redpetiermpre, tmedepdraenopetiat tpicallyrekibistbetiegreiniagesiongmageleo encodi ng
rate control using bit budget in accordance with the present invention, the
vi deo bit rfensesimthe yeskteSingwf vidgomaleat tneodnake hddréssingdudrmissagesat | east
in part on a nmeasurenent of the 4 WO (12/0S~772 PCT/ LI SOL/-4997 vari ation

in pixel sigealmdrevimpiét UBs éxample 16 BRtREorPer the @0rreht fParké AR deprag bei ng
encoded. One rationale for enploying such an approach may be that the

| arger the gtaadeirOpary8hitdd sQ8ction dliqu8htiZatigRpardtets, Y& ! eater the
nunber of bits elrrp?aoyed to represer?%SI or' dlif?eFenti ast'e téﬁgﬁvgiéf’?@rtgﬁt pi xel

ool Kol el el e e Rk STUSNTAN By RRE BT
o o e FRE T U ARG D s P L P

art approaches, but that also balances at least some of the foregoing complex

considerations, is desirable.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention as particularly pointed out
and distinctly claimed in the concluding portion of the specification. The
invention, however, both as to organization and method of operation, together

20  with objects, features, and advantages thereof, may best be understood by
reference to the following detailed description when read with the accompanying

drawings in which:

FIG. 1 is block diagram illustrating a video encoder that may employ an

25  embodiment of a method of performing video encoding rate control using bit
3



is 20 25 IS 1S SAD = T1ll 1~~ 1 di,j]-R.r~+x+i,y~+y+]1 [''] ('.Y)ES ~=0

i =0 where (xo, yo) upper |left corner coordinates of the current nacrobl ock
C(x, y] omomemns47macr obl ock | um nance sanples R(x, y] recoSHyusdt/dattdpr evi ous
frame | um nance sanples S search range: {( X, y) :-16 <X, y <1 6 As is
wel | - known, the SAD val ues are conputed in all or sone selected search

poi nts in tTHAGEEIR, RGGOIRACE WitB)INe RIGSERDNVRIMIMect or (MVXx, M) is sel ected
based on the displacenent of the search point which results in the m ni num
SAD anong all the SAD associ ated video encoding rate control to be applied
by the video encoder. Furthernore, although there are a variety of

t echni ques t hat Fitgy2lifea effigogfddots dlusisating bevealationshimbetweentmeadreblesk i on i s
-not limted in scope to any particular technique, in this particular

enbodi nent , SAR@nd &t ceunbier vayousepietseestypes farsi spgcifibausber of qudrgiahtinre

di fferences (SAD), which is enployed in notion estimation. 5 WO

02/ 0S. 1572 ¥ /ap801/ ~9~97 val ues in the search space. It is noted, of
course, that other potential nmeasures of variation are essentially a
substitute of the SAD. For exanple, the mean absolute difference (MAD) may
be enpl oyed in place of the SAD and should provide nearly identical, if not
identical, resulAG.3®etatfonlastrainghhe tbhepassdrssf gerfotmandepardineserar e clearly
wi thin the scope of the invention. In this context, the SAD provides

several adwsiwegethe Q2 cbhtréllapprsith APERIN SbeGmRAL bf DMetid GHpeddirhirgt | on,
and, therefore, introduces little or no additional overhead in terns of the

consunpt i onjigdo HRRRRHTRICERRPUSIAG Bit blilg&tUh bBESrIBAG wilPiHePte&St! Mati on
provi des information that may be Useful "in ternms of video encoding rate
control,, FQry&@AP! €, notion estimation provides information about

predi cti on node decisions, notion vector choices, and displaced frane
difference coding fidelity. is In this context, it is noted that a

nodi fication in quantization step size specifically results in an

adj ust nment i i rate, here the video encoding bit rate.
Ther ef or e, ALE ',SE '9?' e invention is not limted in scope in this
respect, for this enbodi nent, adjusting the quantization step size is a
mechani sm enpl oyed to nodify or adjust the video encoding rate. This
follows at 20 | east | art, fromthe observation that a hjgh quantization
step size provi e tallabing delaied deseringeR RuDsors sPes i detaifare e (ARt of
information to be sent to the decoder is reduced when enpl oying a high
quanti zBti di °§49ér5° grovide ?thW'"i ¥nderstanding oblhe iRkerdien; Hamlexer § will be
appropriately characterize the .

understood by those skilled in the art that the present invention may be practiced

without these specific details. In other instances, well-known methods,
procedures, components and circuits have not been described in detail so as not
to obscure the present invention.
20

As previously described, video encoding rate control may be a feature of a
video encoder. Although the invention is not limited in scope in this respect, in
one embodiment of a method of performing video encoding rate control using bit
budget in accordance with the present invention, the video bit rate employed

25 during video encoding is varied based at least in part on a measurement of the
4



25 rel ationship between the bit count enployed to encode a macrobl ock and
the 6 WO U2/ Us~772 PCT/ USUL/-1t9-197 SAD of the macrobl ock, at |east for

t hi s partwowbk/as47enbodi ment. Therefore, for different val u®ECTAISOHN49497

guanti zati on step size paraneter, here fromone to 31, these particular
paraneters are conputed for a variety of images. O course, this is just
one pot ent i @rakeR KoRise ignakisyelardues fer %Fe'ﬁcwgrﬁﬁ’éﬁ'orb‘?f aUEeR HeAGSHPRIRI may be
enpl oyed. The invention is not limted in scope to enploying any particul ar
met hodol ogyeNcPAEd efhedationale fos empiqying wthﬁrsawpwfbmawbeémﬁae 88 as

shal |l be described in nore detail hereinafter, the macrobl ocks (MBs) are

cl assi fi ed tB§ rangeeor ai@Ho i pixgl signaj levelavalugsathg greater themumber of bits ext |,
‘intra' refers to a MB coded wi thout notion vectors, 'inter' refers to a MB
that uses depipyedter i@prasenber dikereotiate e differant pixef sigsaltvalue I8&I(s bad uses
four forward notion vectors, and B refers to a MB that uses forward and
‘backwar & noti¢eoversact ors to reduce tenporal redundancy, although, again, the
invention is not limted in scope in this respect. It is noted that the
nodes al so provide information based on notion estimation that may be
useful in video encoding rate control. is In this particul ar enbodi nent,

al t hough, agai n Theeeforey estithigpattRul@embotdiniérd, althosigBPsf dodrsYMeoyi Ng this
parti cul ar nmet hodol ogy, the SAD is obtained after notion estimation has

been per f orifRshtio i€ Rotapnifdd ik @eomnrthiss@ww,idﬁreuéii@nbrhig%ﬁwgﬁm?r&yba lustrated
in FIG 1, except for intra macrobl ocks, of course. This point in FIG 1 is

20 chosen spuBat tﬁehfarign@ﬁirp,sixa%rdham&@wveﬁgﬁpim%aémn@rﬁ%es of motion

estimation may be obtained for this particu Ing this

et hOdOI00gyas@Bci@%W\ﬁ’@étﬁh?%c?Jdé@lcﬁ{é Ay B fehysel bmatﬁ% QQIeBCelﬁc@ﬂ? and the

count may be gener at guant1 zati on paranmeter or step 25 size. In
this parti - td sed - J i er or
Vo 021 o 773 e FUTGE e rd R Bl e bt T B b S RIAST
generated, although.this is not inptended,.t e limting on alternate

appr oaches 'ﬁf%ﬁﬂrﬁg?%ae“ogc etththeHEO'ﬂ)P@i“@ﬂ?a%ﬂﬁqp&{? aﬁéP@f"CP{? n, for each
different quantizatign step-size f.ron}?hnunb%r of macrobl ocks havi ng SADs,
the total rarEEguE fis BafEIRLEEpariment. the Walion makbe msAsyes sing

descri bed, the different nmacrobl ock t Bve,s may al so be enpl oyed. The

rel at i onshitpe BeRVRAbsauts di re@r:?se%‘bm{ RSP 1HBMDIRYRA It BadigpEstMation.east in
part on type of nmacroblock, in addition to depending at least in part on

t he SADSof the nacrobl ock, at least for this particular inplenentation;
however, as previously indicated, the invention is not limted in scope to

this particular inpl nt_a]tll N t.n. order to. nmake the data geperated
sui tabl e for use in VNHes ( })ﬂi, i 3‘3 e et or e T V8 desi rablld to
al t

guanti ze the macrobl ock SAD, hough, again, of course, the invention is
not limted in scope in this respect. For exanple, sone other enbodi nents
may enpl oy the foregBN®§ approach regarding SAD wit hout

20 (x0, Yo) upper left corner coordinates of the current macroblock
Clx, y] current macroblock luminance samples
RIx, y] reconstructed previous frame luminance samples
S search range: {(x,y) =16 <x,y<16 }

25
As is well-known, the SAD values are computed in all or some selected search points in
the search space (S). The motion vector (MVx, MVYy) is selected based on the

displacement of the search point which results in the minimum SAD among all the SAD



i s applying quantization. Nonetheless, the follow ng quantization technique
is enployed in this particular enbodi nent. O course, any one of a nunber
of ot her waiot/ed’® t echni ques nmay alternatively be enpl oye®CT4itd1/a9497 such

ot her quantization techniques are included within the scope of the present

i nvention because the particular technique aPpIied is not significant.
However, i rYalugs & the seareh srage-alt iNYBd; ehasurssy thab pRGA BPisgYial MeRsUes Pbwi ng
qguanti zation technique is enployed. index = SADI bin size 2s [2] s WO

02/ 1 11. 177vapatipruare gssentialtya sistitute phthei SAD =Fergxparme. themeanaksplide i ons
[2], "SAD is, of course, the macrobl ock SAD. Likew se, 'no_bins' is s 8.
For a gi verfifrrenee MAPbmaytbeemplered inrplads of therSAd archshould prayidehen
.desirable to average the bit count dependi ng upon the particul ar index.
This is il Inegarlyadesdichlyifntidgnticad, resulsl Ghepefdegench otheoautbstidutei ct ure t ypes
enployed, in this inplenentation, types I, P, or B. It is noted that such
-pi ct ur e 3 ypesasures argpdiedrydwithin drenstepeiob theninvéntidREG conpl | ant  vi deo
encoders, although, again, the ~o invention is not limted in scope to MPEG
or conpliance with MPEG The plots shown in FIG 2 illustrate on one graph
the relationship between SAD and bit count where quantization step-size is
hel d constant fdn trésicdntertpthiecdAD Qrgwdes duveral ativaedagey. Ass difeadf ami |y of
curves shown on each respective is plot. Using this data, therefore, for a

vi deo encodpimputéeay pdeef idtioh akmatorh@anaNperfed, Mivdbees/fié 86nd 0 take into
account the SAD of a macrobl ock, and/or the macrobl ock type. Mre

speci fi cal lagditinaficitédd RdetniEof tRE RbndHBRIN &HpréddsSingdsédtedracr obl ock

SAD, the plots as shown in FIG 2 may be converted info | ookup tables

(LUTs) FohathWrrHSre?H&g%H e%ﬂﬂaﬁé‘ilpbﬂ%l stoﬁna‘(t!yﬂEiHalerﬂﬁ?gsrungﬁ inrlgE'g@e 20

process of encoding video to app I deo encoding rate contro r these

lots, 40 Ky raga) [t - : J , alth h,

b “cour e, 4 RSB MEXonkBl Rirexaie, ridton BRMafoFBRMIEIES Bor ouch
nmbodi - i ng.: | ! 2 l'th h,

an embo 'm?trn'ftormg i$h gt?cldt%ﬁ%{f&ﬁ%?&dgéé?QXnWOt%ﬂvt% | s’%@@%&-é&‘_"a t houg

again, the inventionis ed in scope I'n For an i mage

9 WO 02/0Q 7 CT/ |1/ ~9. 197 Jframe, a nmaxi mum accept abl e
guanti zat i OcﬁSpi[%%e -%@%gﬁgr%%I C&(;gl@.f%FH&n, usi ng the index, here quantized

SAD, and the quantization step-size, fromthe | ook- up tables the rate, or
alternatively the bit count, is conputed for the frane or image. Here, this
is done on a macrgbl ock basis and then supmmed over the inage or s frane,

al t hough’, of COE’F g’és CrHext; H%?ﬂt?‘gwqté ’ﬂ%‘#l'%g%'ﬁpﬂ%ﬂ“?m'zéﬁ%ét%f’ﬁ'ztehi s respect.
If the rate or_bit count that is conputed for the frane is |l ess than the
rat e i ndi caPeafiggvirgaulls ip anastustmentela videe eaeasing 1ade. here thfudeRq zat i on
step-size may be |lowered to provide better performance w thout exceeding

t he budget .entadingsbifrate. ﬂ'hérecﬁQfﬁn@‘FWQhoﬁ‘Q%@-ége inyentirieisa@t imied Mesgnpevi ousl y
descri bed process is repeated 10 until the bit budget or rate is exceeded,

i ndi cat i ng in s respech frithis ambasimentepdjgsting the quantization step size is a

mechanism employed to modify or adjust the video encoding rate. This follows at
20 least in part from the observation that a high quantization step size provides
relatively coarse quantization. Thus, the amount of information to be sent to the

decoder is reduced when employing a high quantization step size.

It may in this context be desirable to appropriately characterize the

25 relationship between the bit count employed to encode a macroblock and the
6



reduction has reached a limt. In this particular enbodi nent, the maxi num
acceptabl e step-size is 20 for | and P type pictures and 28 for B type

pi ctures.wohepafitre, for this enbodinent, is the foll ow n@Cgsute4@dde nay
be enployed to inplenent this enbodinent. For (1=Q rnax; 1>= Q mn; 1--)

| sumrate = 0; for gi =0: | <N; i+£(gJ [. 20 for g =0; E%:M j++) sumrate +=
RATE(i ndex)SAR pf the m QFOP‘OGE'L%"?%? Bhia péfticuar Embodiment. d;wegefqrp, for your
desired @ for current frame */ N, Mare image height and wi dth divided by
16. NxM r eptiéerent wivemefer aantizationsiep izs Rasameteamere am ong © e fiassent s t he
estinmated bits spent 30 using the index and Qo relationship. Budget is the
al | ocat ed Haricuarparaaeteny aemtonmpwae for anvasiehpeiimages.wPf powseattbisds jushe art
-approaches to adjusting the video bit ~o WO 02/ 05-L772 PCT/ US01/ ~9~97
rate, an erdiedraiential methadotrayanseany ane affeenyneeraiimethodoiegion Maadesever al
advant ages. For exanple, an approach referred to as Q2 is used in

-.connect ison ammplhyePEhetinvahtonrtiangblimibed inrstope ita emplayingeahyzstalilasn t he bits
avai l abl e and the | ast encoded frane. If the last frame is conplex and uses
excessi ve hbnethpdaloge Therefore sfurthgimorbeindlisipgriedlar entbodsnénmtaaseshdtidwever , i f
there are fewer bits left for encoding, fewer bits m ght be assigned due to
the bit budstribdhiarrederdetaibheveinaftee themacadtochs (MBdesreiaszifipddyi se bet ween
these two factors. Once the target bit rate for the frame is determ ned,
the quanti zgpe Guckaentén) irtiaz @ drid ABAL. iintthiscontdxe Cihed. refehs fo & MBesap! | shed
using a |l east squares statistical nodeling technique. The encoder rate

di stortion Jithaek hidtioh setdre!ie@r asferfoa MB thatuses’theforwarli Jhotibh vEB®rencodi ng
bit count is denoted R The encoding conplexity, denoted S, is neasured

using the npan b WeME hhetsicul MRrd Meoraridrs ZHd BRefefsaB-asiBe IS the
paranmeter Q The nodeling paraneters, X1 and X2, are estimated using | east

squar es  r QRGNS 8hd padkELlal AR ARIOR, RROKEdipaal KathddioyQ  TO

sol ve the equation using this technique, typically up to 20 previous franes

f d i ng. CORDULALLAD ' !
o ot 2 SR i VORI EOEY s iRl 25

enpl oyi ng signi u esults i ate that

the Q& techphye ngtf)qee%iﬂocg o6 ihBFinBidn S48 mblidH edifinattRiemaY b8 the

target rate,
useful in video encoding rate control.

In this particular embodiment, although, again the invention is not limited in
scope to employing this particular methodology, the SAD is obtained after motion
estimation has been performed, such as at the point shown in the block diagram
ilustrated in FIG. 1, except for intra macroblocks, of course. This pointin FIG. 1 is

20 chosen so that the mode of each macroblock using the results of motion

estimation may be obtained for this particular embodiment.

Using this methodology or approach, a relationship between macroblock
SAD and the count may be generated for each quantization parameter or step-

25 size. In this particular implementation, based upon the quantization parameter or
7



11 WO U2/ CS-4772 PCT/ 11SU1/ ~9~97 One advantage of this particul ar

enbodi nent, therefore, is reduced conputational conplexity. For this

parti cul avoeebdidirent, for exanple, one paraneter, bit budgdtUsot/498fe is
enpl oyed. Likew se, in this enbodi nent, although again the invention is not
limted in scope in this respect, is nmacrobl ock SAD i s enployed. In terns
of conput aﬁt‘iﬂTg'lzec% Wes May. therefogobs gﬁBF’a&’cﬁ@l'}E%“Qi‘ @fsdﬁi”gfﬁ‘é%degﬁﬁunt of
addi ti onal overhead because the SAD is cal cul ated to determ ne macrobl ock
node, as prR@/iroitieg 9n aiteraterRProashesyithinthe, scopg Rt ihe RIgEEMHARYARTIaN. t hi s
conmputation for | frames, although providing sone additional overhead, is
not si gni f ile{At then, foeeaeh differans aganizatian aigpredzas fiosea NUAREr 8f e 10 consuned.
Li kewi se, as the results below indicate, the bit budget is nmet for all

i mges. Fl @agoblgcis baning:SHPsvingitelgl ausbeprititsdndeterraned. |-iewisgs as
performance paraneters for an enbodi nent in accordance with the invention
.and Q. sThipsevisusintesakibedgibaaiifiareat magablock tipeadeaysalew ba eowployesi) Theanes
fromeach was enployed with a frame rate of 15 frane per second. The nunber
of B fr anegeladibnsdmb&tweenISAD ane dbiticoudt raayibe Isbownte depand atdeast il part r anes.
The data in the table inplies that the degradation in performance quality
is slight, congpe of saombiccked ddlitioettd eeperding beleastie pattrinsther@ARibhtbiet st ayed
wi thin budget with greater 20 conpression efficiency. The previously
described endadbigeKta 1gHs - dieis partictaeimebmaasitioaphavardy sy prgeisusind

features. For exanple, as previously explained, the inplenentation of a

rate contr ghgibBed Mk Silensith s @t lihiiad en BE®E tBURk partrST ikpBmeAtatiorduces
conput ati on conplexity. Therefore, although results may vary 12 WO

112/ 0, - 4772 PCT/US(11/.19-197 depending on a variety of factors, such
enbodi ments may be suitable for | owpower applications, as is often

desirable. Likeyy 6gierfté‘ﬁ1aﬂé d Qé’té'g%PQPaiéd shed e adé PNiso BRYody rate

i npl enented in hardware, software,” firmvare, or any conbination 1hereof.

Furt h . . , . . ' d

comsas o ey AP FRR A BRSO MR 7,
been _desc’ricﬁéjﬁs_,e'ﬂf?em?’%@goﬁ_tipﬁht If@k%cg'ﬁ L%%?%]Qﬁv{e[h\si 'lréflsgé%p?a F g;‘%ﬁ%r?%% ajr

Par dvr o, Viler B0 SBER: Bh5 BB HHRgS be SPATCERs (oarand Sl an

i rmar B, (GPBERATZ2 19Tk QY assheIgss ot SSLRE JROLRIBTE T Bt S)  m tod 1n
scope in this respect, one enbodi nent conprise an article, u%h as a
storage nedmpiPyes,Erhis W&g@%'mmt%ﬂug% anpPNeR ﬁﬁP@?beéogﬁQUVl or a

di sk, is may have stored thereon a | ook up table, K such as greviously
descri bed. 34tpbigitgghniques may alternatively be employed, and all such other

quantization techniques are included within the scope of the present invention
because the particular technique applied is not significant. However, in this
20 particular embodiment or methodology, the following quantization technique is

employed.
index = SAD/bin_size

25 (2]



a storage nedium may have stored instructions, which when executed by a
system such as a conputer systemor platform or an imging system for
exanpl e, way2oggudt in an enbodi nent of a nmethod in accor PETHESNHL47t he
present invention being executed, such as an enbodi nent of a nmethod of 2o
perform ng video encoding rate control . usin é)}t g.udget, for exanple, as
previously described. ForVB&npl e, bé{’—\ﬂzﬁe’oragg €8s2Mig pl atformor an
i mgi ng system may include a video encoder, a video input device and
menory. The video encoder may include a nechanismto adjust the video
encodi ng rate enpl oyed during video encodi ng, such as by enpl oyi ng one of
t he enbodi nents 25 previously described, for exanple. Furthernore,
.embodi nents of the invention 13 WO 112/ (1S-4772 PCT/ t1501 /-4997 are
al so not | ilmegedtians [2], d8ADencafdetissen thevinderoblogk &dilhglikéwise eranping is vi deo
may be decoded where the video had been encoded using an enbodi nent in
.accor darsce 8 Edor a bigein quantization stegedize, irs thisherabogiment, dius therddesoablegd. s Wil e
certain features of the invention have been illustrated and descri bed
her ei n, margvenagd the Gittdoonsdeprmdsty dpeni tha partichian gelexadtisag uivetnbtedty wi || now
occur to those skilled in the art. It is, therefore, to be understood that
t he appendebe plas MEF 1@, @ depeading dntthe pivvgre tylds etnplbyeddh fhicat i ons and
changes as fall within the true spirit of the invention. 10 14 WO _
02/ CS. ~772 ifpldrhiatidrm Jypé 1P 2B It Is ndtedBiIedcivbichee typesidig empigedencodi ng
conprising: adjusting a video encoding rate enployed during video encodi ng
based at | gagbnhdttiBAMitHMPEGRASHEAIEREC Bhcdders, \adhbagh, Giyaim thal xel val ues
for a selected s portion of a video i mage bei ng encoded and on a bit
budget. ;2. i intidRi$IAGk IRfitedl iR 'sBade toWPES & ddifpiaRteGHRmest i on of the video
i mge clorrprla-ses a macrob[ ock. l%e 3. The method of claim2, wherein the
video encoding rate is also adjusted based at least in part on the type of
macr obl ock. 4. The method of claim3, where in the types conprise at |east
one of the foll oy Lalntra i : - - Q[?Q f claim
1, wherein the qrr-\\ee{lg u?tgﬁghwﬁc'ﬂ #ﬁi?'ulésﬁfday%/fogg’ﬂg %ﬁ?&@gge%aﬁgﬁss'mbo absol ut e
di fferences AD).. .6. The nethod.of. claim.l, . i ideo encodi ng
rate i s adj %S@&%W %Hng‘gpﬁrgtq“r?at'f%@ncﬁ%?'%%é%%ﬁ%gﬁsetéﬂt?f)}zlgg% | oyed during
vi deo encodi ng. t7. The net h.oanfof Cltﬁi E 6. V}heFveei nht h% Osneéaec tggl éagrti on of
the video i%ﬁ&’géa & GHpEr Bukvariefactass, tg famiy0r frves show respective
15 plot. Using this data, therefore, for a video encoder, the video bit rate to be

employed may be varied to take into account the SAD of a macroblock, and/or the

macroblock type. More specifically, by quantizing the total number of bits and the

macroblock SAD, the plots as shown in FIG. 2 may be converted into lookup

tables (LUTs) that may be stored and employed by a video encoder during the

20 process of encoding video to apply video encoding rate control. For these plots,
40 bins were employed for bit count for each picture type, although, of course, the

invention is not limited in scope in this respect.

For such an embodiment, the following methodology may be employed,

25 although, again, the invention is not limited in scope in this respect. For an image
]



WO U2/ (1;.1772 PCT/USCOL/.t9.~97 8. The nethod of claim7, wherein the video
encoding rate is also further adjusted based at least in part on the type
of macr oBVOORN54372 The met hod of claim 8, wherein the typePCIARHIHEET at

| east one of the s following: intra, inter, 4 W, and B. 10. The nethod of
claim1l1, wherein the video encodin erformed i s substantial MPEG or

H. 26x conpl9rdrame. gmaximum a%pé%'%gvgwbzap%ﬂ@ap% 'Fiqnfaf?@dpeﬁr{e@r H*'08deo
encodi ng conprising: a nechanismto adjust a video encoding rate enpl oyed
during the ¢ indexehRrsAusgtizdsafbDagng E@Squanﬁqust%sgen%%?i%mm URf the
variation in pixel values for a selected portion of a video image being
encoded andablgs heate iddetnativgiitha bit surd. isserytashior he frgne geitagd -t hin a
vi deo encoder. |S 12. The device of claim 11, wherein said video encoder is
i npl emrent edéemng, thig iscloneon amacwiiackdasisi anddheasedmadevgr the it@geie devi ce
of claim 12, wherein the silicon inplenmentation of said video 20 encoder
.conpri ses rfranecitiough.sof cousedtveiineentionds adtinited iniseors in thiseespeadt.cin

i npl enentation of said video encoder conprises firmvare. ' 25 15. The

devi ce of cdhairatelt bitwoenkthat isaothpuiatkior érecfoalee is ©s$ thanghe matedndicatéd WO
02/ 0. 1772 software capabl e of executing on a processor. 16. The device of
clai m 15, whetheibit taligdt, this relicates thatiihel Rastizativnctep sice ess/dse losvered to
PCT/USI | 1/ ~9~97 17. An article conprising: a storage nedium said nedium
havi ng st ormevitb @ettenpérfinance iMthsuttdxateding tie udetit Theref@sthe in the
performance of video encoding by: adjusting a video encoding rate enpl oyed

during vi dequapiig@tdin e rRIederid aH the psévidusipdedcripsd protess iy repeatedof the
variation in pixel values for a selected portion of a video I mage being

encoded;And,fintr thi budyetieetate klexcéBedindicdtgQhatth@iqibrtizativhefepldizesai d
nmedi um further has stored thereon instructions that, when executed, result

in the sel eghesidhddsi re8cidd 4 hgitvi deo i mage |'s being encoded conprising a
macrobl ock. 19. The article of claim 18, wherein said nmedium further has
stored thereon instructions, that, when executed, result in the video
encodi ng rate being adjusted al so based at |least in part on the type of

macr obl ock. Zzoérgﬂ\is wﬁic@r’a} ie%lbgdmen?,l tﬂE%Jx?mu%cgbﬂb%aétgp-qﬁgiiy%fchrlt her

has stored ther
and P type pictures and 28 for B type pictures. Therefore, for this embodiment,

1s the following pseudo-code may be employed to implement this embodiment.

For (1=Qp max; 1>= Qp min; 1--){
sum_rate = 0;
for (i=0; i<N; i++){
20 for (j=0; j<M; j++){
sum_rate += RATE[index][l];
J
}
1f(sum_rate>budget) break;
25 ]
Qp = 1; /* your desired Qp for current frame */

N, M are image height and width divided by 16. NxM represents number of
macroblocks per frame. Sum rate represents the estimated bits spent

30 using the index and Qp relationship. Budget is the allocated bits for
the current frame.

In comparison with state of the art approaches to adjusting the video bit

10



instructions that, when executed, result in the neasurenent of the
variation conprising the SAD. ' 25 21. The article of claim 17, wherein
sai d nediweot/osrter has stored thereon 17 WO 02/ 11s772 PCT/UNBEML7 [ ~9~97
instructions that, when executed, result in the video encoding rate being
adj usted by adjusting the quantization step size enployed during video
encodi ng. 73€. An¢ 'VB?"Gd'éég‘Fq{Ga’Eﬂea‘f“lﬂbﬁ\% @Sﬁepﬂ i'%"leﬁg‘?” a5,5¢Y& ¥ encoder; a
vi deo i nput device coupled to said video encoder; and nenory; wherein said
menory is GEYANages.oFee@MAla WRTBAL! referad 1935 97 HedsediB S8BRE B s ai d

vi deo encoder; and 10 wherein said video encoder includes a nmechanismto
adj ust a vivihoVBREofI The target bitiateiscpronmted Basadienptheitsdvatptiaged the | east
in part on a measurenment of the variation in pixel values for a selected
portion of lasteindeded frame. hicthadast fraowcd camplexang kses exaespie bitssnmee The
system of claim 22, wherein the selected portion of the video i mage

.conpri ses aitsasigbbiveaksigredl toThie frayns. efowéveas] ihthare 3re fgiver bitmleftfer mechani sm
to adjust the video encoding rate enployed during video encoding is al so
based at | emsbding, fesver bids nghttbecassigned aiuetathveobit bedget.2Bherefiesy st em of
claim 22, wherein the nmeasurenment of the variation conprises the SAD. 25
26. The sysiaighteli avbmige prévideda ceiprdrhiee iretweemi thesd twoafdrioss. t he video is
WO 02/ Cs~772 PCTIUSQ /-49-197 encoding rate enpl oyed during video encodi ng
is adjusted by adjusting the quantization step size enployed during video
encodi ng. 27. A nmethod of perform ng video decoding conprising: s decoding

video that has RkeRR 1RE¢RFEChit MREfRIHE Faine iCHsRAAMY] tleQuiRszatibredgd by
adj usting a video encodi ng rate enpl oyed during video encodi ng based at

| east ip pagte far}ng?ﬂla@%g!fgm?tmé istiRoMplisid Wind B IdUiskSquarad baasiar a

sel ected portion a video 1 mage being encoded and on a bit budget. [0 28.

The method Qf 4Gy g?%rﬁ‘ﬁguéggﬁ{é?_%@béggfhééﬁﬁ%rﬁ% RRIClibPR Mbddiégay] deo | mage

conprises a nacr od of claim28, wherein the video
encoding rate is also adjusted based at least in part on the type of
macr obl ock.

R=X,-—S+X2-i 3]

QZ

15 The encoding bit count is denoted R. The encoding complexity, denoted S, is
measured using the mean absolute difference (MAD). The quantization step-size
is the parameter Q. The modeling parameters, Xy and X,, are estimated using
least squares from previous data. Then the equation above is solved for Q. To
solve the equation using this technique, typically up to 20 previous frames of data

20 are employed, suggesting computation complexity as well as employing
significant memory. Furthermore, simulation results indicate that the Q2
technique does not meet the bit budget, that is, comply with the target rate, for all

images.

11




'S 30. The nmethod of claim27, wherein the neasurenent of the variation
conprises the SAD. 31. The nethod of claim27, wherein the video encodi ng
rate i s adpuzbadrdby 20 adjusting the quantization step si PeTarfol/eyed duri ng
video encoding. 32. The method of claim31, wherein the selected portion of
the video image conprises a macroblock. ' 25 33. The nethod of claim 32,
wherei n the vi dOneasyauiagg of tiepadicupsempodimest. thereforgyis 1qduced-772 adj ust ed
based at least in part on the type of nacrobl ock. 34. A video processing

pl at f or m coopputational compleddty. dee dhie partisular embedimant fat exasmpleonupl ed to
said video decoder; and nenory; PCT/L1S01 /1997 wherein said nenory is
coupl ed t o paeardeter, dxlat(budigebdmatetue&m;ﬂmeed/lldmwm dv thisismpodimasndied by a vi deo
encoder, wherein said video encoder included a nechanismto adjust a video
encodi ng r altroegiphgyie thelnvémtpntib @oviimiésn ierscopé ivgthis0rebps@ds amadreteletk i n part
on a neasurenent of the variation in pixel values for a selected portion of
-a vi deo si mExD keémploged ad estmang compatdliohakeotgeeity, s dddsenatpsadeceal ¢l ai m
34, wherein the selected portion of the video inage conprises a macrobl ock.
15 36. The sigHificant &ihoGhBdiadddiondheveshaad terauee tren$ ADnid calewlptedttot he vi deo
encodi ng rate enployed during video encoding is also based at |east in part

on the typejeddrmiMe rabldddck Méded s pféBosalptiedbriokd cdxabpt i3f1 framesei n the
measur enent of the variation conprises the SAD. 38. The system of claim 34,

wherein t hg:d?‘ﬁﬁhﬁ&'esm@ Qorﬁguhtﬁﬁén fdre fﬁéh@%oalgﬂ%gﬂldﬁ&ndrﬁé SofeRidaRAadur i ng

vi deo encoding I's adjusted by adjusting th guanti zati on step size

enpl oyed dugpay Q%t%{b‘ﬁﬁi‘ébﬁ'ﬂn t%@ns of\h 9?&@!@3& réDsGT tde3QharSe97 39. An

article conprising:. a um said nedi Um having stored thereon
I nstructiong Lhdky. ngws%),(sg HShsufEB&bl ihdlcAtd SRt RGBS Sndtiforvaifieo
images.

FIG. 3 is a table providing a comparison between various performance
parameters for an embodiment in accordance with the invention and Q2. This
15 data was generated from six image sequences. 150 frames from each was
employed with a frame rate of 15 frame per second. The number of B frames
between P or | frames is 2 and the intra period is 15 frames. The data in the table
implies that the degradation in performance quality is slight, and in some cases is
better. Furthermore, this embodiment stayed within budget with greater

20 compression efficiency.

The previously described embodiments provide a number of desirable
advantages and features. For example, as previously explained, the
implementation of a rate control mechanism, such as those previously described,

25 reduces computation complexity. Therefore, although results may vary
12



decodi ng by: s decoding video that has been encoded, wherein said encoded
vi deo was encoded by adjusting a video encodi ng rate enpl oyed during video
encodi ng wase/dsar2 | east in part on a neasurenent of the vRCGTAISOYAYHON pi xel
val ues for a selected portion of a video i mage bei ng encoded and on a bit
budgetS. 10 40. The article of claim 39, wherein said nedjum further has
stored t herde®gndingONAYartely ot fagiors. wHeh embadimants May s sultpRlepdoWe| ect ed
portion of the video image being encoded conprising a macrobl ock. 41. The
article of powerappisationsrasiin ofan depitapientiewsacthe piavieysht @esciifed eon 15
instructions, that, when executed, result in the video encoding rate being
adj ust ed alesubditrpedtsanay bagnplemeptactin bardwase: sgievase. fimwesh BERY 42. The
article of claim39, wherein said nediumfurther has stored thereon

i nstruct i orenbisdtionthenreot xBerthiesthore, @sbadirnents fireagasadancervtit the invemdon
variation 20 conprising the SAD. 43. The article of claim39) wherein said
.medi um fsur tprevidé asmphtisility withdmewon videst standdrdasuchas MREGrang¥betx.ed, result
in the video encoding rate being adjusted by adjusting the quantization
step size enpl oyed during video encoding. 25 21 WO U2/ CS-4772 44. An
article conprising: PCT/USUL/-4l-t97 a storage nedi um havi ng stored thereon

a | ook up tabl et widj 6f doaklec be ampeistdouthat, athaighomsticyarehbetmentise nunmber of
bits and variation in pixel signal values of a plurality of video inages

for a vari efaueqlistteéanidegarited tid inPeritionas hoSlinited inistopaiicta padicage medi um
further includes instructions stored thereon to enploy the | ook up table

and a bit hydgsdimeft BSFipRMRMaEe? PoEaiie, lhbentsyiimert mdPbdm The article
of claim44, wherein the ook up table is enployed to perform
10 hardware, whereas another embodiment may be in software. Likewise, an
embodiment may be in firmware, or any combination of hardware, software, or
firmware, for example. Likewise, although the invention is not limited in scope in
this respect, one embodiment may comprise an article, such as a storage
medium. Such a storage medium, such as, for example, a CD-ROM, or a disk,
(s may have stored thereon a look up table, such as previously described. Likewise,
a storage medium may have stored instructions, which when executed by a
system, such as a computer system or platform, or an imaging system, for
example, may result in an embodiment of a method in accordance with the
present invention being executed, such as an embodiment of a method of
20  performing video encoding rate control using bit budget, for example, as
previously described. For example, a video processing platform or an imaging
system may include a video encoder, a video input device and memory. The
video encoder may include a mechanism to adjust the video encoding rate
employed during video encoding, such as by employing one of the embodiments

25 previously described, for example. Furthermore, embodiments of the invention
13



vi deo encoding rate control when the instructions are executed by a
processor. 46. The article of claim45, wherein the variation in pixel

si gnal vavaexoziempri ses the SAD. is z2 PCT/US01/49497

. Af R A& A& A9. A9. A9. A99. A&% Au9% AN&Y% A&% A9. A% A&% A&. A9. A& A9. A&% A9. Aué&.
Aa&X_tvwz} $Y: | wrmhc”Y] ca] ca] ca] ca] ca] ca] cal] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cTa] c a] capeaplsarohlimited inyideqregdes ploijeencodingr & ongxgmple;@dpo may

S927G vl gb] WJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal] capedlecaiiedmbalectap videsd|adhasa) ensodry wpng@or empAHMEPLivy] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
ca] ca] ca] cafcerdanes with yhe invention, again, such as previously described.

JWIHEB """ L#zupkf al W gb\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca
] caV] ca] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] cal] ca

LASSA%WRE, & "' ) U) | *o** +7++, ;

by, % 1-@z. . 00" O0fidlcaraikf atives af the)] inedrti@hdeive dleea]iltslrated] aral dedasibed a] ca) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca! HL123%3: 3A3F3f 3l 33
3, 4] 555766 ¢@aHB3hAAY Riddifications, substitutions, changes and equivalents will now occur
<<<G==~ytoj e [V]ca]ca] ca] ca] ca]ca] ca] cal] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca\} eRdgeashined watheadd.cad satreréfond aa!be=ardersto@® | thd tthe>appenaad> AAABI B
BC$C&Cs CDD@EEE{ upkf a\ W e [ V] ] ca] ca] ca] ca] ca] caV] caV] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cal] calgahe aré Mk LRl vl srbaeVineaifieatidrizadipdaiaks as fall within the
EEEEEQFFF?GTHHHI Y1 | JJ9K| KKLL) L; Lk MMVONNN

PaPQQzupkf >3] i a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ggl]\éidﬁ%ﬁao]??laﬁp@gf@gﬁ] ca] cal] ca] ca! QRVBQS" Sp STHT TUUUUUUUUVFWWAB X8 X9 XX
>YYYYYYYNZZ) [ zuoj e [ V] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
~a] ca] cal] ca] ca] ca] ca] ca]ca] ca] ca]calcaUlca]ca]cal!)[u[\\]y]]erCrgrrnnnt |70
"a_aaaaaa: bbbbcdcccc| wrnhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca! c#d+doddeeef f gVgYgc

gtggRiiij8j;
1771 &krkkkk*1 WVl gll|wmhc”Y]c]ca]ca]ca]ca]ca]ca]ca]calcalca]ca]ca]lcalcalcalc
a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca!lll KnmOn| nnnDoooopr pp

g+grqqr Q rrsgsssAtttt Duuu| w mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! uuuuuuvevvvwLw
Umw?x RxUx XxgsssAt t t t Duuu| wr mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal] ca] caX tvi K-"10%& ()
-Y109%&' ()-109%& ()-109& ()-"*10%& ()-h*10%& ()-+10%& ()-vwzi K-

L' 10%&' ()-9"109&' ()-y@z10% ()-1T 109%& ()-3 y310%& ()- Z10%&' () -

s10%&' ()-$iH, L' 110 y/y 10% & ()-y/y 10%& ()-

-109%& ()-f7109& ()-f-109%& ()-y)10%&' ()-YnmOL10% & ()-10% & () -

10% & ()-L10% & ()-"&10% & ()-910% & ()-10 10 : VIiK-1"& 10% & ()-y

10% & ()-3sS 10% & ()-@0% & ()-910% & ()- Z10% & ()-Y10% & ()-@ i (91"
10! f Y710%&' ()-/- 10% & ()-
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,10% & ()-1 *Z10% & ()-&10% & ()-$10% & ()-hCaBl" 10 f 10% & () -

10% & ()-210% & ()-!8&M 10900&' ()-! $&M 10%<& ()- 10 10'y dEBL"

10" 10% &'WO020968 () -110% & ()-S10% & ()-9!'10% & () - @ 10WCE/YIN1/3943DdEBL"
100F10% & ()-.10% & ()-,10% & ()-*10% & ()-(310% & ()-Y &

10% & ()-4567GxuV7 "9109%& ()-10%& ()-910%& ()- 10 10 10!'\710%&' ()-Y
510% & () - (4aiEsuV7 " 3g10%& () - 109%& ()- 10%& ()-!10%& () - Z10%& () -

109%&' () -"7dEuV7 "$10%&'d%%- - 1Q‘V&'M.(ﬁ) -"1109%&R ()- y ,10%& ()-Y

1098 () -910%&' ( A-r8ethpp griooming vige9®nceding GORP(I$'N10%&' () - 010%& () -
4910%&' ()-"| .10%& ()-|}~7gH7 10!| &10% & ()-,10% & ()-10% & () -

"910% & () - 910%R&jusling aFideo RIERKINg rate employed during video encoding based at
101/10% & ()-*10% & ()-"10% & ()-s10% & ()-310% & ()-, 10% & () - %S AH/
10110% & ()leastin p@yo8 'a(measurement & thg variation in pixel values for a selected

s portion of a video image being encoded and on a bit budget.

2. The method of claim 1, wherein the selected portion of the video image

comprises a macroblock.

10 3. The method of claim 2, wherein the video encoding rate is also adjusted

based at least in part on the type of macroblock.

4, The method of claim 3, where in the types comprise at least one of the

following: intra, inter, 4 MV, and B.

5. The method of claim 1, wherein the measurement of the variation

comprises the sum of absolute differences (SAD).

6. The method of claim 1, wherein the video encoding rate is adjusted by

20 adjusting the quantization step size employed during video encoding.

7. The method of claim 6, wherein the selected portion of the video image

comprises a macroblock.
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9. The method of claim 8, wherein the types comprise at least one of the

5 following: intra, inter, 4 MV, and B.

10. The method of claim 1, wherein the video encoding performed is

substantially MPEG or H.26x compliant.

10 11.  Adevice having the capability to perform video encoding comprising:
a mechanism to adjust a video encoding rate employed during the video
encoding based at least in part on a measurement of the variation in pixel values
for a selected portion of a video image being encoded and on a bit budget,

wherein said mechanism is implement within a video encoder.

12.  The device of claim 11, wherein said video encoder is implemented in

silicon on at least one integrated circuit.

13.  The device of claim 12, wherein the silicon implementation of said video

20 encoder comprises microcode.

14.  The device of claim 12, wherein the silicon implementation of said video

encoder comprises firmware.

25 15.  The device of claim 11, wherein said video encoder is implemented in
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MICroprocessor.

17.  An article comprising: a storage medium, said medium having stored
thereon instructions that, when executed, resuit in the performance of video
encoding by:
adjusting a video encoding rate employed during video encoding based at
10 leastin part on a measurement of the variation in pixel values for a selected

portion of a video image being encoded and on a bit budget.

18.  The article of claim 17, wherein said medium further has stored thereon
instructions that, when executed, result in the selected portion of the video image

15 being encoded comprising a macroblock.

19.  The article of claim 18, wherein said medium further has stored thereon
instructions, that, when executed, result in the video encoding rate being adjusted
also based at least in part on the type of macroblock.

20
20. The article of claim 17, wherein said medium further has stored thereon
instructions that, when executed, result in the measurement of the variation

comprising the SAD.

25 21, The article of claim 17, wherein said medium further has stored thereon
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22. A video processing platform comprising:
5 a video encoder;
a video input device coupled to said video encoder; and
memory,
wherein said memory is coupled to said video encoder to store video
encoded by said video encoder; and
10 wherein said video encoder includes a mechanism to adjust a video
encoding rate employed during video encoding based at least in part on a
measurement of the variation in pixel values for a selected portion of a video

image being encoded and on a bit budget.

15 23. The system of claim 22, wherein the selected portion of the video image

comprises a macroblock.

24.  The system of claim 23, wherein the mechanism to adjust the video
encoding rate employed during video encoding is also based at least in part on

20 the type of macroblock.

25. The system of claim 22, wherein the measurement of the variation

comprises the SAD.

25 26. The system of claim 22, wherein the mechanism to adjust the video
18
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27. A method of performing video decoding comprising:
5 decoding video that has been encoded, wherein said encoded video was

encoded by adjusting a video encoding rate employed during video encoding

based at least in part on a measurement of the variation in pixel values for a

selected portion of a video image being encoded and on a bit budget.

10 28. The method of claim 27, wherein the selected portion of the video image

comprises a macroblock.

29. The method of claim 28, wherein the video encoding rate is also adjusted

based at least in part on the type of macroblock.

30. The method of claim 27, wherein the measurement of the variation

comprises the SAD.

31.  The method of claim 27, wherein the video encoding rate is adjusted by

20  adjusting the quantization step size employed during video encoding.

32. The method of claim 31, wherein the selected portion of the video image

comprises a macroblock.

25 33. The method of claim 32, wherein the video encoding rate is also further
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memory;

wherein said memory is coupled to said video decoder to store video
previously encoded by a video encoder, wherein said video encoder included a
mechanism to adjust a video encoding rate employed during the video encoding
10 based at least in part on a measurement of the variation in pixel values for a

selected portion of a video image being encoded and on a bit budgetS.

35.  The system of claim 34, wherein the selected portion of the video image

comprises a macroblock.

36. The system of claim 34, wherein the mechanism to adjust the video
encoding rate employed during video encoding is also based at least in part on

the type of macroblock.

20 37. The system of claim 34, wherein the measurement of the variation

comprises the SAD.

38.  The system of claim 34, wherein the mechanism to adjust the video
encoding rate employed during video encoding is adjusted by adjusting the

25  quantization step size employed during video encoding.
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decoding by:
5 decoding video that has been encoded, wherein said encoded video was
encoded by adjusting a video encoding rate employed during video encoding
based at least in part on a measurement of the variation in pixel values for a

selected portion of a video image being encoded and on a bit budgetS.

10 40. The article of claim 39, wherein said medium further has stored thereon
instructions that, when executed, result in the selected portion of the video image

being encoded comprising a macroblock.

41.  The article of claim 40, wherein said medium further has stored thereon
15 instructions, that, when executed, result in the video encoding rate being adjusted

also based at least in part on the type of macroblock.

42.  The article of claim 39, wherein said medium further has stored thereon
instructions that, when executed, result in the measurement of the variation

20 comprising the SAD.

43. The article of claim 39, wherein said medium further has stored thereon
instructions that, when executed, result in the video encoding rate being adjusted
by adjusting the quantization step size employed during video encoding.
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wherein said storage medium further includes instructions stored thereon
to employ the look up table and a bit budget to perform video encoding rate

control.

10 45,  The article of claim 44, wherein the look up tabie is employed to perform

video encoding rate control when the instructions are executed by a processor.

46. The article of claim 45, wherein the variation in pixel signal values

comprises the SAD.
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