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Background [0004] Efficient video conpression is
useful in many nmulti nmedi a applications such as
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[0006] Each of the inventive content based transcoding apparatuses and methods
described and illustrated has several aspects, no single one of which is solely
responsible for its desirable attributes. Without limiting the scope of this disclosure, its
more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description” one
will understand how the features of this content driven transcoding provides

improvements for multimedia data processing apparatuses and methods.



di fferent processing operation. In some aspects, the
transcoder generates a content classification of the
woubdviosgwi a data, which is then used in one or PADMUS2006/037948
encodi ng processes. In sone aspects, a content driven
transcoder can determ ne spatial and tenporal content
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to errors. [0010] In one aspect a nethod of processing
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first data group and in a second data group based on

the content classification, wherein the first data
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wherein the first step size and second step size are related by a scale factor. Encoding

can further include determining a first quantization parameter having a first quantization
step size for use in encoding the first data group, and determining a second quantization
parameter having a second quantization step size for use in encoding the second data

group, wherein the first and second quantization parameters are determined based on



any conbination thereof. [0011] In another aspect, an
apparatus for encoding nmulti nedi a data includes neans
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encoding the multinedia data in a first data group and
in a second data group based on the content
classification, wherein the §irst data group conprises
a coefficient and the second data group conprises a
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[0013] In another aspect, a machine-readable medium comprises instructions that
upon execution cause a machine to classify content of multimedia data, and encode the
multimedia data in a first data group and in a second data group based on the content
classification, wherein the first data group comprises a coefficient and the second data
group comprises a first differential refinement associated with the first data group

coefficient,



coefficient and the second data group conprises a

first differential refinenment associated with the
woio@osgiat a group coefficient. BRI EF DESCRI PTI eNr@S2006#37948

DRAW NGS [0015] FIG 1A is a block diagramof a nedia

broadcast system i ncluding a transcoder for

transcodi ng between different video formats. [0016]

FIG IBis a block diagram of an encoder configured to
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illustrating the operation of a parser used within the

with hedfastidata gfoup cegtfisienf.0020] FIG 4 is a fl ow di agram
illustrating the operation of a decoder used within
the transcoder of FIG 2. [0021] FIG 5 is a system
timng diagramillustrating a sequence of operations
perfo][ Irred gyBRhEFDES(Sl I RHHEK)_NK)BET[:IEBRAW@EF;IS FIG 6
is a flowdiagramillustrating a sequence o ) .
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9is aflowdiagramillustrating an exenplary
d@peration for content classification, such as for use
' he r.of Fl ] ' I
0gts 1 P Blork g epn of 7 ERlmaile 57 RN oduel P systemm of
FEKudh as for use with the encoder of FIG 7.[0027] FIG
11 is a_flow diagramillustrating the operation of an .
[0 &1 aFiCnbis #Aloxs dipgrmoiiusisafing the operatign ef @iragser geed within
th%rﬂll%ﬁ%ﬁeloéflﬁtﬁ%. 7. [0028] FIG 12 is a flow diagram
ilTustrating the operation of an exenpl ary node
[0820] si oRl@nt mdeflowuilagramnllustnatihg & dperatios @f \ai dehodeh@sed within
encoder Offr#:b 7 [0029] FIG 13 is a flow diagram
the ens0rek 9 Cah- exenpl ary operation effecting

[0021] FIG. 5 is a system timing diagram illustrating a sequence of operations

performed by the transcoder of FIG. 2.

[0022] FIG. 6 is a flow diagram illustrating a sequence of operations and functions
of a preprocessor that may be used in the transcoder of FIG. 2.

[0023] FIG. 7 is a block diagram of an exemplary 2-pass encoder that may be used
in the transcoder of FIG. 2.

[0024] FIG. 8 illustrates an example of a classification chart that illustrates one
aspect of how associating texture and motion values with content classification.

[0025] FIG. 9 is a flow diagram illustrating an exemplary operation for content
classification, such as for use in the encoder of FIG. 7.

[0026] FIG. 10 is a flow diagram illustrating the operation of a rate control, such as

for use with the encoder of FIG. 7.



scalability for use in the encoder of FIG 7. [0030]

FIG 14 is a flow diagramillustrating an exenplary
woper7atson effecting ratedistortion data fl ow RETWSLM06937948

in the encoder FIG 7, for exanple. [0031] FIG 15 is

a graph illustrating the rel ati onship between the

encodi ng conplexity, allocated bits, and human vi sual

quality. [0032] FIG 16 is a graph illustrating a
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[082¥ck dF¥yr Bimitor Rownsiagramdillstesimgun exaRiarysgrareian effecting
schﬂgﬁ’iﬁ for e 1n2tgF bicdlieflh il lustrating the

orgam zatron of a video bI'tstreamin an enhancenent
[0b3gler aFi:.d4has eloadiegran] 08 BkinElatex@nplarysoperationgffenting rate-

SRS ot BT B e o
[oos1iust r gic ngs L egd ig‘?ﬁﬂho ﬂll&iﬁﬁﬁlz% GRY relbBMBIp Bbeed3thbSerftoding

process flow diagramillustrating a method of encoding
camplexitye dilecatbathatsbesidumeen isval gesdtent i nf or mat i on.

09336 ot Gsate sieRdTitRATRaapd Trke0R Ule S LS
[09

%R boEIGlariAel dfkse diz@fare dNisehfing proodssimk inltih@dal data that has
[0042] FIG 25 is . a tgraphi c illustrating a safe action
begn ohtagned. reeined of it Ptheryfigencess®lg.r ane of data. [0043]

0034, 7L 13pAS AR, ditefn R pRa Rl e LA 0
[00BSlr anFiG.| LS tis at divgren fHogesiag of deintodicing prokessmesiiig motion

data usi ng adaptive intra refresh based on nmul ti nedi a
eHFRIBHCOMRFEANMY-i on. [0045] FIG 28 is a process flow

[ogbapr anppc | 1954 a@idcﬁ%fgrﬁm@ §$5ul@he @R CORRGIAHbA kyRGh 2

at'a using redundant frames based on nmultinedia '
[0037} ent FIGh{28rimatdiagrafpG04siatipg Gie aganikationt ofat widerbitstegam in an

onpensation vectors between a current franme and a
er&?ﬁ?ﬁ%ﬁ@%@%ﬁﬁ%’e& current frame and a next frane
[09BBY [ 00FKG. 21 & a3fia ramaill_%E@eﬁﬁ%SthHdl)l\gnﬂlleﬂigbﬁ@]_ices to video frame

illustrating shot detection. [0048] FIG 31 is a

boyndadess f| ow di agramillustrating encodi ng base and
[0039] FIG. 22 is a block diagram illustrating prediction hierarchy.

[0040] FIG. 23 is a process flow diagram illustrating a method of encoding
multimedia data based on the content information. 3

[0041] FIG. 24 is a process flow diagram illustrating a method of encoding
multimedia data so as to align data boundaries based on content information level.
[0042] FIG. 25 is a graphic illustrating a safe action area and a safe title area of a
frame of data.

[0043] FIG. 26 is a graphic illustrating a safe action area of a frame of data.

[0044] FIG. 27 is a process flow diagram illustrating a process of encoding
multimedia data using adaptive intra refresh based on multimedia content information.

[0045] FIG. 28 is a process flow diagram illustrating a process of encoding

multimedia data using redundant I frames based on multimedia content information.



enhancenent |ayers. [0049] FIG 32 is a schematic

illustrating encodi ng a nmacrobl ock. [0050] FIG 33 is
wea2ervasmii c il lustrating nodul es for encodi ngrPaThas®e/037948

| ayer and an enhancenent |ayer. [0051] FIG 34 shows

an exanpl e of a base |ayer and enhancenent | ayer

coefficient selector processs [0052] FIG 35 shows

anot her exanpl e of a base | ayer and enhancenent | ayer

[oo4gf fi “Pﬁ[@im29§ﬁ{1§f‘aké%rm9ﬁ&9 %§§1 ensBHEm hedth'@ bedPesiN®Warrent frame

anot her exanpl e of a base ayer and enhancenent | ayer
and a@tefwmsdmeslwl\e@nd A cprrotdfsane &t Br@e MY¥Ni s a

| | | st rat di
o5 *b b i L e Ao g3k B SPE SR 5 5% %,
[o6ligaar arpId. | 3itikahi P CERS FioW adi engeaiing ofiollingabase and

i nverse tel ecine process. [0056] FIG 39 illustrates
enhangagiant la¥ers.n a macrobl ock to be filtered by a

[OQAF;ﬁ I oc kli‘IEig 3PIOF éac%%ina{lg ﬁﬁl@ ratﬁg%n&é&n c%lﬂ&fl@m

ust rati ng enpor el n erlacing process.
[0{)511}58] Iﬁ[ﬁ?)’a’ 4s1.a ’sdhleﬂﬁtw ilesratmg modaips forehcddify a base layer and an

y-phase resanpling. [0059] FIG 42 is a flow
engaréf@mm layetystrating an exanpl e of adaptive GOP

[Og\%] fjuct umes i gy WhaRe & rekamipldof [ #0804 1hjerl Bnd'QUnBshdehht layer

ere appropriate, like nunerals refer"to |ike parts
cotﬁmmmgkﬂcxﬁmtﬂrm&ever al views of the draw ngs DETAI LED

[0@11I ; Z%IIFOSiS[ g-loezvé; ?%ﬂhﬁ AR %giag gsglsl!a £,g ?:r{hagéén%ﬁt layer

Cogffﬁqér@wéﬁorﬂﬂ@myer the i nvention can be errbodl ed in
a multitude of different ways. Reference in this
[003ci f i Bt i ¥nshays anpshesspeatple of 2 base dayracand %ﬂéﬁ%ement layer
feature, structure, or
Cogﬁggrlean? éei?(l'rtélh‘l%g&%éscrl bed in connection with the aspect
[0054]i ncl BldEdB7 13 aprdcessfloendiagmpe diustrdfiing enppdmgamoksnalia data

t he phrase "i n one aspect,""according to one aspect,”
baged on cONGHANIGEPAIAS" | n various places in the

[022%;' 5 SRk LT %1a5’,}9§m NRGR28AE 'ﬂo)(sﬂﬁlelsy&@ﬁeﬂéché”'&lst 8 Ahewverse

aspect, nor are separate or altefnative aspects
telenina @kdogssexcl usi ve of ot her aspects. Mbreover, various

oL P 0 SRS PRABA B, et ¥k
prB@é%b'.' renents are

[0057] FIG. 40 is a diagram illustrating a spatio-temporal deinterlacing process.
[0058] FIG. 41 illustrates an example of 1-D poly-phase resampling.

[0059] FIG. 42 is a flow diagram illustrating an example of adaptive GOP structure
in video streaming.

[0060] It is noted that, where appropriate, like numerals refer to like parts

throughout the several views of the drawings.

DETAILED DESCRIPTION
[0061] The following detailed description is directed to certain aspects discussed in
this disclosure. However, the invention can be embodied in a multitude of different
ways. Reference in this specification to "one aspect” or "an aspect" means that a
particular feature, structure, or characteristic described in connection with the aspect is

included in at least one aspect. The appearances of the phrase "in one aspect,”



descri bed which nmay be requirenents for sone aspects
but not other aspects. [0062] The follow ng
wdesirosgti on i ncl udes details to provide a t horPougis2006/037948
under st andi ng of the exanples. However, it is
understood by one of ordinary skill in the art that
t he exanpl es may be practiced even if every detail of
a process or device in an exanple or aspect is not
“a&%?cﬁﬁ% Qﬁgrfeoa[s bt H ARt RBEQE I VaRbuELXAERIiL the specification are
el ectrica cgnponents may be shown in bl ock diagrans
not hexdesshoilynell refeiringt tosthe seme raypast. e rdre s¢pacain A6 eH eI AL & aspects

ev electrical element gf the conpongnt in Qr Anqt. ..
TR RESCHTRES. | orrhNge SOTBR) Rl ' SEr 8 which
mAt BEIx i) GB e Spuets £AT0BEBitRrs. Simigdrlys vatiaisit@sreamdts are

t'echni ques rraﬁfbe shown in detail to further explain

descnibed wdigh ey be cRIBBPITHE [orrsemeAsPstsyt #otiptBer aspeties t o
troldyin ' LT [ para . an

[Oﬁgjhodsﬁbes igfr? §8§§“ g%ts &lﬂg%ogr qrrfla?l(fsll(ﬁ%?ri? OQ% ta?]}ge%rmﬁbi%rr%d ?da thorough

undékanbigeng theedrples.” Boniceat, iti isfundemtoodrby @re dfcardinaryt 8kill in
(of the multinedia data) are broad terns. anin% .

the A St SHIISEPINES PECHRY ERTeRE bR AL REUFE Yfadeyioe in

an%%n&ﬁ’@ or g%%éég &s nbOlHeLNBEP be illFehRdaRein TBESH &&mple, electrical
cal cul ate

romthe nultinmedia data and content )
comploatres! mayf be rshoworin ddsdc dagmaswihah do neot gHugimie every electrical

metrics, for exanple .a contept classificati,on, n
coPTP i O SRCBR Vet 5 TR nol B ke te
ex8RbRE Th RBHedRYs a2 dedit 0 AR fothe @RS Guoh coiPondid, iother tructures

application. The content information can be used for

andhesinigipe arey befsherin i1 dasel to Tyther pldths §XamRF-udi ng

ne i or al 0SS] - dt di
0868 T35 S S5bLE0 AR oREARSE gy and wnscoin
ap@etaefsiint infghdistustngtoestehoimferuaribn phtheamyltimediaalaid beiyg encoded.

error resilience,, maintaini

. | ence, ing optimal [ tined .
“Couian dRfoRBRTS B GaRIENSt o itz daipzge Rigpshiaps meaning
infoMnL G gaatillrg t OBt Df FREIEmR it 185 Sn @ SRE ScSuded for example,

transcoder can orchestrate processing multinedi a data
mendatproeduice calowlatedtfrore th wuiltonedd deta ot tdonteptlicdaterhindormation
Descri pt.i,ons and fiqures rein that describe.. .
asERRHEL Ot g epaers THaica B SHmBRt FRRBH PG TsAany gonert
infHRRELS cAlBe fRAARUNE aA SRESHeS or 166@dthed b ali rcad6d@ 0@ pending on
apparatus and nethods relates to transcodi ng_from one
the grartieular apgheatiear , Thmeontentdpiosmptien cag, by é‘é%f fysegany aspects of

herein r (N . .ran [ Vi :
0 P EAPRD AT SERE MR B s posessine
spatib-ediapsrachelsneldsction, ﬂvbiﬁlsagﬂﬁwg', Gié&rnﬁﬂiﬂlgfmﬂt raed foz équﬁntization,

sone. aspects. _However, the descrijption t ranscodi
SRRy, e SHisnes, 26N PP wEal Bulidih g sacross Droadeast

cﬂahgélg,i ahd fﬁgﬂshﬁﬁﬁpﬁvi%hiﬁ gU!g]ﬁg SRt bRMmbtof itl%sér_lﬁ_ﬂ%kbé, a transcoder

exenpl ary of sonme aspec the 1 nvention. .
cathi achestrad mpgEasiag nsltmedineiatacald prediee dentanthietpi¢d/encoded multi-

bbb Sob Bl BA B RGBT b o
b@ahlieable ReeRRBINGARCE 41l det GNRE Pebi.

[0064] The transcoder apparatus and methods relates to transcoding from one
format to another, and is specifically described herein as relating to transcoding MPEG-
2 video to enhanced, scalable H.264 format for transmission over wireless channels to
mobile devices, illustrative of some aspects. However, the description of transcoding

MPEG-2 video to H.264 format is not intended as limiting the scope of the invention,



and/ or encodi ng video formats other than MPEG 2 and

H 264 as well. [0065] "Miultinedia data" or sinply
wOndTiss@di " as used herein, is a broad term pPOaUS2006/037948

i ncl udes video data (which can include audi o data),

audi o data, or both video data and audi o data. "Video

data" or "video" as used herl®in as a broad term

referring to franme-based or field -based data, which

but RChEEBSeRND1RY ITRbRe aBRERSfAhe ki@ TRAUSFESE Hharatus and
contai ning text, image information and/or

meth@r%opr@atcb a highly: sffigient (aehiteetgre Bob SUPRPTIN GErESSIlignt encoding

C e
5 e 6 LR RA Rl ChBETARARRN) ) apgoaine
an@6a eﬁécﬁlsngﬁldu@fomme cnlﬁnfmlmﬁleEGoI aid Hizodas eekdl. and
exanp es of processes t hat can, use gontent |nfornat|on

[0063] encddpitignadia datareay simphy anultienstiq” 3s| used hareiy ippdegad term
th%:J ﬁ&h&é@ ilibd 84th &l éﬁn dahaad dRit Qstajs %ﬁ&oa@a@z?%%oggvﬂeo data

I medi a data broadcast system 100. I'n system 1
andududioréatha “‘Oéddeo gateViod&vidédibac osadihereiatassa broaddemn referring to

nmul ti medi a_.d 104 200. Th

fr bR e a6 e e DBERRST PRe i G SeRS gp rlated
se¥inels Bf REARS ContdEin g | ifRde dnfdah@ichOthd/ditAdicAdta, and can be
mul tinedia data in block 11 The processing in bl ock

used 0o defen te suliieqiardsts(eithethe riemefeernnbe Bsadeiicichipageably) unless
n ther processes the nultinedia data to
Ot%?%sgfs mek'@or encodi ng into another format. The
[006sjodedDeatkibedddiow a@texampleprafwiateas tampdmeats dfl? tradseoder and
the nultinmedia data is encode to.a redetermng )
examp!qs&é@r%eafssﬁ%ce}us&cgﬂt&yﬂa orgtien {45 ENFRIITRG Mutracdia data.

[oﬁéha hagrgeen ﬁnded@ql agfh *?h&dm&%ﬂ% ddta IFRWPHERBME hshQts of a

transm ssion, Vvia rel ess broadcast
melistedin (@2 grqadaasd: ej(slteuh apo. plhos]xstdam da0casmltime¢dim dita poovider 106

vi a anqt her cat |.on, net r In so ec
cophBufiEe Feee Rl FIGa S it U A BB En g heatne encoded
mAkERIdH dda 104 H‘l%cé\(?&-ﬁbﬁth%tt%%d@r 208, WfichH p@ctdsadthe ebledmedia

mul ti nedi a data 104 has been decoded the transcoder

depD 004 it diavs mutemagia tdataeiniblockat 19). t Bheapropessing is hasdakl@. decodes
n{drP068 tl'll:eI C_:‘coded %lt?me? déj ?ﬁa qbfi‘ ggn%%ﬁ&eraﬂ}oéersg&stﬁg gﬁﬁtnﬁg’(ga data

e con I gure erf essin

toliiré?phkélt Idloenaﬁdiné 1o @ﬁotﬁét@orrhﬁ. ThBdeddoded mﬂdmedﬁfﬂ@taaaprowded
be configured to receive multinedia data, decode and
tophlpele 14 SBATE there Bmasie 15 i eRFRARL (D AcBredpigringd mpltimedia

fo?fn% 6’1n§taﬁ @ Oﬁdébltckretdlﬁﬁmeafédda(?a hE@B@QPEﬁ’code 3W'block 114 it is
Vi deo d

; presentation tinme stanps), encode
prepared ﬁtrdrealsmmmne dliaf for mesmplaredwieloss biea@asto@et&ndm &, a cellular

for furth eSS| n transm s i on t.ranscoder
phoRe Lo s SRR R B R B bEDa ThAOR AR, the
1eO&iveP hﬁllt@lﬁ&@agfa%i ﬂ?§4 hhObe@X MBS adddr@NE A aRe NIPEG-2 standard.
data group and an encoded second data group, which is

Aftef ibe tradscodedimultzipedia date AQ4 Hamppen [dacoded, the transcoder 200 encodes
the multimedia data to an H.264 standard.

[0068] FIG. 1B is a block diagram of an transcoder 130 that can be configured to
perform the processing in blocks 110 and 112 of FIG. 1A. The transcoder 130 can be
configured to receive multimedia data, decode and parse the multimedia data into
packetized elementary streams (e.g., subtitles, audio, metadata, “raw” video, CC data,
and presentation time stamps), encode the into a desired format, and provide encoded

data for further processing or transmission. The transcoder 130 can be configured to



sonme exanpl es of aspects, the various data groups (or

| ayers) in a | ayered encodi ng schene can be encoded at
wdizdd7asgmt | evel s of quality, and formatted suebTwS2106/037948

data encoded in a first data group is of a | ower

quality (e.g., provides a |lower visual quality |evel
when di spl ayed) than data emtoded in a second data
group. [0069] FIG 1Cis a block diagramof a
pr&/ri?éc 3339 it Ei?fw& 8PmBR &R Eio%iﬁ &6r &Anipl&NmcRdBded first data

ata, and can be configured to perform a
grqarprarldmm emco%d seobnd ﬂaargr@qemciglscieﬁ@rr@dé@ a$ fpysredetasoding. In

SO%%&?]EIS e%%) e?%]gec"f%ﬂ %rv]ala?% gsggc?ur [sn:kA lagfgﬂst) chal ﬁ?@red encoding
schidn@ 84P BE NAcHILQIC BS 8@ ferdlR I6velP B qOelite] and lfﬁﬁhauédn@ch that data

decodi ng, parsing, preprocessing, and encodi ng
encpried o ptfapt dats EOURES PHA 19%eT QURbEEES: rf@OVIFl%é &V&@rw&%bquahty

B B o TRl i a0

conmmuni cate WI rmry 120,

[o@¢d]her TG @Ctisya Block rttﬂag”rﬁﬁtdf)a piocessgh 140 d’(dn ean devionfigured to
The processor 140 al so | u es a, co ni cati ons

e Gl e KOG FchiRPH R 8rROTEPn bR Of the
prg&géﬂ’f% %le%feﬁrlﬂaﬂ) o1& 11l Q‘f@ DPHIGLAQ. PREdedr MBIt @n include

recel |a data and to provide encoded dat a,
medudds Esladat peréoroodeel of moge bf thet trateecding prascssasi deiserifed herein,

BT TTNEN RS R NN N e .

fof PBESH o etk ite 190 Bﬁﬂﬁn&@dhs bﬁeﬁﬁpﬂl@ﬁﬁbrﬁuﬂ hid @mesetconfigured
l'evel s of quality, and formatted such that

to gamodeiraiwiih exiestal mwmeryd dsither direcly|op \m&regﬂé fhrpygh another
‘ de&}cgrg)F%%/ @fﬁ% sﬁg 514§aks%vﬁ([,lu¥é e% Bbm il dafidnd ﬁxgﬁhle"%ncogﬁgured to

a enco In a second data gro
coﬁxﬁﬁlﬁﬁ&atél' Reith ban s atdee ds3iesrextdmenl poethe qne&ssnr 1460 including to

(configured for transcoding) nent s ther eof ) .
TeRR Ve ey deta; aeqgtor preyide hanccac%gp : H‘E)tf ftaeede@e(fj in a first
dal?eaér%ﬂ@ fafid fﬁfén\é@ﬁé?} infd § Bata B, BYRERe eRABPIRS Ol Bspects, the

I nation thereo For  exanpl e, a parser,
vatieao dan ,grq]npe pmrdams;)an a l@yereﬂmd@mg ﬁd}enlﬁec agtheremapdsdent different

BB o PSSR S S AL i Y G o over

qualR) @B Nreeideda Bvidr Q/@éﬁgﬁ% lityslehdwetied didiadyelds trex ettt @doded in
on ‘a processor, or a conbination thereof. Wen

a jaephdatpgendPi n sof tware, firmmare, middl eware or

[0@2@; O?:)nflﬁ% (tertaﬂ%;toﬁgro%@g} G glie?focgﬁgﬁ 136 QF@@ Sgl%{édqﬂ;r tran&codmg)

I'on cornpens ot c yl ng
cENFREhtS thapeoI- ARERDCEBYS dmuﬁﬁddrtheteim can baghplamented g thlsiware,

medi um such as a storage nedium A code segnpent
sl SR die, SRGaleaae TISToreife OT B ComepRRJte Kor example,

a pgﬁgg 2 MYecBddP uéﬂeﬁﬁyceﬁoﬁu% OE% odér l‘ﬁafm?é“ Srandal SRSt RBnents,
ay a cfass, or any conbination of instructions,
1ndaﬂpara$€td achardeste, ﬁrmwamg naddlew it émendosnpodenioofeaogres device, or

pled to ot her _code l§%gment or .a ha dwar e
bq:lqn@ [9';9& Hhé’]%lf)]ﬁ)ﬁo or software that“is executed on a processor, or a
combination thereof. When implemented in software, firmware, middleware or
microcode, the program code or code segments that perform the motion compensation,
shot classifying and encoding processes may be stored in a machine readable medium
such as a storage medium. A code segment may represent a procedure, a function, a

subprogram, a program, a routine, a subroutine, a module, a software package, a class,

or any combination of instructions, data structures, or program statements. A code



and/ or receiving information, data, argunents,

paraneters, or nenory contents. |llustrative Exanple
woho@/ossmnscoder Architecture [0071] FIG 2 il Pastusaioes37948

a bl ock diagram of an exanple of a transcoder that nay

be used for the transcoder 200 illustrated in the

mul ti medi a broadcast systemi200 of FIG 1. The

transcoder 200 conprises a parser/decoder 202, a

r 3% Rafdided cRBHIZ bR Opassin

5 d%gfﬁ %§Q%u$%ﬁg?q§g§§??%g%S%%ﬁg%/ The transcoder 2%6 s
andl/sr coaivirguinftmation slatac arguments peramatgrs, onmemorheontents.

mul ti medi a data 104 for one or nore aspects of the

transcodi ng process, as is described herein. Content

TlhgHa0 L8 Bkhnple &R A ThghsebdariAiekitdcteen a source exter nal to
the transcoder 200, through nultinedi a netadata,

[0QH cul 16 2BNustiates wrblopkedaram qfen caampls|of 2 twsefq?@f that may be
us&{1 gol%rtﬁg ?r%%%&ié%ﬁ)ooﬂluétﬁ? ERcRd %ﬁul&%ﬁ&aﬂ%&&%&@&@ﬂ f()O of FIG.

at ive of an conponents
1. CHiie ®gnstoddr 2@ domprisesta ﬁaisezméeasdet ha2, upeprocessbefz6, an encoder

225 o B S HPIE R BHE A T (o e et o Ly Bascoddt 200 is
coﬁ@%&t &‘ethLF e Hontd€ ikfoANKERASF t}?eogluﬁﬁﬁecﬁﬁ dxchores: 8fe or more

I'onal conponents may be included. Additionally,
aspats ofoths tehscodengt pracess.oteis dgsatibed élnmdﬂﬁgtept @é@rs@él@n can be

obgal,ueec{j 81%{3&%?1?0@269{{%3&%&6@4 “%\gﬁg ”2@8 et]hpou ﬁli’ll’ll!lll[ Hlatlﬁgt]adata or
caRuRiQL S theQfandc iRy, fo£ eX@iplB by the pﬂq&&fdsbc&dz%&fr&htﬂ encoder 228.
[0072] FIG 5 illustrates a ti m%f di agram as
a

Theregpionamts shows i BIG- drere illustaiey Oy BRI S ﬁh‘l%%be included

B e
a pdrtiedni ingplatheteatich) éné enendedf theldompedérs dﬁtlﬁ)transmﬂar 260 may
MPEG- 2 videog, is first received a tra

bepieddeg)or B RS S S RRe B S GincByed I Slitqr¥ porigns of the

tr%%%@cﬁmah RASDEG g:ggy@esge%rﬂié t R ®¥8do 2920 ANGwARERSARS of skill in
such as by |§ rser 205 in conbination with decoder

th@ 24.to sactitd tstinedngidn evérefevpryotstaibelsa praness s @rdeiviee may not be

paraIIeI with slight timng offset, in order to
deSeriRAIJETER r eam out put of processing data to the

[0!)172_]pr OCERS O jlRRBateslaGimidl. didfrad Ad MBraphidalAlraagort BEtemporal
reprocessor 226 has received enough data from decoder

re mnskopsb@fghﬁ operapert of Figys seEpenengs snskien pracespaseof the transcoder

2(1’0e ITRI ns'hngln qﬁ qﬁ@’rs %l ngco%teg %&eg}gﬁ%r@g%)s bvig géﬂcaged Phultimedia data),

nat ur e, r st pass enco cond pass
suehee (MPIEGSEOﬁde@,ﬁd fit e reretedi a1gn Wtramyctnme ze (On by the parser 205

G o B ghevidho Siren 3 Daos S beteanamenad ST Sitdscoded 503,
suefl Qs ?j)%fs']gp%’? RELFIMn SR Pfh A0abopT£dAL AIdsiBRACHER Frocesses

vari e inedi a data, and nany of the processes
caappdoyr o patadel wath slyg}‘e tohimg | affsee din ordiat ta prgwde stream output of

pr}qrg?asgﬁl%oa%g atp'g!thehgr% I'OC%gSr&e ﬁ6 h!:‘i% eisarrpA Iri’lov'i‘ld %%4 once the

preprocessor 226 has received enough data from decoder 214 to begin outputting

processing results, the remaining processing steps become sequential in nature, with
first pass encoding 505, second pass encoding 506, and re-encoding 507 occurring in
sequence after preprocessing until completion of re-encoding at a time Tr 508.

[0073] The transcoder 200 described herein can be configured to transcode a

variety of multimedia data, and many of the processes apply to whatever type of



particularly to transcoding MPEG 2 data to H. 264 data,
these exanples are not neant to limt the disclosure
woao@ssrodat a. Encodi ng aspects descri bed bel orcTan20w6/037948
applied to transcoding any suitable nultinmedia data
standard to another suitable nultinedia data standard.
Par ser/ Decoder [0074] Referi3ng again to FIG 2, the
par ser/ decoder 202 receives multinedia data 104.
mulGe@h/ AECRIRMsAEd.] PAHhUESS séiné bARRAKaMpHs/ RTdB@heein relate
"parser™) 205 that receives the nultinedia data 104
paicdlaparte éenschding MBEGH: datato/HR64 detaethep exvamples &g ppt meant to

. E 0 an_audj o, ES 208,.. prese ' [ Sonnli
i et e e SR PP b5t AR gtid o
trafgotir@SaryNGithIe enditindaiacdaf bidedar@ito abéther) sditable multimedia data

single video or audi o encoder. For exanple, a video ES
stapdargr i ses the video data for a sequence of data,

i ncluding the sequence header and all the subparts of

the sequence. A packetized el enentary stream or PES,
PageiBesdderof a single ES which has been nade into

ackets, each typic y_starting wth added packet..
[0¢/skdger _Rg&elp@g agfulnégﬁ[ ofrt g]er@rsg?(.pg,cogﬁxé%%%ég?s ﬁxgﬁgnedla data
10&{5?3}89986&99{ S inBlubles 4 FARpBRS KGR (‘PdFke’) ©0S Al keceives

packets have variable I'ength, not corresponding to
the eltfmhedia dpadRéend parsgsithoflata igta epidao qleraruay strapmg (206, an

e | onger .than a tran t
aufo R o5 o Py ol e kPR RS 21 P2 Shner BB Rul ROSRANES 212
AS B8 Rerid @ragpabs diie (Hidgd Bnaidopfrom 4 siaplepaddo pamidid encoder.
payl oad, inmediately follow ng the transport packet. .
Foreaaaple, Thilep disagampriserths ideokdata &g wapence of dagapmcluding the
[ f ' C i
sell R S RORR ap U S5 PUEREGforBE UK PRSI Hellftalf Stream,
orf PE$ ecbrisistsaof iaxeukle difytthichehas bedny metleififionpackitsheach typically

bytes, e.g., byt = FE | .. [0075] Th
ST LSl b g st o
on%]séuf@g% i E.oiitr?:m RAEL Vidh ot BEdiB_hSRIeE. dFEOpRk S QavéSb‘ﬁi/HBlet lﬁrégth, not

ere. er configurations' the parser 205 and
cotlespmhding2tb4hafised ppketleegbofpomepnrs packhs, MKSRY de apuch longer
sent to a transcoder PTS generator.21 whi ¢
th e e e B ORI R SR (oo ! £BES Mgy, the PES
hela@ert B bE AN8RAdAr thd MeeliingdI9€ d GagpbAnGicher pafiead, dnbeediately
sent fromthe transcoder 200 to a broadcast system
foltpwing thes waeeert prRokchrader of ho romainingpBER ek usaient Jills the
0O . C r . .
ol 3 R R BRI il PSRk TSP ARk, 2R fnal
trétspad pacdet EAONLl1dd G.a fkedllbngsh reag. elsy stuffingwith dgyteane.pf bytes =
one exanple of a process 300 that the parser 205 nmay
0% @8WoGhen parsing out the various packetized

[0B76{TeNt #RY p&kELCAIFPcommunicates the video ES 206 to a decoder 214 which is
part of the parser/decoder 202 shown here. In other configurations' the parser 205 and

the decoder 214 are separate components. The PTS 210 are sent to a transcoder PTS
generator 215, which can generate separate presentation time stamps particular to the
transcoder 200 for use in arranging data to be sent from the transcoder 200 to a
broadcast system. The transcoder PTS generator 215 can be configured to provide data
to a sync layer 240 of the transcoder 200 to coordinate the synchronization of the data

broadcast.



descri bed above. Process 300 starts at bl ock 302 when

mul timedia data 104 is received froma content
wonrowviodgn1 106 (FIG 1). Process 300 proceeds tecbiusedo6/037948

304 where initialization of the parser 205 is

performed. Initialization nmay be triggered by an

i ndependent|y generated acqusition command 306. For

exanpl e, a process that is independent fromthe parser
[oo%g a”‘i«"IGS?*? 18", 6l AdeBAR R lode LREBPNSF alMosss S8dD It the

channe I'neup information may generate the

paden 205 imayofollovnwhenl p3GBi1g detdibei wmigks packesizpd elomentary streams

ek BR8P0 APPSR R R gRAgRS: o

froff ACERMR Prol a8 106 ABIG.! LS tPradegs] 300 frbosds 364block 304 where
initialization can include acqwrlng a_ conmand synt ax

mmelnzaﬂpn afi tbe paps@r 287 ik mgriarmed: s tnifialzation) mpg|bey igjegered by an
1nq(e§ ¥| %:Plgr%ltedl & gg[l;tfbrnn’?&hﬁ%cf 88 aﬁ&rag')ganﬂg't § ocess that is

n_proto system 1 nformation) processing,
1ndéﬁéﬁd@:hﬂ'ﬁ@ﬁ1 fHeOgse3 120§ anfds ibhsedadi yn eeteatadly teceivéd W¥rschedule
e acqui sition commnd or the PSI/PSIP/ Sl .consisten

ang e phamnghtlingHp AMPBRAIONNJNAY FEEBCRIF 11BF s 2FBHSIRR rCqpRmand 306,
Acﬁﬂ@orﬁﬁ&t feagtlfﬂenﬂreﬁﬁ &8 sBeam f(‘i’_l% 8) dhiten a8k Wﬂ B8l @dyr Bé'jlnput to

acqui sition start nst ant) e PES buf ers hold the
assp&trisbdthEﬁltxahzaloaraddcf@lmmmpmeeSl%ch parsed ES data to

107 ocrer Ao sirfa i Bledl LR in b B Bt ommand
syﬂakervehﬂbﬁticﬁﬂ | 2Hb@Ring PAOCESS PR PPOWESIBLSTt O(pbdgpak  specific

for main processing of the recejved nultinedia
inER A EOHOERTD e@d;:, SYSHD ORI motpopHsysicoR Fflfelén%t‘é’Pb grocessing,

pe%‘a %%l E%%Hs ec&w ae%%tle& %B'Gntgler BRL Hoh _cor_nmémd or the

torln processing, ahd a timn
PIVR3IE/SS Cél&l@encyfﬁﬁflaﬂmeaﬂﬂdbgtlﬂg d @ESriedfeacipuicsiht PIO% and setting

O S e T G T L PR S i
th® Ipaﬁggcﬁsﬁhtg%nhh&nm’lb fitedhd dakéd BY 84t9as a3d@responding audio

ogram descr i pt or an I ndication of the PES buffer
decc)dmdm,eteﬁ egeafcér a2@diecadei 2, wir liansoatlen R BE gengirater 219

rof ey - LABEI il PP GUCRl B80S b CORE 0§ 1By B Bbeessine
of3hé rechRB %ﬂﬁﬁlﬁ@lﬁ Anda0040fPrédeesip@ishlogk 8P@tat inolidle target packet

occur, including generating a timer interrupt and
idéntdmir r@l]a} flmggng;,uqaqr@plgo%ﬁgl:ga@ﬂ@/ﬁl menitgidng and processing, and a

tllgjgl:%spg‘i) e85 g(? Ly ke dcRi e@ﬁlé dads1al aF s1981f1 Idﬁfaalo}% id th%f({h%tmcommg

ant el it ary str program
mOltin@did Bath S paeST rit@tier a@mﬁma%PESl diuffersvi Ae@,reanitdof processing

subtitle streans. [0080] Referrin o .Fl 2,
the e S de1acs Puishi Oy hrogtien SoBDBang ipign gf i PES butter
rga%lel en%et?e}ﬁecﬁ Qhnick %ﬁ%ﬂ@ggéen&nh%é REcddeRD$4 QERY. 2) as described

I mp ntation and provi des theencoded text 216 to the
hesginbélowvayer 240 and decodi ng of the audio information.

[0398] After block 310, the process 300 proceeds to block 314, where termination
of the parsing operations occur, including generating a timer interrupt and freeing of
PES buffers consequent to their consumption. It is noted that PES buffers will exist for
all relevant elementary streams of the program cited in its descriptor such as audio,
video, and subtitle streams.

[0080] Referring again to FIG. 2, the parser 205 sends the audio ES$208 to an audio

decoder 216 for corresponding to the transcoder implementation and provides the



subtitle information 212 is delivered to a text

encoder 220. C osed captioning (CC) data 218 from a
wdecrias70214 i s al so provided to the text encod#eT/UR2Me/037948

whi ch encodes the subtitle information 212 and the CC

data 218 in a format effected by the transcoder 200.

[ 0081] The parser/decoder 202 al so includes the

decoder 214, which receives the video ES 206. The
engtf%% 221334to°£ﬁ@ SWEQEﬁéreZ4@e§r@d@éc@dﬁ§%IQh@hﬁ&ioVi‘hfo'i*matmn The

ata decodes the encoded vi deo packeti zed
sub:titbnmﬁdrmayosﬁrléamdﬁhvﬁﬁed tma vextencoder 220or (desedysiaptioning (CC)

aoB AR SR 5 O A B e B QRSB Ay o e
suﬁﬁt@ inforTAQ¥E 28 fl e A2 D1 8 1n Aifdrat ¢ taaltsy Bx &miﬂceder 200.
a decodi ng process 400 that can be perfarned

[00f4 o der T prsepeasiss 20D lsstins udesing HieF‘PﬁS’ﬂtﬂéf WBIC% raf‘e%ves the
Vl‘fﬁﬁ’ p%%r YRt rdg (343 é&%ﬁ&ra@ %kad d—d}ﬁe@ W#PFRIeo data,

roceeds to ock ere eco 'S
detddet i 1Bk i chedded nideb apackeized relemyntanyc htmiam antnumiv»e videb 224 (for

t asks, |ncI ud| ng .det EC“ n of a vide uen %‘£ 4d
exppplg) In Handasd APty tipn 280 pEESSEF Jso &Y 6o 3(?3%516 ata
in dv1&’§>]§%§t?éa§1¥ Ext ensi on processing (including video

r mat primaries, and matrix coefficients), and

[0882]0c atFifig 4chows b fiofedisgram 1lle§rﬂé1@g ione Eyarppiefobp dednsling process

B SERLSHoRoBsee P RRSEIGLaTF, PAEAS RbuBlOR oo v

elexﬁeﬁ&{y strefrp damtioe it BRRk FOYV THe grd@ysstm Receas toXock m4 where
(e.g., which_can be generated, by process 300 in
thg| gqxieg ];@) 1@1ft1amqtj §1}1t1a{1m33]m¢y iiaglude, 2¢ pumber 9% tasksytincluding

de?ehcagk of1 9 ideb Q u%h&%c t ﬁgf&[ ge o&ﬁ% % grs*i’ Eﬁ’s‘%k\fﬁq 8\/1éﬁ‘tl)esreﬁuence

roce s ng rforned by
(V9) eaIdEK‘/SdEfs E&ﬁxtéﬂiﬁmn plrooemmgi (herludicg uritEs foohti n@ot hﬂmanes

vi deo PES_ buff nf or on _or a
o B ARSI SPC R BT GTTERAo FFaRepie baffer the Becoded
1)1%o e ngsBElld&H'rH&atﬂﬂg amxd leééd%aﬁheﬁ? tC@)”‘@iaﬁa aiA dRitiohHINE the video PES

aries syncnroni zi ng deo & a gener ati ng
buffer dckadl anﬁmham)o r406gpra171dpi by dheepm@@m&ﬁ iseigputages. ,Oghich can be

data orin t The results bl ock
gAgHie erﬂ%E%ﬁgb%Pnpl?ﬁf}‘gegls(f)?\#}%é incl udes generation of
[098SIUENC R fiEle HfifiAlAaR6S at BREROAH, Phe prcesUdd eroceeds to block 408

descriptors, netadata buffer descri ptors, and CC data

whert fthe mpés pracessins of freogdgo Estlérperﬁ@en%bﬁ the deensist gi- Main
préQGSS]SIHErIS&SE% ep%?]?r%égh%cﬂﬂg&sPﬁ§ b%kfgﬁ_lﬁeél&’%nwaﬁoﬁ bor “interface” for

rocess term nation
néW deRSaitavilityn décwdimgj&feemdﬂmEﬁgrebemsnnunamg and storing pixel data at
condi tions, including no ew d@} a occurri

g%f?}‘dor & 1 stori ‘
DiSBFY (PETGEFic P RE TOHZ A0 Vi e BRIHAHIE TFFICEGH iy storing a
pl%‘r%&]ln%n&f afd é@ﬂdla%e[‘gtsnﬁg‘& rgi&qf’e- bARRs, 4ekesdli9BIRE 410, of
an explicit 'termnation sig he term nation

thermaie gsoaeasing 408§ erludas cdenetetién of seyyenecdetetiptors, decoded picture
buffer descriptors, metadata buffer descriptors, and CC data buffer descriptors.

[0084] After the main processing 408, process 400 proceeds to block 412 where it
performs a termination process. The termination process can include determining
termination conditions, including no new data occurring for a particular duration above
a predetermined threshold, detection of a sequence end code, and/or detection of an

explicit termination signal. The termination process can further include freeing decoded

picture, associated metadata, and CC data buffers consequent to their consumption by a



pi cture, associated netadata, and CC data buffers
consequent to their consunption by apreprocessor to be
wdesrisg@d bel ow. Process 400 ends bl ock 414, wOEMUS2006/037948
can enter a state of waiting for video ES to be
received as input. Preprocessor [0085] FIG 2, and in
nore detail FIG 6, illustraée a sanple aspect of a
preprocessor 226 that can use content information for
prépiieeSor BPHE ACHBEP SEDH. MBroBR 148D ABS block AR OFRER QL cabbbnter a
ecelves netadata 222 and decoded "raw' video data 224
stafer afrw ditieg foavilep Efctodgaece? G2l asThgitpr epr ocessor 226 i s
configured to performcertain types of processing on
the video data 224 and the netadata 222 and provi de
Pﬁ;&&§§§§ed mul timedia (e.g., base |ayer reference
~ franmes, enhancenent |ayer reference franmes, bandw dth

[0085 or méilBor?, ashiermorenteaitaFiGn . dHustiAlY &b SpgPienaspect of a
encoder 8 r.e SSi t i :
priAfERE0E Fhe oy Lol BETERGE Rifhalion Tl hE 1 ofdtpfepkdissing
op6RIPie SPrtpocatdd 2Icerecsivel metadatd 222 anddemdad fsawt Hdeo data 224
preprocessor 226 receives video uence rovided b .
fropn R B GIGISC oA 208 1 T BPISP e 2a0d Conie i c: B Rpt gertain
tyée@ f }6&&%%1@81‘1‘ ARCHAed BAQ 204 QQH BRSInbRAN P20 HAPHEONEE Processed

or further” processing (e.g., encoding) by the encoder
mdffedianespnbasasippat sferehee frwmps.ovdesenmenp dayegricfpsence frames,
configured for numerous. gperations,...n ' ' e
ey RS st Sprnr AToRRR PR, e vigkd 3o HHE M AOIAS such
préfRoR¢ahg ofehlfighddta dde- fnoakproge thadishal BRiriey, ngki-aliasing, and
resizing ée, g., spatial resolution down-sanpling from .
cogtaessian kiternay of e deaQfaencsrlvithie BTaOresAIoE L2 eggjves video

s<hHCEN YRS b BR0 AT BERERS! IRaLCAR e spayert the video
seq@ineed intn prozarsdsivadeddol segherdes dat fucthyr pfo0€BBlz (Etee, encoding) by
preprocessar 226 can use netadata fronlghe ecq%ﬁé)to
thePIEET Tike 1BFOMBASIH: IR@TGNBISH RS2 Al b GRSy nmerous
opggattﬁgétiﬂclﬁcﬂﬁ EMFééqgl,ebiﬂE,odeﬁﬁﬁEﬂl%g; %ﬂlt@ﬁh@?e.%ﬁ grtifact removal, de-

scri'bing, or classifying the content o _ )
rinping, i desdockinga taad (decmisiegit résivieg (mg-i opatipl rgsplugan dopin-sampling

t he t adat.a .can incl ude. a ntent , cl assi fHicati
5B R0 o LB i SRR A ST EAS TR B
oenBaAbARE. £ O RalBRtihE Cofrlex@}GAsH RenReiAist@RSchahfe deteftion, and

cases the preprocessor 226 can be configured to
fade/fleshrdetestioont ent i nf ormation and use the content

or 0 r.Qr

AT ot bRk ROEPSP SAT PR QRIS SRR 1o et one o
mbfeeof thansemdesssid@ pematigns. Metadies osle inc2B. infornmtioe relating to,

aspects, the preprocessor 26l§an #se sugch cont%%%ﬁ e
daspirip gt icasifng Hie 0BHEE o Ghe armetiadhiag conettdpioppation”); in

pﬁﬁaﬂ%PEHeaﬁlgtaHXtecaﬁf inklddb €S icBftenBBLGficABher M R6me aspects, the

encodl ng paraneters t hat are comruni cat ed t_O an
metadatd épeq 100 81ludel @ntedit sitfomsatian debikadsfor andodéngeopempioas.ofn such

vari ous proces | ocks that c . . .
cases the preprgocessor 322 can lﬁe conf%;ured?l o (?e%emnne content information and use

the content information for preprocessing operations and/or provides content
information to other components of the transcoder 200, €.g., the decoder 228. In some
aspects, the preprocessor 226 can use such content information to influence GOP
partitioning, determine appropriate type of filtering, and/or determine encoding

parameters that are communicated to an encoder.



included in the preprocessor 226 and illustrates

processing that can be perfornmed by the preprocessor
w@2607/0Bg7o1 hi s exanpl e, the preprocessor 226 reteTA82006/037948

net adata and video 222, 224 and provi des output data

614 conprising (processed) netadata and video to the

encoder 228. Typically, thed®? are three types of video

that may be received. First, the received video can be

[0(557?9 resgtve shbHean 1H‘{ﬁk@1ra§vé"@x 1%18 0@ WhAGsSrobdss bRIBKS R can be
Second, the video data can be tel eci ned video,

indlwdeerin Aloseprepiodesso BHvand: iHystfatesproaispie g ihnk ican be per&yEed, by the

Third
progdRE et cebnah (M HaNCedhs PrbiboctpE 374 B LES BB md video
22D! 9288 bRASRSs lonpRs dafa Mwaﬁnmllogespmdseaﬂ) hedtadata and video to

[0088] At bl ock 601, the preprocessor 226 determ nes
thg ¢nqoﬁ@r 228 cTvrieplly; theee #arthrep Sypes 25 ¥ideg thatggebe repgived. First,

the | 4eQ.dl Uldf%’ {%}ecgé %%%%rggé'lvce GRRoD Sy 1LEd %5%%]5@&1&8 ik r'i‘éﬂuured.

adat a ta contalns such ormat |
Seb@fncp e ekisd rigtacdant feeteldciied idda 1n1t:ﬂaadeﬁ vidaar ccawartprl ﬁom 24fps

an inverse telecine prqocess, described | ow,
el SPRFGHESS fif PHECH ot HeqVighae ’P@é 5?99 i, BF \non-telecined
inté}198Q- vidido. Pleptctessol QZ@&&F@%&S@ E&@@%‘és bPviRbOsKdREbed below.

where filtering (e.g., denoiser) operations are
[008K]f or nidblonk A&, the dweproeesses d«rt@mslees Hube repsivgivideo data

4 ian no e video d
23 3 s TR GR aadto I Spe R kst asthhuley B e metadata
if tR 1hétaddta 68AaihOsi@hahfeRatet, @8 be rpr&ﬁésmi 6ﬂﬁ19]v1®ba&ea itself. For
det ect or 604 di stingui shes between video t
exgplfl, MAtIBYETP (elecing Bropers. dergribethbelami AR @é@’&ﬁlqerﬂf dhe received

V1§% a?g? ppcg adrASial o Gt id ftleé %?oéé%‘ébgic%ﬁs' % pRde 607 where

eo was ftel eci ned eci sion path
fileetinigi (l.g.,p)hﬂ&@erbi epaatiars #56¢rfomive drethe viideedovediwe nogse, such as

Wit it T PRl Saaed o7 Bt BIAEreSH o Ak df block 601
thé‘gfbcfaésﬁdrgéeg§fo' &k ff(f4qmatﬂ?ﬁse$&@&t6‘ﬂ ghao frane are

woven into a conplete image. Since the sequence of
[008%]onst lest: deteétot 604 dmglegnsrb@s depteen giffeaphiteaigingted in a telecine
ord

o0 PR B S SE B St 3y O &BRS i e

viB&d triab hélét@ﬁedG(-tli’e YESt RiGAr patBrexAdP piRisdTdeectot 604t telecined
using the inverse telecined inmages rather than the

vitleg iscrerereddat its, ongindHormal iarnyerpe pliciic @¢GreR B%@éiant frames are
1dL1%9?%]anh hﬁﬂl’?até’ifﬂl%cf#eldst &E%v@ﬁ 3 FELERE A eQQ?an{EBﬁ@?ewoven into

eCIS ons after receipt of a vi ranme
a Tdftﬁﬁ}ﬁietde(im3geons Simel uhe: sqguinosh eff hmcohhmcmdesfﬂm imagen were

f d h
DhaETaRh Al TR G pnieryaf ofpig 2+ Bl g e BB iption
prob&Es paforndilin(d Gth D68 8198 IHeNHAED8aS more accurate using

conventional NTSC. That decision is denoted as phase
theSnveTieeislecided irsageasathppiban thes tededimet dato fwijelakes an irregular time

det ector 604 shown in
base.

[0090] In one aspect, the phase detector 604 makes certain decisions after receipt
of a video frame. These decisions include: (i) whether the present video from a telecine
output and the 3:2 pull down phase is one of the five phases Py, Py, P», P3, and P4 shown
‘in FIG. 38; and (ii) the video was generated as conventional NTSC. That decision is
denoted as phase Ps. These decisions appear as outputs of phase detector 604 shown in

Fig. 2. The path from phase detector 604 labeled “YES” actuates the inverse telecine




Fig. 2. The path from phase detector 604 | abel ed "YES"
actuates the inverse tel ecine606, indicating that it
wbaseo7magni provi ded with the correct pull down poass2®6/037948
that it can sort out the fields that were fornmed from
t he sane phot ographi c i mage and conbi ne them The path
from phase detector 604 | abéBed "NO' simlarly
actuates the deinterlacer 605 to separate an apparent
60D TmGichfidMhat 1tHas bb&l slovided weihl thBRbrrédt YRBRWADhaddIso that it can
phase detector 604 can continuously analyze video i
softrcantrtlee fiblds thas cuers doumeds pmnthe tspmesphofogriphéo imege dul combine

receiyed ny tine. an eml ary ag-deq . '
the@ing 'R%ktﬁoﬁh@hﬁ?séégth ardlir‘#ﬁflé3 ekasg@?ggyiﬁ?8MBSthe
del i@ 1a¢E0605 @Ssepara@ERRIpPhraht NASCefrarees Selds éhrampitine] pideessing.
resulting progressive video is sent to a denoiser )
Thef phase fytegioy 6lkhicam cominuousiy swalyEs Vids@uE@mg il because different
B SHDA) ok 0 H e CaRan e MG Ay e
NTSC istapd@ttinhdyelst ineertteli intoetht agieo a6 @cofmmerciahpAfsisingerse telecine,

The deinterl acer 605.transfor the inte ced,fields
thg GFopl BEEGER TN, IED * ST 0 BrfBPeTgUBREr GUT BEh s be used to

IB&Pnggﬁ(gﬁﬁggﬁﬂggaon the progressive video. One
I'lTustrative exanple of deinterlacing processing is

[062HCr i bWheheboventpodISTSCrvdeq isoresperined Ghe W@ @gth from phase
evi c l.ike televisions. er Ad gdeao, | . ntar |
aefiinaions & o0 Rl o AR 2o iche Bl 28RRnacer
6051 tR@SforPY €t fniteladdd fialdsl t® gebgitssive rvidbos arddérioiudisg Opatations can
field). Fromthe signal sanpling point of view, ]%Hl S i
thew; be geiferaresran the pIogIpst eoUepORa MlusHRE ¥ EYamje ohdginterlacing
eLk oI gl y: (x,y,n), if ynod2 O for even .
Pr?‘?ées%lgé%%??(&@éd%%\pq {x,y,n), if vnod2 =1 for odd
[0092]l ds, Tadlitionkr assiog, videhedenicee, likvhaelevigions aroderf gideo in an
in%egll%%%“ Ig]ge?‘:c Ff@; ggcﬁxaﬁ%v(ict(e)%’rt?a’;psgﬁi évlaeg(—jlcﬂugg)gs ! o?ﬁ Qcteaﬂ éines (even field),
andWddZaHred é’c%ﬁtlf.n(‘E@]kodd?ﬁBid)t. SYBRY Rk PRSI $an@hing fposat RIf X&dw, this
respectively. [0093] Wthout |oss of generality, it
is equi vilentde suspeitb-reny@ril subgampliog in a patedry deseribedbbut t hi s
di scl osure so that Equation 1 above is sinplified as ,
Qx,y,n), ify déa: nmod2, [Erasure, otherw se, [2]
[0094] Since de¢Piavion i syRed2cdhdlstt v idde

hor i zontFgk ydih rene(y,x)t he swbaarpl ipg pad t geds,can be [1]
depi ct egqi r%dt e c(axt;rz ~ %/ coordi nate. [ 0095] The goal

of a dei nt er| acéf 4% XA or m i nt er | aced vi deo (a
sequence of fields) into non-interlaced progressive

whéB NS sthitdssfod eneeginll frarepiiure] I gtandy fowothel$nterlaced field, and
(x, v, n) represents the horizontal, vertical, and temporal position of a pixel respectively.
[0093] Without loss of generality, it can be assumed n=0 is an even.field

throughout this disclosure so that Equation 1 above is simplified as

F( )_ @(x,y,n), if ymod2=mnmod2,
B a1 = Erasure, otherwise,

[2]

[0094] Since decimation is not conducted in the horizontal dimension, the sub-

sampling pattern can be depicted in the next n ~ y coordinate.



i nterpol ate even and odd fields to "recover" or

generate full-franme pictures. This can be represented
woyoEgasion 3: [3] where F represent dei nterl aCTMNG2006/037948

results for mssing pixels. [0096] FIG 40 is a block

diagramillustrating certain aspects of an aspect of a

dei nterl acer 605 that uses ¥ed filtering and notion

estimation to generate a progressive frane from

[00935 erl %%d%om‘ bt hrreiesdat & tolihsERREMtAREEd 9fdeb!(Bsedidnce of
shows a notion intensity map 4002 that can be

fleyls)w mtamed—mrsﬂmc@du progiesatd Games carseguender einframes| I othgp words,

ous fi kel d and P FLe
BBl e o8 4 o B Bt - sl s cam e
repré®niFa by EyubfibeBsi ty map 4002 categorizes, or
partltlons the current frame into two or nore
different notion levels, and can be generated by

spati oﬁte@npoSal Ffbcj)t e)l ygmodd%nmlobéd in further detail

her ei n oWt T S the notion intensity map
4002 i s generat FE(W ?dgl%%[w?y static areas,

sl ow ni#li on areas, and fast-notion areas, as descri bed
in reference to Equations 4-8 below. A spatio t enpor a

wHelrd R fepré@efit deitdémating tekelts f6D0Mssirfg dikeds.s the interlaced
mul tinedia data using criteria based on the notion
[0096] ens i HIG. m@ms abtbcprdiggremsillastsqingi @mammneaus of an aSpeCt of a

By SHL3 908 BB LR S0 SRR era o
pr@ﬁbﬁm%ﬁﬁ@ﬁoﬁf interfhced InultAn6Rs HitealThe e PQM(HIGOﬂO shows a
0

, and a tenporal nei ghborhood five adjacen
m@mcewl 1@'§T131W‘Im@h 4892 thag parebegrnstptesl usimpinfernatipn éqoafsa pypent field,

twlg ng\as)us fl?ldg t(l?% tP%éﬁ raS&]EI é%ﬁhdandmt u@k&fugnt ANGYL %Mtﬁeld and

representing a
Néke Nkt 6iEIdpN@hé ingdtidn iRehdtyl mep #002 MGgamzeﬁmr pErtﬂ:iods, thdf] eurrent

Next Fi el d andthePFleId are non r|t
framinfpiv @) O ilTEIRat ReNen Kk, e 5 28 5{‘39/ 2pithemporal

f11¥ér1|%| dﬁescgg@d %ﬁg&b&rtﬂpﬁgemi%él%@ flﬂrsoﬁﬁa&fsb&‘tst QPRGBS intensity

ers to the spatial and tenporal |ocation
mq_ﬁ 4@02ells @snmmdd b Kiehsfmittlﬂ:edrd:aﬁ, tlewemaoliom argaSt pred fast-motion areas,

terin erat| n |IIustr
e taengh o s SR drhre. A e SRt gigh p-g, Wmed
fllﬁé%oéﬂ)z)h fiersd@k Nherhagehufilfe kA daal §thd Beletil®aged on the motion
denoi ser (denoi sing filter) 4006 configured to filter

inteheitys papi andiwagenrcala spride-fesipsnal| prevpinndrdeitertpopd fggme. In some
asgﬁcgi itgt %’ bé( fltltiernrl)g 8ro%e£ Jn(l?ll;za ?}1?51‘12@5‘10& ﬁ% EQOJIH@OCI of [-1, 1], a

ora vi ST ona ced
VTRl Skigﬂbﬁmbs@ @O ¢IB, 3MDdndon tedgrial mepghbotred rabrfeve adjacent fields,

accurate especially if the source in ce
whioh prEgr o AL sty 4 6 i PR e P € o el Next Field
I
NSk AR B PR PR S BRI By of e s
REGHAT GLthe 400 fene #eldethé MekeFRI el af R Fisd ia&hyon@f)anty fields and
filters including a wavel et shrinkage and wavel e
theyRIhEield and the Next Next Field are parity fields. The nelghborhood used for
spatio-temporal filtering refers to the spatial and temporal location of fields and pixels
actually used during the filtering operation, and can be illustrated as an “aperture” as
shown, for example, in Figures 6 and 7.
[0097] The deinterlacer 605 can also include a denoiser (denoising filter) 4006

configured to filter the spatio-temporal provisional deinterlaced frame generated by the

Wmed filter 4004. Denoising the spatio-temporal provisional deinterlaced frame makes



filter based denoiser. A denoiser can be used to
renmove noi se fromthe candi date Wred frane before it
woO0d7msster processed using notion conpensati ORCT/US2006/037948
i nformati on, and can renove noise that is present .in
the Wred frane and retain the signal present
regardl ess of the signal's f0equency content. Various
types of denoising filters can be used, including
thé"@ibgécﬁ.\%mf inbﬁ@ﬁ §ear<\ffﬁﬁﬁie@&issméireeac@ulﬁ{eaés%e&ﬁll}f B¢ k@Wie interlaced
use o localize a given si i n both space and
mugtimkedliaglatho sejupace rsmnfma@t Mawhlifdé@ls%eﬁﬁ ¢ Pl et baast partly
is tQq. ze the S at. dif.feren c
reln it PEES S PR inaftin Bl REUEN s e Hebiser 4006 can be

ImpRPGRERNMsa vaTetpopdless dcldinges mnaemgirmksgaahﬂd wla%iglewlener
in the original signal. [0098] A wavel et shri nkagc?
filter hased Idenoisgrefalenpiset an hedisehio emeye paisg Sion g cas lflﬁfs Wmed

a?r?ngéf?%rrtl Al {or %éé Kl?sg@ GRRSH S(:Bﬁqug{nﬁaﬁoﬁ‘@f{f%hﬁﬁtmn and can

ranst orma on 0 si gnal
reﬁlbf/et b thadfs ﬁré&nsmﬂhb Wimeé fratnecnd frétiami the B@nakprzmnbregardless
(or smaller val ue) V\,hll%leawn Sa‘ﬁe | ar

of iBe 8] & rifeduEnayr FONEY. VIFIRYS 1P W@?‘%fﬂt@fs can be used,

1n51{1@1ﬂ§fv96[ VAR if@idrd. S WAkl BRG: tRsP6fl thlcBohd BsedSol IBAIEAR a given
si gn [0099] The denoising filtering boosts the

Slmmb@? Spacemmtdu smhng)d@emsat T fundamsnig) idep pehigdiggvelets is to

an\f:/lﬁ'\é/ ?t/ éfgg%l ?.ﬁ, g&g?‘%r}?nOI re?clﬂu dOIi/SOéllCE P{/g@gﬁ r&alll S in the

whvRle® @ep?és@ﬂ@.ho@pfddﬁ@@ﬁ céx@és‘pﬁﬂiding‘@\sﬁiaﬁtchhﬂ@ﬁﬁ fiheer o glﬁal si gnal
nonl i near shri nk a%? denoi si ng, a linear inverse

lome| etAtwayslet ghrmkagnar ywanelpt Wl“ffleé filtpiscag bgadsodis apptipd as the
deal ﬁgra(}VgJegétesﬁgﬁpé%% Neofti@fesPs é‘ﬁ&%@%@:@trhﬂ@&%ﬁ%oh 'Hi‘gﬁ‘é noisy signal,

ve nol se a [urring. Such filters
foﬂb@e@ ®|yer Eﬂrhﬂmkgw ofwthe smilhevaselet aoafficients deserd budsmdlier value),
" | deal tial da

t b
lelﬁ ﬂeﬁwgéethe lqlrg? @p@fiﬁ]& cte 185151% a%ﬁnV%%gliansfﬂrrRﬁtlon is
dto &ﬂ&r&he@sm@é&@@i%ﬁ " rrpr ovenent V\avel et

enol si n la enpirical ener filtering," Proceedi ngs
[0099]spl EThe Gkn@562, fippingaboxBosie SEHrey cefomotion yorgRsation in

e SR e, Bt hE AR R g%l GBI Th hd Haveler
trddskdrBf dbmal¥asAd efpiclyas@esiisedf theee( $tepk) a Mt ffogmdl wavelet

cubi c B-spllne wavel et filter. One such filter can be
trefisfarpe d npplindae shr@j}lqagwiﬁ@m@g,mﬁ @ lipger inpgregy wavelet transform The

V\{u%rgeng l%r Ef’? a[ng)E—o%tﬁgélz llgéu‘ )f‘{l§\§ Zv&;lg%h )ang 1%{ f_ﬂ:@g)dt_o ?nzprg\zfe émages :
de)grddéd%y-laddrtﬁe)no(se nvé bherihg. afsdhofiligrs are generally known in the art and
are described, for example, in “Ideal spatial adaptation by wavelet shrinkage,”
referenced above, and by S. P. Ghael, A. M. Sayeed, and R. G. Baraniuk, “Improvement
Wavelet denoising via empirical Wiener filtering,” Proceedings of SPIE, vol 3169, pp.
389-399, San Diego, July 1997, which is expressly incorporated by reference herein in
its entirety.

[0100] In some aspects, a denoising filter is based on an aspect of a (4, 2) bi-
orthogonal cubic B-spline wavelet filter. One such filter can be defined by the

following forward and inverse transforms:



w4 32 8 32 7 [5] [0101] Application of a denoi sing
filter can increase the accuracy of notion
woaogaas@aii on in a noi sy environnent. | npl emenPariusmm®e/037948
of such filters are further described in "Ideal
spatial adaptation by wavel et shrinkage,” D.L. Donoho
and I.M Johnstone, Bionetrka, vol. 8, pp. 425-455,
1994, which is expressly i ncor porated by reference
herein |n ifsq nt|r [01 The bottom part of FIG
40 il bis) FatJe Torhza (21+Io$)( gasfgmrot i on
i nformati off i on vector candl dates, notion
est i matl on, m)tl on corrpensat| on) of interl aced
andrultlmadla data. In particular, FIG 40 illustrates a
notion estimation and rmti on conpensati on schene that
is used o @enerat on g S Vi Sional
progr e84 ve s framg ]g"f gzeT%c? PZ 3’ ﬂ) 3mtvﬁresﬁ Transform)
combi n W|th the Wnad pI‘OVISI onal frams to forma
result “final" progressive frarre shown as
”=| nt er ed.current, frame 4 sone aspe .
OHH; on é@ﬁ%ﬁlm{ OfpP )deE%fﬁ]drgd%\g%rs ‘o Fncéf%%s scf%ltn%F Y {§femotion

cohfﬁtaﬁsrah@ﬁ ad Abish "BEiEnE8AR IMmPlepiedvitdad dfOsut:lli‘l efilters are further
dei nterlacer fromexternal notion estinmators and used

degsapibed v ‘ddeah spatial tidppfatien Ry Wayeldsishankagst'i BlalDerahpond IM.
J oﬁns&dn@%%me%% CRIPE g@jatéﬁé_‘ﬁgg/ﬁg%p 4‘%55%9}@6}?1‘988%8' Ou?orated by

andi’ use
reféﬁneqéﬁkmﬁdinW&nﬁmty nei ghbori ng bl ocks for M/

10FR8 of P boténse BIRoRoEke b RiRIS A5 g (BT ae b motion
mfo?mgtl&? g@% ehloR6R Qe%?¥ér9h'§atésr AR AR mat b rﬁ@t‘idrpébm%ensatlon)

conpensatfon can be done bi-directional, based on t
of pntestaaedsndéimetiardases do fartsavbar7BIG @ iHugienias y@oigon estimation and

o Sl 05 A Ll YO B 0 s

OB 886 frithe 6PHRIsERBted Pante, 6RdHeAONARED. with the SMhdel Pgovisional
deinterlaced current frame 4014, now a progressive

frémetpeforn & rpvulbtingldinal spReicssivhBaney showa et deintsrigeed @ugpnt frame
a.dei nt erl d 0 ‘
0‘;1 Ilﬁ Sltoél%eeds%%fsér natF3 | %%:tﬂlf ( el n? %ﬂa@g{rés ?82061‘5 8Irnates) of the

infedlasRl) uetimpdia céas i ang . prpudeB]to | I‘lhel denpleﬂmeblfeom oexternal motion
decoupl e_dei nterl aci ng pr.edi CII enes orE[%ri Si ng
espmam Aed 8890 BYIta @ BHIPE BRI AP Bi-qiieg}ignal motion estifhator and

e‘ﬁgﬁ&l g)ﬂ_‘?/ﬂ/[(%")témlg Wedmt aMEe&? FLY:Y |c§1§d1ﬂ‘a€i§ gbieeBr 402‘2 uses

er wo spatio-tenporal Wred filtering can
pmmedslymiewlnyurfedrMVﬁst fa- rfm@bdnngtbécrqbslfdt N-Bh Cm%@e@f the blOCkS

be\é\gglf {)rﬁﬁé nt rsg%{ ?e:sl tﬁfﬁéﬁi o %%#ﬁggoggsg‘acgglggfst ﬁor engg]lgle blocks in a
de§htBAMed PRI sSTRarh Q10D Q‘ﬁe nlRioHVEBehpE@RtbE carblbﬂ ddﬂ'¢631 d1rect10nal

visual quality after notion conpensation ae\p
based en Hlegueyings deinterlaced frame 70 and a next (e.g., future) med frame 4008.

A current Wmed frame 4010 and a motion compensated (“MC”) cusrent frame 4016 are
merged, or combined, by a combiner 4012. A resulting deinterlaced current frame
4014, now a progressive frame, is provided back to the ME/MC 4018 to be used as a
deinterlaced previous frame 4020 and also communicated external to the deinterlacer
605 for subsequent processing.

[0103] It is possible to decouple deinterlacing prediction schemes comprising inter-

field interpolation from intra-field interpolation with a Wmed + MC deinterlacing



because bad pixels frominaccurate inter-field
predi ction node decisions will be renoved fromthe
wolrext/oBgdon er i ng process. [0104] After the apprepriuaR®me6/037948
i nverse telecine or deinterlacing processing, at block
608 the progressive video is processed for alias
suppressing and resanpling @e.g., resizing). In sone
resanpl i ng aspects, a poly-phase resanpler is
scheFR. B BHRE WdRls, RhE kpdtR-©inpBral 8% et Tdterind af ©eexsedRthainly for
of downsanpling, the ratio between the original and
intrqEelde biterpglagipe t RHrpose&n Whie pinterdieldyietewofntigndcap ke eperformed
relatively pripe in e . .
i i orflch Fiohr 8 HeRucst fic PR g E A E by R Wnea
redult, SO EheagigEAlt Gualisy Qft€r Mmotion esmpemgtib@dd appliedriounore pleasing,
0.5. The cutoff frequency does not exactly patch the
begauise Apadg Pigls fromp inpcqwiate dnteiolield prrdichpyHnpde daeisiops will be
-£Si uence. This inevitably
’Eéﬁﬁgﬂg&géﬁ%“gﬁﬁﬁéﬁﬁgéﬁﬁﬁéﬁ%er, it is well-known that
[0h04Tan edfier theefppropsintaripvdyse tedecinet ¢ deinteilaseg] ppicetsinge ot block
o blurry and alias-free pictures. [0105] FlI 4 1 ..

60 o ies Ve 1 e R Ploctr b g 2 SOH SR e ich g apling (e
reSHAW. Ndn tdoehePRABRSINS abiBts! Q%c?l&ﬁﬂaie%ds&ﬁpleﬁ is ithBRmented for
cutoff frequency illustrated in FIG 4 1 iIs also. o
pi@uieggizratesizing|Is oae expmplgsiirdevayampling ¢he pipebatygen the original

iih vertical . A Sj u i ' .
ol SRR il £/2 Whele REha 2kt SIRLRy Fiffncgers. The
totafnafrbeimof Bhasssie preltehaast fidimencit of fihd pelyuysnasy fikas in some

chosen to be exactly the sanme_as the r nplin

: a g
aspegty Bn0-6tfe resiaes fastors peruad s 1 J}be;q%qf? 3&?@?@% qofg mot exactly
| ; | 1581 :
PR il e, YL LA PRI RGehd) HeAdL o s
seressiczi Hygs indvitaklyralloivs soine rliesing. déowenensit isuweli-koown st human

ori gi.nal pixels. h in the fol |l gw. ion:
exBRPSHE gp b e B P g PR i S PRETRR: of 1
[oiogauengys. Ahauapave dr BxRapk- BhdsB-pHidké absadlinBe showing the
applied to both the horizontal dinmension and the

phasgstif gl regizimgmstionis %.0Tbe putafdremencysijastratest in FIG. 41 is % also.
I.es | i res) zi IS C [ . QV can.. | —_
SRR SLIRSHERTE) w3 OERUE B 0o R4BEE SR Ancion

altd dRSvn afdeded Gogid &e wicdeo eprosehthibw efilE2 Ovpiekahs Betause we
each scan _|ine. However, not all of the entire image )
cHiogsa,ihs iCBIO eruengY BRBGISFbl b exaply FesH R dis ToRATRRIg ration,

lof EheBk i Sfapk tion | §T&h® Bixk]sfrtet PRiZiB UBustrated
m%%§P§P§ﬁﬁbf vﬁgﬁ% esﬁg ga?{gﬁﬁggérsgagé FOlS? %o ’elgrae
intFiGadid awitk rcsossed Tesfifidilb pixdl oralmt afea resizinpetharceatribution can be

visible_ b S many, t.el evi si ons. ssible, the
suggi Doy o R oP Bk Eein P vTan dor BTSN TR Ak
(SMPTE) defined specific sizes of the action frame
cal |l ed _sef er.ack | reayand the safe title area.
See SNP%Esfgggﬁﬁgﬁﬁgg%%?ac ?ce RP 27.3-1989 on (6]
Specifications for Safe
where f; is the cutoff frequency. The above 1-D poly-phase filter can be applied to both
the horizontal dimension and the vertical dimension.
[0106] Another aspect of resampling (resizing) is accounting for overscan. In an

NTSC television signal, an image has 486 scan lines, and in digital video could have

720 pixels on each scan line. However, not all of the entire image is visible on the



Action and Safe Title Areas Test Patternfor Tel evision
Systens. The safe action area is defined by the SMPTE
wagod7asamtea in which "all significant acti on PUSUSR@K®37948
pl ace." The safe title area is defined as the area
where "all the useful information can be confined to
ensure visibility on the ma28rity of hone tel evision
receivers." [0108] For exanmple, referring to FIG 25,
teltei}'@lo‘ﬁafu% 18 GhisRiAtcAEE BetdRd tHRCHHPARB tHehereef Tomiatd OPfeqfart of the
t he screen, % 5% border all around. The safe
lmagﬁh@t?érr@&VEg@@Sd?@H@be%ﬁﬁSC@he center 80% of the screen,
i ng
0FH' 52 B B 8L Ehers FRL BEUERMIOR 1§ arP visHEE BY 3€ many
telefisione aé pegible, SBositBtdf diction ]I’lbtupau& T@e(\tlsmn] Bagivkeers (SMPTE)
safe act|on area, which |s in

th
defiged spRyLficarize At 2598 frapg 8¢ ?? 96%?%1921 ;38 da safe title
{ﬁay RE SAPTE RcbitheRU&! ﬁﬁl@ﬁce Iﬁ@r 2@351@99 €n lgﬁecr‘ ﬁc@ttogﬁ for Safe

ack borders appear at the upper side 2620 and | ower
AgiodemdG2fe BitletAreas TmQé’attaihe”@eTeﬂmukn Smtdes sTheasafdpaction area is

re ed i oVer scan, a H, 26 deo use »
ssgenbuny SebERPIF SRS RovReh HLReMEERs At e PR place” The
saf QKL (AR F1e8 A8 tHeNGEL ARG HHE tHeAKE A @ﬂformatlon can be confined to

Conservatively, the boundary can be cut by 2% and

enspreryideilitshen Fh@sﬂlfz} Pﬂ@’ of hrmefi¢lpyigion r¢esivefesi zi ng can be
[Orgggrﬁr at f(g '1’3@ 1‘é% go: EIRS. a%ﬂ ?l%‘se?fe Qg{n];rp 51[93(%55@ occupies the

s’ can ase downsa
ceft XOPo Bﬁftﬁer rsd:rﬁ@n agiaing 4 Go/d:bﬁideﬁ alltdnmmﬂr o@’he:safevﬁtle area 2505

vi deo then proceeds to bl ock 61 ere depl ocker and
oc&eplpﬁaaer?@n@ﬁép%t tldhe Sape gBNGR o Rygaengpow 1o FIG. 26,
be%ﬁl!i LftRCEste titlRlPCKisRE snﬁﬁdto 4dan9bR TonteRRTHRRY ¥nfeCiimd Rations

eo conpression applications. Blocking artifacts
wﬂb pulr tepeoaoske stfaactesiamna, sihiphr istinside dhes wWhie gagthngularneindow
Zélgt o blocks (e.g., 8x8 blocks). Each block is
constructed with sonme small errors, and the errors

[03bot he edegsy Whcidbbldesknsf be Becantth@Bterish EdrexempR! $n FIG.
at the edges of nei %Eborl ng bl ocks, making bl ock
t

: 263dnjardcab¢régr8vmpm &t thernppei sida 1620 anﬁlglpwgr sidej 3046t & the image.

TRBESaC SR AL SRS 05,068 M foHDGs e e

b(ﬁjnﬂﬁ@l’ ehdtedisdéh i Ghotidn§ estimdtioan Exmndeﬂirblackl gdéRecan increase the
h-frequency DCT coefficients.

reisudp@is tepseRyauvdkphe SousBihcants Wik W rfé(o 2R gy dhige agpizing. The
fl{fgrg ﬁﬁgat&ﬁ&ﬁﬁﬁé gglé)e{?at(:cfi h&:‘og C%lgp ‘I{[rl%%il%jﬁ? RYRs@Iméd td I%fn%ve the

e Vi e arti I'n one exanpl e
owdrsode befock poly- mmsfc@smsa@plmg debl ocking filter can be

QIR *Cr e o . B RS gt R e Gk o0
wﬂ@ﬂeCJﬂeﬂl&ﬁ{eQ @Rk ofdeinRhel bpdr@ionRr @6 %ifoh%e@ll sghb e@gesmf Surtifacts,

terlng process shal |~ be performed on a macrobl ock
"lﬂa@mg afnﬂe ringing,"cepmpnenly epcusfn video temprestion spplisetipusn Blocking

artifatts oceur because compression algorithms divide each frame into blocks (e.g., 8x8
blocks). Each block is reconstructed with some small errors, and the errors af the edges
of a block often contrast with the errors at the edges of neighboring blocks, making
block boundaries visible. In contrast, ringing artifacts appear as distortions around the
edges of image features. Ringing artifacts occur because the encoder discards too much

information in quantizing the high-frequency DCT coefficients. In some illustrative



with all macroblocks in a frame processed in order of

i ncreasi ng macr obl ock addresses. For each nmacrobl ock,
woeodriosgdol edges are filtered first, fromleft POTMSYWG6/037948

and then horizontal edges are filtered fromtop to

bottom The [uma deblocking filter process is

performed on four 16-sanpl e2¢dges and the debl ocki ng

filter process for each chrona conponent is perforned

S 0 asﬁ'FIRC ik impulse

o R b o PG 36, ™
respange) élteslto bsledhere ovisilbld attdacthie | eft of the current

robl.ock t hat al ready. bee e
oS SoaR e bR BB RS Er R RRR pRES AR sP Lyl vt
to 8l Md 42816880288 of HPine! &ckpeeddebhiabkbighdhty dfethe frame and any

process on the current macr obl ock and may be further

edg@cﬁof W@d:hdbq: deljoeking filter porasy iofisatied. C’.[,Iplis &iltering process shall be
pe{}%}%g Lo og c%%fg%lkeoa%l@laﬁgls @I?:gm%le‘ﬁgn rfgaﬁﬁé #:5@[1{15‘[90 rocess

edges can Dbe Hgeh nput terin
wi€lf all fRctobldcko it afrapdgescebsd ih loedes @ﬂmqmsmghham'kblodc addresses.

Bt TS by M g oo
hoﬁ%& t diétgs Qfeofcfl?e?ﬁd f8m t%})%o Boftbh! eﬂ‘heQﬁﬁaQ@bl@@ﬁﬁ%'ﬂl@k Yrrocess is

app 0 snooth out areas near edges. Edge pilxels
petﬁodﬁecg on Ifourt 16esample edgds| andrthe dehlackong éilter progessi fgr cach chroma

blurrin rt|t| ner .[0113]. Aft
CoORPPH R RE PRt STEsb e Bl it on Wi ftor the
Veﬁ?cra! 'dlrb&ﬂﬁlr a@ %Kowﬁm‘? HIGS 3] BlinfiJe Galues ABbwdandled €t Jefigof the
shot chan generating conplexity maps (e.q.

cmn@maaﬂoblq oskshitamap hadaiakieynhgss) moditigd dyathei (rblagyng process
op%;] RN cl)er 49 UST&%F%E%&F %ﬁﬁh vdeseh! RefhpleiO%he %e%@ﬁ%g filter

ange ection etecton rel ates
pro@dse biithé b@remd @mactotilscknand map bg ﬁmﬂﬂmroﬁoq:nﬁ@d dulm% M}enng of

exmkntsthathatlnm ate
the, CETPH aBCTERAR. ab RYPIENa TS g b R e Sl Yeajoah sges can
b@lgseﬁ'aQthn#tcf%Prthecﬂﬁ&ﬂ%ﬁof fhearmﬁz&‘(‘@l @(‘1 ek rff)ﬁﬁle( QindWh&bblock. A

acent” franes ere may be sl oW ch anges, or fast
dabtmkggsgroﬁss couresiay oltdddorths dlgne anthelngee ICQB@DMI@%%QP@W@IY

[03 ig]n ge S{rg raxtb ge%rapﬁge rhg%g%\l\lg g It Igrp(ges ég’la tft e%# %Yt%r c b be adaptively

apBEE IS dbothl Sk IRtasDRlae elikd0 BdR! piREls IMEBR0 Clhﬁél @€ %ol Bltering in
important for efficient encoding of video. Typically,
ordprete axoiddruiri®gnot changi ng significantly, an |-frame

at the beginning of the GOP is followed by a nunber of
Q&Mﬁ franmes can sufficiently encode the video so
quent decodi ng and display of the video is
[oditspal | wie aembabh an&lQiéﬁYlg‘mg, vife o@reSﬂQ@@lde@ is processed by a
changing, either a ru? or slo addi t j onal
GO }pagh’@@,neaﬁd{fz GOP positioning can include detectmg shot changes, generating
complexity maps (e.g., temporal, spatial bandwidth maps), and adaptive GOP

partitioning. These are each described below.

A. Scene Change Detection

[0114] Shot detection relates to determining when a frame in a group of pictures
(GOP) exhibits data that indicates a scene change has occurred. Generally, within a
GOP, the frames may have no significant changes in any two or three (or more) adjacent

frames, or there may be slow changes, or fast changes. Of course, these scene change



| ess predictive encoding (P-franes and B-franes) may

be necessary to produce subsequently decoded visually
weaceEpssile results. [0116] Shot detection andremasiong37948

systens and net hods that inprove the perfornmance of

exi sting encodi ng systens are described bel ow. Such

aspects can be inplenented 2fi the GOP partitioner 612

of the preprocessor 226 (FIG 7), or included in an

claSHEOHRMs &Y bE ﬁlﬁﬂ%ﬁhdﬁﬂ deRA8 aSr¥itéMe®d] ofichfpél d8pending on a

preprocessor. Such aspects utillzes statistics (or
spervﬂilcramzél)catudnatfnen@ﬂ%rde statistical conparisons between

jace frame f _video data t.
035 Bt et TR g5 G ehBlghs 39 HEREMLRG, PRt encoding of
videBangipt@ily O¥hdnfa GOPIienéY chafgifig signiflcastly, Iaglltfﬁammattthebegmnmg
scene whi ch can nake vi deo encodi ng especi al |y
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ener at n an enc devi ce
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conmpensation). Th esultl istics d scene
lesg hawé@tld%t%’&f’ihaﬁ g’e‘%ﬁ%‘% (e ﬁ"% ?ét B ¢ tnea%%%ry to produce
suf)sre e@SdedO\f1§lﬁﬂy AccptdbRbleuIRr €pr ocessor or
[ e procesSsor "exists. |f the preprocessor
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oeB B BENER S5ReEhalbahirl e B AL BN et ten be
imPEemetd i tthy GOPCH@@s@®r 63 bt pesppdeRio 26 Kmn oFfcluded in

illustrative exanple of a shot detector described
anhencerler deise Habawiyt pegetp | Wish o5 HoRt | & PrERrBeRsEer-  Such aspects

utfliz&Y %‘tﬁu{ e@icH [l'[ af rﬂi 1hdd @Btls%ﬁ c%n‘ﬁ)%ﬁgorfs I iR eerf Rbjacent

accor as very Tatenc shot detector
fradnefsfcefr\eaiﬁd cwraea) mﬁnﬁ& 1fch|nfafomp$ n¢em)cpmeafccsﬂwi acsgemd is,slowly

i ncl udi ng_abrupt scene change,  cross- fa her .
C@P%ﬁgégéﬁ@e@naé Q%mergﬁ'ga W the SEERP PN a%)fmrﬂ( e Viach encoding
esg&%@f@n&ﬂﬁﬁgx difd §h@dics EXPBe %taﬁ'@@?ro%i’@ﬁ?e%rd@e&%r and then sent to

nt- strat egl es in the encoder e encodi n
anefrcpding deyicarod thaysnaa be gandrateg in gn emﬂ@émgedﬂ:\/m[edq 38?)3/ a processor

ene chan e detection can.b e
coBEahivg 18 perom FisEoD ESBETREEY | DEnery a8 peeng ghanee
deltd¥$ieh tdeBi@ioaN Th-of 78 lat dodsi t@dcddims roYtah a duﬁtabl@ll‘ﬁeprocessor or
aspects, the content_information obtained by the

copfigprableeproesssqreoxists. Ki tbﬁ @Fepif?ﬁ?éﬁ% PEHOBY MqtieBrcgpensagen aided
deérgtgrﬁ%c!n?#ﬁge ﬁ%ta 801?{) sc'tﬁt‘i)sﬁucggrl@avﬁg'gbrl) ﬁa%g ft&ﬁﬁa In such

ange or exanple I ng on
sySRfitseathat mlémbuimt algcmthtﬂ‘meys kiodhdl yvadremsss ay&;thnmttblaplemty

criteria described be be .dynam, cal.
(OR871 i  7er SREUES o aghols PhasIBoATEAe: dpe ad) APGHTS needs o
utﬁ%o%{‘&c @1%1' ¥ AQ%B@ q?an%n A SEEMC EdRR] 288 04 meRf frame, and
plctures normal ly starts with an

adcntdizgly bdevery dawdatéricyf Thamseot détettondisigramiates severa g,hféeprem:t types
otéﬁﬁc?c%\?etglﬁgeﬁg 51§g oa&aéulglds}; reﬁ%éclhalggae )créssafnc‘ia’mg a1-1¥1p %al Is}/o’w scene
change, and camera flashlight. By determining different type of shot events with
different strategies in the encoder, the encoding efficiency and visual quality is
enhanced.

[0118] Scene change detection can be used for any video coding system for it to
intelligently conserve bits by inserting an I-frame at a fixed interval. In some aspects,

the content information obtained by the preprocessor (e.g., either incorporated in



required to display the frane, a B-frane relies on
data in the preceding and following frames (e.g., only
woant7assgiong data changed fromthe precedi ng fragEUSR006037948
different fromdata in the next franme), and a P-frane
contains data that has changed fromthe preceding
frame. In comon usage, |-fp@anmes are interspersed with
P-franes and B-franmes in encoded video. In terns of
me% & draftulatdHBPee p?é r@dets%r Q@@ﬁcénooeeﬁb%@% dcbife EHanf®detection.
rames are typically nuch larger than P-franes, which
For exdnuple, dapending gerthe benterB-ifformetion, Fayeshefld veluemand other criteria
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change from col | ocated previous pictures or pictur
Fopmffm@ntsenqqéma|maysmua@g@ and e Ading AHASSIBS ﬁaee‘an%tbefaf a GOP

shg 8%@10%@ Xo&'ﬂqo ?%c{dcg RN 1 OP PRk ﬁg Ieﬁsir?&ataﬁcpghort enough
encaod done nore erticlen
to rf@llrt] @msmatch l@mmnt andodarcmdi decederf Danharmehhmgalrment In addition,
t echni ques .g., encoding usin f d
RS RIS (VP "tﬁéfa@&ﬁ?%&‘?e B ShAHET HeRBRE ABRE, t hose

[Og\ﬁﬂ' onsS@E‘h 1%%' bfet&&mﬁuéafneﬁe EééanT&fz{ QldeBPR8ER th Adtermine a
ch can uced or elimnated (or nearly b

propﬁ:rr(wP rlcargﬁl emtiosirnbfraindd based Porthé G bﬁg@h@s‘@ﬁﬁomné@@ng an
i fied r.nore cat.eqgories
orfedampedah T Sha B PSR I T rea S r iR g e, the
coﬁﬁhﬁlﬁﬁétﬂ)nt Sahnday weARNEnsireti g Pidleiiogdl bApacket losses Where to
I mpl ementation. As an exanple, the video can be

pledeak frpmice ar I AdBs mwesegmﬁ@@@lwua@acta@?@%ﬁd videp guelify fgdsviewing
cross-f

cBHETF! e B0 5 USRS RIEDSS LB H0RTS: Boions

off pioiess thhehawr sgsifigmitfdhangd frpnd bcf)licea‘&dtpréwom phtures or picture

previous frane, usually caused a ope
pofieiese NOT@aly bésnIeBpnE Fuiet PP C"Fg ¢ d@&fbﬂ?ntly with

m?{l]d?ﬁ e%mhtgkﬁq, %[ngvérfwémg I 3iEhe 'ﬂBﬁe . %ffl&%ﬁt‘l‘ﬁ i Q@A Regions are

ranes s e encoded as | franes.
exempted from inter-frame coding techniques (e.g., encoding using B-frames and P-

frames). In the context of channel impairment, those regions are likely to suffer from
error propagation, which can be reduced or eliminated (or nearly so) by intra-frame
encoding.

[0121] Portions of the GOP video can be classified into two or more categories,
where each region can have different intra-frame encoding criteria that may depend on

the particular implementation. As an example, the video can be classified into three



[0123] Cross-fading and ot her sl ow scene changes

i ncl udes slow swi tching of scenes, usually caused by
woaousgnl processi ng of camera shots. G adual BCems2wg037948

of two different scenes may | ook nore pleasing to

human eyes, but poses a challenge to video coding.

Mbti on conpensation cannot 2educe the bitrate of those

frames effectively, and nore intra MBs can be updated
catg;g eﬁh%ﬁf‘u b TRERS chidrfgiL4drofafiBing hd@DMer 6w, scefie CRARICA, and

eve occur when the content of a frame
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computati ona t and saves nmany bits. 4{112 When
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d. Shot d t
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lustrative aspect of a scene detection Process is
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computationally fast and saves many bits.

[0125] When any of the above categories if frames are detected, a shot event is
declared. Shot detection is not only useful to improve encoding quality, it can also aid in
identifying video content searching and indexing. One illustrative aspect of a scene
detection process is described hereinbelow. In this example, a shot detection process

first calculates information, or metrics, for a selected frame being processed for shot



nei ghbori ng frames, one in the past, and one in the

future. The notion conpensator produces notion vectors
wand7dsgfher ence netrics for every bl ock. Fi gur BCRASR®6/037948

an illustration which shows an exanple of matching

pi xels of a current frane Cto a past frame P and a

future (or next) frame N, af® depicts notion vectors

to the matched pi xels (past notion vector MVP and
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instead of O or infinity. [0129] A | um nance hi stogram

digfgreope reeirie ontevant blocky dhy diffgivace TASie AN yba Resum of square
. | | .
TN bR B st ABRES IR, WhBol 1naCl Rifraty
heralSeud Btlisergastzhﬁe)dam]ilmance hi st ogram according to sone
ects_can et to to obtalnthe hi stogram In
[@?ﬁler aEB‘éEY%rY Ffl‘{’ée d %rﬁ‘ﬁ%ﬁ@é" ot Fefeier ke aset eQptigst ratio.”
C%aggtg@rég@glgwnunber whi ch may depend upon the type of
a bei ng

_E+S5SAD,

£+SAD, [6]

where SADp and SADy are the sum of absolute differences of the forward and the
backward difference metric, respectively. It should be noted that the denominator
contains a small positive number € to prevent the “divide-by-zero” error. The nominator
also contains an € to balance the effect of the unity in the denominator. For example, if

the previous frame, the current frame, and the next frame are identical, motion search



processed, the conputational power avail able, or other

predeterm ned criteria. In some aspects, the | um nance
wdepi7nigmn be set dynami cally based on a cal cubParas26/037948

received netric, such as the content of the data.

[0130] The equation below illustrates one exanpl e of

calculating a | um nance hi 29ogram difference (| anbda):

where Np is the nunber of blocks in the ith bin for

PSYABYS § 027d ¥R chse, e abiigRIcuddtionl @sksitdrs y =1

Sho@@ﬁw??ﬁx%?ﬁ for the current franme, and Nis the total
instBAOEY ordhfibik@cks in a frane. |f the I um nance

hi stogram di fference of the prevjouys, and the current
(01291 ArlBmeRwee SHUPSaE S b CAFSIEBA BT S Gy, Faeqly the

Tingsdi Q%%% | iNhsscel (AbHAY (BT Ainbed JFrBE )b digitange The
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lunfinanob edeptbAusal forcoalstlatitg tho demingycea pisiagsami agordig to some

S = -, and YP = .
aqu'@gggré]g% 8¢tdg 1?38 r‘%gaﬁ? )thef ﬁugt%g%%%@}%ﬁ&e?i a?ﬁéé?é%e gl%ﬁf%ﬂce depth

car®BY ¥Rtio SHENRrGIARIRuib&Which hile dépeadrupdinfthergece! data being
metric meets the criterion shown in Equation 9:

. D =
procestéd, Zhe ediiputationabpowenivailebla qrother paerctaminedisitaip. plp some

appl ication, and.T] i t . ;
wstgRaribF Suar Lo P vah e e SERRRLT gate¥oih cfufii or eceived
meBN k@hes GROsbnéiak 6 theqtataper f or mance. | f the current

franme i s an abrugt scene change frane, %heg &gg Y hance
[013Abul d The qasptiny BelavgHIusHais PISecXemAld of FREUFLNE? JyRnan
. ' .g ¢ alone so that the netric is
hlsg%rr#ﬁa?ﬁfzééﬁé%gﬂ%gbéctivi ty level of the context.

[0134] It should be noted that the above criterion

uses the |l1sm nance histggram difference lanbda (1) in

a non-1line r|]\W@y—.NZiG 16 illustrates I * (21 + 1) is

a convex_fo cti'on. nl is small (e.g., close to

zero),”MT is barely/fiNeenphasis. The larger | becongs,
the nore enphasis is conducted by the function. Wth

this pre-enphasis, .for a lm ] arger, than 1. n s
wheth Sps SeREPERAR Lo indbet: b P et eras brafenpypgs te
nuikr 88 b1ocksiR#RAM bl forG E@Rint Fram@Par SN dehe kdtaN@thtied obblocks

a cross-fading or slow scene chan?e if the scene

in atfraemey hthaduminend istegem fiéfesanice 6F srpraviginhandhthe current frame

are IS IL T, Résimilar (or disjoint), then A= 2.

[0131] Using this information, a frame difference metric (D) is calculated as
follows:

D=2 AA(24+1) 8]

Vp
. h b lcati _ E+5AD, and 7, = g+ SAD,,

where A is a constant chosen by application, ¥, = o SAD. SAD, , P ———8 +SAD, .
[0132] The selected (current) frame is classified as an abrupt scene change frame if
the frame difference metric meets the criterion shown in Equation 9:

p=Yc+ A(2a+1)2T, 9]

Vp



T2 < TX T1 [10] for a certain nunber of continuous
frames, where Ti is the sane threshold used above and

wo 20@/0a8m1 her threshol d value. [0136] A fl ashl pgiitUus2006/037948
event usually causes the |um nance histogramto shift
to brighter side. In this illustrative aspect canera,
the | um nance hi stogram st &0 stics are used to
deternmine if the current frame conprises canera

whérh ashlad @Rbint Poshdy HPlieRidnOAPT 06 @SBresidnd.det er i ne i f
the l'um nance of the current frame mnus is greater

n the |um € V@&fg‘ ra =C&£hdHAéVR good
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detéiodRAofhardcBanf tHeecurten Nameds ah abiupt seent chamgeefriye,tthen 7
threshold T3, as shown in Equations 11 and 12: c¢c - P

t3 | [0137] If the above_criteryon are not. net he

shausish belaegerandnts foulbee SpabeThy IO i ST AR ef 4 alone
flashlights. If the criterionis t, the shot

so 5t HE L Brngﬁﬁﬁlﬁeg% HcHcRoRy idvePottBSkomas:ds di fference
netric and t di

e forward ference nmetric SAD N are
[01GdPat eilt thoakl be oetetldhat thhraboholctiteTion usss the lpsripgice distpgram

L he Equatj ons. bel ow..SADP T . J .
dif 8??:‘“3]?‘55? @il—? RN ﬂ%@gkéﬁwﬁgsar ei;ﬁt]+ )rlgrarg,o rvex
funtRoh SWhBE 15 @FAE&elgUndloaneezeed), Y isardy evdemphafis.clie, labger A

IS the average |um nance of the next fr%, and SADP . f
becomebs SABNNeIE @miphasis &y candactas dyphe RingHan oYVi P dhis fEgemphasis, for

ANENELETT | NERRkd i A e BkBB]is Thax 5.
angﬁi%rg%fz[{l%lc??’o@%&%’é&i&&%@‘?&ynes caner a frle ash e]l/ent S
[0138]f i I Sthedatrentnramhay ddterhtived tonbenamwes-fiding enslewscene change
_frame is greater than tEe |.um nance of _th $$_evi ous
if the sepee ARENSNECTTIFR MESEINSFHIEHAN AR FEGEIOT P not |t he

frame is not a canera flash event; but if so it may

be. The shot .detection process then can eval uate 10

whet het? Tﬁg%lgckwar ds difference nmetric is greater L10]

than a threshold T3, and if the forwards difference

metric is greater_ than_a threshold gét i f both %heaeb
formerdiain WHBbes OB CaEinuers ey, pdickhhs Hesaretyfshplg g gbove

lLass) fi i t frame as having canera

anglfgiﬁrﬁogﬁ?gh&&ﬁ?ﬁwﬁg&gri terion is not nmet, the.frame is
[018%] cl assfldshightasveanyustalpe cadses bt lemermncerhijtpgremntpshift to

given a default classification that identifies t .
brighiegdidig TodPBANHEHE VS AReFbC e g Ayt hsERr Saisiics are
us€¢P H&eASint iff h@®rent frame comprises camera flashlights. A shot detection
process can determine if the luminance of the current frame minus is greater than the
luminance of the previous frame by a certain threshold T3, and the luminance of the
current frame is greater than the luminance of the next frame by the threshold T3, as

shown in Equations 11 and 12:

Y. -V, 2T, | [11]
Y.-Y,>T, [12]
[0137] If the above criterion are not met, the current frame is not classified as

comprising camera flashlights. If the criterion is met, the shot detection process
determines if a backwards difference metric SADp and the forward difference metric

SADy are greater than a certain threshold T4, as illustrated in the Equations below:



[0139] Sone exenplary values for T1, T2, T, and T4

are shown above. Typically, these threshold val ues are
weeb@agwit hr ough testing of a particul ar PCT/US2006/037948

i mpl ement ati on of shot detection. In sonme aspects, one

or nore of the threshold values T1, T2, T3, and T4 are

predeterm ned and such val @@s are incorporated into

the shot classifier in the encoding device. In sone

aspects, one or nore of the threshold values T1, T2, T

, and T4 can be set during processing (e.g.,

dynam SADLYT,based on using information (e.qg., [13]

net adata) supplied to the shot classifier or based on

i nformati on cal cul ated by the shot classifier itself.

[ 0140] ¢gpcodirng the video using the shot detection[l4]

informat1dn 1% typically performed in the encoder, but

is described here for conpl eteness of the shot

detection disclosure. Referring to Figure 30, an

engpdi ng process 301 can_ use the shoty detection .
Wh¢rn§gr i*mgfp ayerags leminsaee phibe ¢raey THILG dYPdﬁ%hr? PigEage luminance of

det ect ed sho? in the sequence of franes. Process 301
the pirevieed fratne, b oiskthd 0 eraga dumineoks of ¢hes aextj framgyeand SADP and

current frane isclassified.as an a t ] .
SAPIN 55¢ he ToGek SabSaORETT TR TERTC PR cao EREL SARIRE coren
frafs. an | -frame and a GOP boundary can be determned. |f

not, process 301 proceeds to block 307; if_the curr ntf.
[018Bhne iThe chws silgipationa progesso deiesmings cAmagrawilgshc XS ﬁl@' st

scene al bl ock; i Ot QGmi2RBB Sf th
cerF P 1 B A S aa ) P PR Ao ‘
pratiR@ifflne/gnd tha®miveng: of e heanizame. B fiotathe )iran® isgws ¢ camera

301 then proceeds to block 311 where it checks i h
flagupyeapitbut ifasfelt RAYRE- c g ghatidgigetin BIQF?Sﬁstﬁ?rf gt evsaiuea%ethether
the(:%%a?dsngigfé?éﬁgé Fndehiagh ?eatérf thaR:a BHredhoRCH ;33 #fh@e forwards

frame can be i1dentified Tor special processing, for
difestanplreetric enmroatbr than e tioeshotdTa iD®th desse cendihensrase satigfied, the

frame; if not, no.classification of the
shole e DA HESET AN EF TR e B SR AT 17 e
crifS oA S ABE Bret thd rRLREE ot iclasifisd acREPdRt aSshan eler, roariecan be

or dropped. [0141] In the above-described aspect, ghe
givemouditfawf cldssification dhat hésnpidien therrmcpdigawo P dgae on the frame (e.g.,

SO ressed an(rilg'tse)adj acent two frames is indicated by
- drgp HpReengo9s B et ric D. If a significant anount

[0pf9]a onEmEyxenpliraanes Erangd,, B, ded € tueedshoivh above. Typically,
signifies a cross-fade effect |

RECTMCORE HIET EERTERIET e e
LR 5008, Rl OB of BsbRMARMRLST, 1, T T
prédegeratneat indrsuble velues arf ivgdrporate@ intyNhe- shot olgssifigr inythe epgpding
de-vi%'e. (ﬂl ggﬁl\éwagpeécts[, %EA or more of the threshold values Ty, T2, T3, and T4 can be
set during processing (e.g., dynamically) based on using information (e.g., metadata)
supplied to the shot classifier or based on information calculated by the shot classifier
itself.

[0140] Encoding the video using the shot detection information is typically
performed in the encoder, but is described here for completeness of the shot detection
disclosure. Referring to Figure 30, an encoding process 301 can use the shot detection
information to encode the video based upon the detected shots in the sequence of

frames. Process 301 proceeds to block 303, and checks to see if the current frame is



where d - and N=|Fc - N are the luma difference
between the current frame and the previous frane, and
woOher7ioasmi di f f erence between the current franepanastine037948
next frame, respectively, D represents a constant that
can be determ ned in normal experinentation as it can
depend on the inplenentati @2 and a is a weighting
vari abl e having a val ue between 0 and 1. B. Bandwi dth
cladBaGaN el %B P sEQtddlangble 1PEPEOBISEIE B05 AR6 chfrbft frithe can be
can al so be onfigured to generate a bandw dth nma
encotied hs emA-firanaged| af@@Pé}wagarmgamw datereyingcki K wpk gfoc?sﬁ 301

pro[S:%gE etﬁslggél% 83932 1? 15 gl? Ler | BSR4 f% %?agé ﬁ@d rﬁgdzy 170]1201' ﬁ slowly

gener at es & Bandw
chdn@ﬁltg%gne[ fisdk Bbmﬁ{é cuxﬁuaframa,a:hnd <ythM framedin t'he slow changlng
function of both encodi n% I eX| Elg anriegcaged 301
scepg can be (GQP@i@draéf?éPﬁeé@Ut’% & ess

theﬁ g cfeg% a(i" ﬁ{OﬁEt’a‘ lrigwlngé}k St E}?écﬁf ﬁpﬁ%muﬁenﬂ bra®BQY e dPRsified as a

e "encoding conplexity nmetric C considers
flashighi a¢enansbnieispny ahmémefiashaci d sby otrbldels hiinthe irkp gin be

f For, di
BT S pt g, B TS PG o SRS Sl for

the dﬁarﬁ@ Nt h¥Ph6 3l YifiPRIASSURE clirkéH: f¥nieSwaDRAAOMTIRL |cyrrent frame
ecréasing in C, and nonotonically increasing i

cai mmpdércbmaa@hmmceom pthat critpBuENCesigd ap gy I-f @H@agrd@aoa?w
t f
oo A G s B bl STk B ame

. to B&‘/@oﬁ Bréadddang itsratpaieat @loyfrivatoieind@iatsy B}y‘d)frz[rﬂ.@]ilfﬁmnsc metric
[0145] In the two equations i

D. cI » sionificanc aaPRE @otreneiayJuBNaNFR chEfeed st@{Yt oA sgenifes o
ch}s %a& etf% %\‘tﬁé h? e ﬂ@%gﬁ% g}d?mné’rﬁ‘iihevcm§ e i2efel B¥ebain may

EET or an Human vi sual qual ity is
bedlk:ﬁi%i/cﬁiﬂbi uding BGfrmanit ) ﬂmeanpmqfu atihodified framefdiferengehmetric is

above equation set not precisely defined. However,
useq ag shopy 18 &6 FEMAUPHEHOVhe 3-D model is continuous in

aII vari abl es, bandwidth ratio ( y ) can be treated as
Eanged Wldthl n the nei ghborhood of a (C, V) pair.

a b 7 | fef\ned & the sAuatiax Bhown — A,
bel b BldJF\Ig%cg/dB{d ] 01472] Bit al9ocltion cad then be
defl ned as expres ed in the foll ow ng equati ons:

D, otherwise,

[15]

where dp = |Yc - Yp| and dn = [Yc — Yx] are the luma difference between the current frame
and the previous frame, and the luma difference between the current frame and the next
frame, respectively, A represents a constant that can be determined in normal
experimentation as it can depend on the implementation, and «ris a weighting variable

having a value between O and 1.

B. Bandwidth Map Generation

[0142] The preprocessor 226 (FIG. 6) can also be configured to generate a
bandwidth map which can be used for encoding the multimedia data. In some aspects, a
content classification module 712 in the encoder 228 (FIG. 7) generates the bandwidth

map instead.



Il bl for Cy )e Co' 0) 19] where d indicates the

"nei ghborhood." [0147] The encoding conplexity is
weahiwasew1 by human vi sual sensitivity, both spatraiS2@ed37948

tenporal. Grod' s human vision nodel is an exanpl e of

a nodel that can be used to define the spatia

conpl exity. This nodel cons3Xders the |ocal spati al

frequencyand anbient lighting. The resulting nmetric is

0193] | edpbas tWSlﬁI qBalRRy & RAP6E S FuAdicRdfMBoth Bnédtng complexity C
process, ether "a picture is to be intra-coded

or
and siluented bite® (adsormsfertedoa—ns daudwidfowFiE-nl i i5ta graph glusisaing this

‘ relz%]ré)?lﬁ pbgttrs\%gglﬂ bgm%rgf tha eig(?ogcﬁlﬁe%%r&ﬁ%a[ ?1&: g&l& ers spatial

and iR deﬂm@st H#6@Sthe tHugnaBanslvh Gbint roﬁtvueﬂw i Foe )dpstcareemdmore
in the follow ng equati on: PINFRA~PrTNFR§mJ[ !ﬁ\% I

ser@safp to btguam [cogsgthe | ¢PrRMexiBg VAP o HBETRONAET, t can

typllcsa g Li'l'lﬂenﬂ?a e}, n@%ﬂ% 1cQ]lf1 HPRGLRP!IACK; afe Mﬁﬁomcally

|ng {im rance square and
mc[c&smglﬁgrm fol |l ow ng it, boiNTMis a normalization

factor to guarantee = For anpl .. val ue .for
o1 NTRACHGE roaysa Yowh pridap TGy Bl fligtea’ e 1
objeBf g‘fz{ﬁ% PR Lt be Ghco@H Bt s&hdR§ithd ealcki@ndxpedBecdddn the two

sed to set oc tRAto a value that corresponds to a

equismns suingdiewyhedoml quality | evel for the particular

content of the video. In one exanple, if the video

cont ent CO?E es a "tal king head" news broadcast, the

vi sual qu§ ztv\// | evel may be set | ower because the [16]

i nf or matignpi mage or displayable portion of the video

may be d ’d ‘of | ess inportance than the audio %7]

portion, and | ess bits can be allocated to encode t
data. |Ln anot her exanpl e,

08 tpr 1 9840 STGS SRBEIaILb AR Cf f P AaC TR SRyPisaiy of
théﬁ?e(ﬁo R BH thé m%ahﬁ’olé bYad AR BAd VGO FHeLRRANES vistalaquality for
I g ér visual quality |evel because t he di spl ayed
ani o’lmgeerrmyfm tyesuanwhrtmdhff@ﬁlt to foraulateaepn equgion. Therefore, the
accordi.n re bits .ca al e R
abgyg gqua[u@%% 1 BOtuWS%IF%I?'a(%gn%l SIJ‘[ el e%fqonsﬁ J&Q&ﬂ@d B the 3-D
shoul d be noted that bandmndt al |.ocaB
modshais | ¢AMERBRNS 0 vilk wa@ﬁ@%‘?@ i |@§&Pt§/g% can be treated as
| um nance squared term Y2 reflects the fa d
unchafekil siithin thevmei ghbosiagpdrof feniDuse- fhe b ‘@d& lfaélotﬁo is define
._encode. the logarithmfromgetting negative
m %ﬁ?fé‘gumb%}o%e? s&gdded to the termin the parenthesis.
Logarithnms with other bases can al so be used. [0150]
The te org conplexity is determ ned by a neasure of
a frand:d fference netric, which neasures the [18]
di fference between two consecutive franes taking into

[0146] Bit allocation can then be defined as expressed in the following equations:
}
B, = ﬂ(Ci)
1=) B
XA CvIedicom) 1o

where 0 indicates the “neighborhood.”

[0147] The encoding complexity is affected by human visual sensitivity, both
spatial and temporal. Girod’s human vision model is an example of a model that can be

used to define the spatial complexity. This model considers the local spatial frequency



account the anmpbunt of notion (e.g., notion vectors)
along wwth a frane difference netric such as the sum
wohod7vasabsol ute differences (SAD). [0151] Bit PCT/US2006/037948
all ocation for inter-coded pictures can consider
spatial as well as tenmporal complexity. This is
expressed bel ow. P I NTER = GUNTER [ og 10 (I + SSD Dcsat
exp(- g \\MWP +M VN f )) [21] [0152] In the above
%Slrk@é. ing/P it hecdirawmid And ptdiprooessiagapaint in
andrm |odrt1q ggﬁ%’rrgﬂ?gerswlzigqgﬁ?r ent I\/B\’I?cgge FI gl %9). |t
the paoveke wistled a pizturyds jtor behiatrapdest ot @demradadilgmgt known and
forpula.is.replaced by s of,. r LT £es i
bang sl 1245 TR SR e R B utE Bpbd FERAREPte the rado

bet PV § equilaifetent \Qid SB)6ctHERSr inhtaicadddepittatdsetheMandwideinratio
vi sual™&ystem areas undergoi ng smooth, predictable

is eXPHesRA if SREblowidY efuatMnYN | ) attract attention and
can be tracked by the eye and typically cannot
tolerate any nore, distortion,than stationary regions.
Howgyel, .= ﬁJII@@QOgﬁ@@&‘T@MdBE@ t or unpredictabl e noggn
(large \MW P +M VN | ) cannot be tracked and can
tolerate significan uagti zation. ExXper.i
016Rh; ol hravaton oty 0t TienRRURE B Gafibotent of 2
ma&%@{ kY oo ﬁd%%hl%ﬁm@ﬁ’ac?&f fdrt th@NMiufifindn@d Sdharenand Deg,r term
anot her st rative exanpl e of processing that nay be
folRSAL IR RY i$ BencpmeRiioasiacor &2 Guartutee CB@PZP,&; tFaeri egnagple, a
612 of FIG 6 can al so adaptively change the
conposition of a group of pictures, coded_together, and
valiie fufi €ty St AFHOYGRTEOPR AW P o ﬁmnﬁwﬁﬁowﬁﬁ&z? content
Sone ol der video, conpressi on standards (e.qg., .MPER.
ClaaBEtat cMERITE ONEL Forch AGULe PSS FO e good
. though one .can_be i sed,. Th S :
Rl e 3 SRR T NGB SR Guha o vceo
coﬁ&%%%%g’éé Rowikine heiEneavstBomicast tiesvigiatualirg levEheay be set
VPEGQ2 format 1s usually Prearranged at tge enc%d r
loviyr tetcaise ghetihormptien ivgagerpr dhplagaipe pprtioRef phgyideo may
redictive pictures .f 1 ol | cafi TR BIoc el 18 8BS de th
of Igs8 “ﬁlf’@itﬂ}csghafnhtafe aﬁgl\?g&ggéﬁ 4ngwg%as?§tspcraeéji% cted from =
dafdl €Y QH&thér etanfdlpi Etthe esdeoTbrmiént awemprivet wespnrtitigeevent, content
starting | franme, and the succeeding P franes ar & . ter visual
inforoatied may B freshiesset QB 1T R e thilsgosrsgronds o a higher visua
bi -directional) can_use the previous and next re:
quplitet lgvelsbespisaehe [FRAAYH IEE B P RaiEny to, vi6iver, and
ac{;orefgﬁ{gﬁ{)‘x‘rf]ﬁ{e tiR& A UBhESc80d tBichsodRaBsiesat o encode an |

he average exceeds the nunber of bits needed .
[0149]encCle mdesfandntbis kélkéwiskip, tihsheildbes netedpfhag bandwidth is

d to Pfra . . 2
AP TessrEnoa e RhaspoORE AT Y EHE R AR HRalc b ¥
reHS&E thaRiet that @EslfCRNAOWERh SrgbpindghiBude use more bits to encode. To

representation.[0154] The concept underlyicﬂi%dt h%hu§e i th
pro¥enP tlentheBrithim fres gefHBg NGEafbEe Jucs ity 15 2 to the term in the

parenthesis. Logarithms with other bases can also be used.

e deemed

[0150] The temporal complexity is determined by a measure of a frame difference
metric, which measures the difference between two consecutive frames taking into
account the amount of motion (e.g., motion vectors) along with a frame difference
metric such as the sum of the absolute differences (SAD).

[0151] Bit allocation for inter-coded pictures can consider spatial as well as

temporal complexity. This is expressed below:



conpression algorithnms, the skipping of franes to
reduce the rate of the data needed to represent the
woRdem3s®it he el i mnation of tenporal redundanegT/Ushme037948

tenporal redundancy is high - i.e., thereis little
change frompicture to picture - use of P, B, or

ski pped pictures efficientl3f represents the video

stream because | or P pictures decoded earlier are

used | ater as references to decode other P or B

pi ctures. [0155] Adaptive titifoni [ d on
usi ng hirs %@mep@gaﬁa“ﬁm@?)p gﬂ ficéP(Eﬂ/ﬂ@g/ P Hz\d\?é?ﬁ? [21]
frames are quantified and a decision to represent the

[Olg.é tur fh BY. Aove duatBn, ¥vs kh@REY (@M ftward and the backward
automati cal 'y nade after suitable tests are Eerfprned
d

mofion vBeogUan thef tuecknt MB dscerfdEs 20Art gam pe inptedghatu¥t gy te intra-
codgl gt b evie S, GeireR o, A SHEEH P RpE e To
ndsitiind RE W) O AT P P o b 8T ABAC Sraibe AR MR mex:
crp ety o R syt ERaLuiqPRRe SHRS0E Hsdonbic moton
NG SRR AR AT e SRR SR he S0P e
coffot GULRRTRE b ETLRY YA apEpUng pRofll bekeneering

. | S&ldSand®¥n tolerate
o B PP RLEAE R WAoot oo gt
o0 Ldot: i ' s syl ©01 diBick8s good
st A R O e 3 gl o A “foae &
va%i jjijpe P frames or the | and its adjacent P frame
shoul d "be chosen to be closer to each other and fewer
B-frames should be inserted. A fixed GOP coul d not
Cmake t ha '9; vn..]h9;56] In the system di scl osed
“here—these ot v are automatically sensed. The
(01837 St MHGhuher {Imsfrtexi dxlagpinet procossidg tha nadalp pértormed by the
t hese changes in content. The system eval uates.a, frane
prefirgdcass RS, ft FOP PUARERETCR HeFKhduGH: a5 AAPTHERS fhaee the
cofpgflift BEE TGPl e Fut tERa hcdibo At SATRUAEEh rURrence to
examplRdisin g SEPBG. t $emé nider videawemgressian swsdafde (agd MPXS;2) does

t he di st t F1 d F3 i Kk bei
e b e L O e e Bl e
MPRED SseQfiedcB! atwalSbphtLwith ke MlafreC i.e[, Ghd AYhidin@as36Ben encoded

partitioner operates by assigning picture types to
withcatresferasce togyedpes piewedsy ddie ?vfﬂﬁgié iGQRR) fesmay jsaisually prearranged

i_ndi cat t he .met.hod of i Ct t o
ot ol GRAE Pi 08 G SuSimein bk OB RLe p drhelfive pictures that
folOf ekt MheUP freharenpeidres hhdtewe peat st préioed ftdneprevious

stand _ '
I or P pictures. The frames between the starting I frame, and the succeeding P frames

are encoded as B-frames. A “B” frame (B stands for bi-directional) can use the
previous and next I or P pictures either individually or simultaneously as reference. The
number of bits needed to encode an I frame on the average exceeds the number of bits
needed to encode a P frame; likewise the number of bits needed to encode a P frame on
the average exceeds that required for a B-frame. A skipped frame, if it is used, would

require no bits for its representation.



al one they provide access points in the data stream

wher e decodi ng can begin. An lencoding type is
wazesi’gngwito a frane if the "distance"” to its PCT/US2006/037948

predecessor frame exceeds a scene change threshold.

[0159] P-pictures can use the previous | or P pictures

for notion conpensated prediocti on. They use bl ocks in

the previous fields or franes that may be displ aced

[01%{4221 dlt’ﬁ?e Q&?{eét lﬁﬁh&@iﬁ% et Gicedf PSardl Baghrsed, @hd in more recent

ng. After the reterence block is subtracted from
conifresstuina gorishinagthe shippitherad drames do redifce tha rafs @fctke data needed to

encoded, typically using th [ t ' t f
repRggat, 6. WEh: Ratieo i Bralgh (o RO SaGAEhes [ARS! Riforl
redGiHREY Rhik PE%.) ther@S6 ligRashahge fofrgomrd fo pibare — use of P, B, or

“di stance™ between it and the last frame assigned to ded
skippedpigures gfficientlycepreseptsibe dHEOtSHF%h]&CGPSe\%:ﬂrJﬁmF@mS decode

ically |ess e fl -Bof.kame pictures
ear]&%pr?r%gséed%i?‘l%?%sr rg%/%}%tkg . gn%écgﬁei(%th%{pé?ﬁ]lp} %}l{:ef& ures pf or )
[0188] | on Adep@en S0P qrartitoniies iy ibeeed  abowséng Ahib| espkentnadgpgvely.

oy e cam e {oruen . berlard Sl el A0alloe vy
P, %géle Elgﬂ]geﬁ £ 00t o2 BOBS- mhde et Gditable edsty @BGRrfotmekon the

I near conbinatiion of as many as 32 bl ocks i
quéntified akifferangest r Amedaptive stiveturs haadvantages Bet agdlpblgap 2 fixed
to be an | ,or. P, t it i.g : .
ol el o ko P obB AL RERGALHE B pPSnme i
contSntHBahieh placn  ddabfick plocedihe mthuldvallah fary piogaBHyames to be

| ess than the second threshol d. [0161%% ‘“15{1-} t he fram=6 £ bit
inseriechbetwisen gedll fiaad By or ue Sniramess-thergh redyepgdhe npmbpyof bits

assigned to."ski r y t i BBe ch -
O i R e o
videbassatent 1 ghifiesal uat éffigiencyet Pifrandsas sneatlytiefliced hepause the

~difference between adjacent frames_in the displayq;

difggrenae lpegw.@%thei pr:befhc.ﬁzgr gndd efﬁ{egenﬁ? Srames; 1§ éo? E%tge.%/a nélgr these
co%!ﬁ?ﬁf?sl, thtﬂétﬁn G JELE ol £ %utqlbf?th@fiﬁﬁoﬁ QEREK Ridre, @By eimilarity

eve rane’is evaluated for its proper type.
befhes, mathkeing pabgeatsy iheduessnduchts distoridornejuse iy anggs imgpmera

anglgf Eﬁiﬁ%\ég?ﬁst{%??ﬁigeégoggﬁl%bgmﬁ%s' %cﬁ !:1 %(T)lt f?g%nlééts éh\%lg}td:]ﬂ%: chosen to
bellQeKid@s s SR aha few& P engRE eiould bb imeked e Angxed&OP could not

basic unit of video conpression, conposed usually of
md@xh® adjuetshent. t hough ot her bl ock sizes such as 8x8,

4 and. 8x16 [ F r : | shibR@i&f d.
[0}% deidIRt eére % cggl @ ?%F’égd ?ertehg[{ersr%tcggﬁﬁggﬁpaiénsat i 'or11 ca%lnSemse
THReGOPN@refra if flexidlebasi s, midectosdaptcto these ¢hangesciheqoatest The

bl ocks taking place_in fields rather than franmes, FEor
syslon) BeRuAiss B NS FEernce Taetge Wﬁl&_ cﬁi’fly%fhﬁmﬁl%%n%ts g micasure of
di%tgﬁé@algéi L& ?Ira.ﬁég,ewﬁh QRK shrfie aQ8Rde ipfofeltedsdst @ktahé® In concept,
ranme tWat oflows 1t; |ikew se a backward reference

gibdro Grkimb o BndF4, andl ik | lgingf the inter-frame distances dj2 and dgs, the distance
between Fy and Fj3 is taken as being at least dp + dp3. Frame assignments are made on
the basis of this distance-like metric.

[0157] The GOP partitioner operates by assigning picture types to frames as they
are received. The picture type indicates the method of prediction that may be required
in coding each block:

[0158] I-pictures are coded without reference to other pictures. Since they stand

alone they provide access points in the data stream where decoding can begin. An I



the frame that i medi ately precedes the current field.

The current bl ocks are assenbled into a conpensated
woOi2el700387Dlne process continues with the second PCEIUS26/037948

the franme. The two conpensated fields are conbined to

forma forward and a backward conpensated frane.

[0163] For franes created i37 the inverse tel eci ne 606,

the search for reference blocks is on a frane basis
enc85‘i¥1é 't)g%' if 9%[1,&%'(13{0 L LRSI fecidRdarce? © ity essbtMframe exceeds a

reference ocks and two differences, forward and
scehadiange threshokl. f ound, | eadi ng also to a forward and

ck d.conpensat ed, f rane,.
T e R P SRS L e
preHr‘éEBﬁ CPhdyPliseDIGIRY il tiRCkevibul fiedDbofrkmesthpamby bé despNEgTrom
In"the case of the output of deinterl|ace

thebielooly bpingc pBSke A 4 SIHAIIPT SPORTRE| nPRFLREE Fricige block i
subéqr;\?/tgg&g 5 G’Eée%i&:? bein ré%xpsllﬁeréds thé Qfs‘f'&ﬁ@@loc@oitseeﬂcbdéd tthfically

fric are eval uated between a

umﬁ% @K disbretd eosines krdngfornh rfermthebelimpatom oif dpntéal gdendgncy. A P

ock that best matches it her i,
enaOSIECEyBeS T aRanes Charianas oS 1 pipacs oo B S B ast frame
assgﬁ%fé:{;l Woe!d p ffja%ge:&gde@@s PRecMahREhAd Whish g tyqﬁcab@cuemrhdn the

. erence is being evaluated. Only | um nance val ues
fir‘nter into this cal cul ation. [0164] The noti on

[0 v ﬁm Enf:rl o St e tcgliil és&%&e \% zsn ne%&‘??’s ggfrl 1ctures for motion
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d| fferences respectivel A smal | [
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in tﬁ é(la}g de% esrtﬁe flgt %?{% é)f ﬁ‘ussgr'&éés@fn Qhdt@h1Bs ipPacBA B rhéiric is the

i ng t e sensitivity of g
divhagde @f&xféarto SB&pa ovitlSADIVer s framese evajuated &or ifoprepsr type. Thus,
an alternate aspect, -the fference can

th R PTG RGP ER O B O GALS IR Gy Rbpe Veriabe
c&%ﬁﬁ%ﬁé‘ e Hickh EPEREESy pBtessiAg tiRAViBeo Fimelinedh & Bl6ck-based motion

compensator, a block being the basic unit of video compression, composed usually of

16x16 pixels, though other block sizes such as 8x8, 4x4 and 8x16 are possible. For
frames consisting of two deinterlaced fields,, the motion compensation can be done on a
field basis, the search for the reference blocks taking place in fields rather than frames.
For a block in the first field of the current frame a forward reference block is found in
fields of the frame that follows it; likewise a backward reference block found in fields of
the frame that immediately precedes the current field. The current blocks are assembled

into a compensated field. The process continues with the second field of the frame.



bl ocks of pixel values are transforned by applying the
two di mensional Discrete Cosine Transformto them

woebarasi f f erences in bl ock el enents are takeRCT/TiIS2006/037948
suns areeval uated over the area of active video,
t hough a smaller area may be used in other aspects.
[0168] The | um nance hi sto@8am of every frane as
recei ved (non-notion conpensated) is al so conputed.

%oh cﬁ%@ LABY ORQlates Qmbimal R fopaf &1 freaid, ahd ea backward
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dlﬂfdsranm is nidermoed Sod eacmt plmi and qehle i pepgtatgly SHWUE’@E the entire

t he at h YES |
fra&r%G oﬁhé?la%?xp %{ehtwq §L§mn1%g‘{$ %bvggear}n 91 bc#e%grlaced NTSC
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I oc and the process returns (in Ud]glck 4210) to
absdlatestolues Obth@chqufﬁ a@%BaGﬂWé’Fﬁbdlﬁféfer‘Pﬁesc%ﬁg? red i s not

[oﬂgsﬁl firgt ” i@gﬁ%ﬂ\/\g&&mﬂ%@d pah bR KRdoNBi, S

ere the decision was nade,
and in tesg+ghggk 4204 the current franme difference is

tested ¥ ITEf he scene change threshold. If the [22]

[0166] where SADp and SADy are the summed absolute values of the forward and
backward differences respectively. A small positive number is added to the numerator €
to prevent the “divide-by-zero” error. A similar € term is added to the denominator,
further reducing the sensitivity of Y when either SADp or SADy is close to zero.

[0167] In an alternate aspect, the difference can be the SSD, the sum of squared
differences, and SAD, the sum of absolute differences, or the SATD, in which the
blocks of pixel values are transformed by applying the two dimensional Discrete Cosine

Transform to them before differences in block elements are taken. The sums are



current frame difference is larger than that
threshol d, the decision path marked YES is followed to
wohok3ga06, again | eading to the assignment oPCaWS2006/037948
[-frane. [0172] If the current frame difference is
| ess than the scene change threshold, the NO path is
foll owed to bl ock 4212 wher3®@ the current frane
difference is added the accunul ated frane difference.
eva%f%g'cﬂ}éh'?ﬂe L WAL E QidebOvoah ta ShallbeGired giay teowsed in other
, the accunulated frame difference is conpared
aspautd. h threshold t, whi ch |s in general | ess than the

ene a e .thres h a _
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the 91(181%@15& l?}lﬁg iérs@‘rc’at 1'6‘c '[thg fefUhéBbevilnaBRHEIHidiedranakiférence

ar ger , frame is assigned to be a B-frane

|n bl ock 4R Enc r [0173] Referring back to FIG
2, the’f éﬁgﬁerlg@g i ncl udes an encoder 228 that
receives prééessed nmet adata and raw video fromthe
preproggssor 226. The netadata can include any

i nformation origi naII recej veg_tln the ource vud

In thoabaye Nanip thePBRASk STaNOCAITEm SieRieigs Frams o e ddgnd Nei
is %% %Um-BQF of B e Fomdfe BGEH IR Attt Bﬁbngﬁ'ﬁﬁleﬁﬂmw is the total

secon pass encoder 232, and a re-encoder 234.
nuthbéer edogkerin 228wl so recei ves input fromthe

transcoder control 231 ich can pr
(03621, | %?eadﬁrtegne‘{é?tle ofSPES i it ngi’lﬁ(;{or i) ﬁﬂgg{fl%gt rame
diftE e 'Tﬁéth@ﬁs encoded bitrate information, base-I|ayer
and enhancenent -| ayer bal ance i nformati on, and :
quanti zati gp :j&zg ;{2“ on) fromthe second pass encoder
232 to he;,Tl |BL s encoder 230, the re-encoder 234,
as well as’fhe preprocessor 226. The encoder 228
encode:[ re recei ved video using content informtion
receiv gl romthe preprocessor 226 and/ or content
[0170]0r mavhae vt hathd SADento daedl by theheureamt dere @rBYp is the SAD
itself, for exanple, gfthe Cﬁntent ﬁl as&ﬂgattgl istoeram
ratigpbasee o the preyigus ﬁ)ame[ 2seeng-hes smoqth pyrdiop apd &is i Rigjos
di,agram of f dd@shdeNthen
vafeh? S8 e A SO %ﬁ%*ééﬁﬁw @Eiélaﬁ% Bt S Rt e e
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n

FIG 7 and the description her does not necessarlly

mABEERSnBlibed 4NGL LARAY 1494 of the context.

[0171] FIG. 42 illustrates the process of assigning compression types to frames. D,

the current frame difference defined in Equation 19, is the basis for decisions made with
respect to frame assignments. As decision block 4202 indicates, if a frame under
consideration is the first in a sequence, the decision path marked YES is followed to
block 4206, thereby declaring the frame to be an I frame. The accumulated frame
differences is set to zero in block 4208, and the process returns (in block 4210) to the

start block. If the frame being considered is not the first frame in a sequence, the path



that can be incorporated into an encoder. Accordingly,
certain aspects of the functional nodul es are
wdesrisg@d bel ow fol |l owi ng the di scussion of basEUasm®6/037948
enhancenent | ayer encodi ng bel ow. Base Layer and
Enhancenent Layer Encoding [0175] The encoder 228 can
be a SNR scal abl e encoder, 46hi ch can encode the raw
video and the nmetadata fromthe preprocessor 226 into
markell N(ﬂs f%ﬂ@#&ed fonthsadem2daticre Rl deoisioal Wiy @add, andar testiblock

as a base layer, and one or nore additional groups of
4208nibe dettentaframe alifferendstia tostasl AgpIRE e $PCRS ChHEEERA. 1 the
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predi ction, which provides a significant anount
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thf%luﬁ Wéiréé%tsé PQuskefF tﬁé %ﬁrreﬁlflf?arﬂé Yetermceas dirdkéethanag the frame is
en the original frame and the reconstructed base
zmﬁgyﬂnobeaﬁbﬁmnkhnbkmbﬁ@ﬁﬂed at the enhancenent |ayer
The enhancenent |ayer uses a quantization paraneter
QPe which affords a finer quantization step size.
EnEB&Rdi ng neans, such as encoder 228 of FIG 2 can.
performthe encodln at bl ock 321. 0177 At bl oc
[0EIA, arRacivgdrckiie 52 Hhe &apsppder s an encoder 228 that

rec%@%&%?&%yed Al@éﬁﬁg‘tagﬁh nco e% ﬁ&ﬂ/ & p%g%& 6R3 2hB. t’fh% metadata

rocesse means as encoder
carZi@cieds PDer frﬁd&rmaltlbﬁ @rgtmmyng:canvedblmcﬂhe 3@BreceAvided ol and any

325, the encodin rocess ch f the e
oo ey e B En Ak T bS8 Bl st s
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anes remain, I's repeated until all the
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e AR S R SPGB P yormacn.
ba¥Blayer lafid %nﬁﬁféeﬁeﬁﬁl@?@soa@e&lcwlhﬂonh@tl(ﬁi, s@dspantiReboinformation)

from the second pass encoder 232 to the first pass encoder 230, the re-encoder 234, as

Nt

well as the preprocessor 226. The encoder 228 encodes the received video using
content information received from the preprocessor 226 and/or content information that
is generated by the encoder 228 itself, for example, by the content classification module
712 (FIG. 7).

[0174] FIG. 7 illustrates a block diagram of functional modules that can be

included in an exemplary two-pass encoder that may be used for the encoder 228



[0178] In order for a decoder to distinguish between

base | ayer and enhancenent | ayer data, the encoder 228
wenewdasoover head i nformation, block 327. The prypas26/037948

over head i nformation include, for exanple, data

identifying the nunber of layers, data identifying a

| ayer as a base |ayer, data4ldentifying a |ayer as an

enhancenent | ayer, data identifying
illightad-ih HIat ROMERiqS dspdcaeenthk duattonabmotulas ard shyam i FIG. 7,

i s an_enhancenent | ayer for base layer 1, or Iay?r 3. )
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accept abl e base | ayer video when the enhancenent | ayer
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illustration of an exanple process that coul d take
paspmeter QR hihirtkafbords gffier guargizatipn sien sizes HnGoding yeans, such as
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[0177] At block 323, an encoder encodes base layer data and enhancement layer

data for P and/or B-frames in the GOP being processed. Encoding means, such as
encoder 228 can perform the encoding at block 323. At block 325, the encoding process
checks if there are more P or B-frames to encode. Encoding means, such as SNR
scalable encoder 228 can perform act 325. If more P or B-frames remain, step 323 is

repeated until all the frames in the GOP are finished being encoded. P and B-frames are



exanple is arbitrary. A macroblock is nade up of 16 X

16 pixels. Pixels can be defined by an 8-bit | um nance
woabur@3g§?d) and two 8-bit chrom nance val ues (CPCaNE2006/037948

Cb). In MPEG Y, C and Cb conponents can be stored in

a 4:2:0 format, where the & and Cb conponents are

down-sanpled by 2 in the X4and the Y directions.

Hence, each nmacrobl ock woul d consist of 256 Y
comﬁ}%ggcggfglgiacgg@d HacfoBITRRY eitcs-canet MBGPaltRupl0 e san be intra-

5 of current picture 333 is predicted
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ts I's cal culated) resulting in residual error
ovelddd Mésmitiah cenrler cGA3ined innksded aumppeteh Vs deepase and/or

Cosi ne Transfor DCT). . 345 .an - tJ
oSSR TR0, P O o 800 LR 400 e s
EnGRIRY 88 8is0fich¥s ehddde2287 FIG. 2lchnptifogn fhewweocels atdloak 327.

t he "hi gh freqqency coefficients V\,h[%%.e. allofting nore
[0169}? t dot havel guelerlatrefespdingeiths CPERICLNISTR AT daust be

coefficient e : : -
coffE LIl nEFEA L SRR e e ks e
to bbfe@hérated dhterattieclgnotmedise niisrovatd brrodeg esigrifigagt amount of

current macrobl ock .335. Th ded i nf '
oS PRS2 43R R RE Tl SETSE Byt
enl?a"ﬁ%@rﬂgrﬁsla entin XA Re dB&Bt ©APHRL kdfORNnEs. | AMGRrorithm is
enhancenent, or tfansmtted over network 349. [0182
neg{fg ﬁﬂ;gentbwe deraatlayedambenhinsemants layer cesffigieats, er?isgi* can be
3, ,along. with encoded notion :
conid AR PSR RY L VGEL B Tk 8 Rane ac e
safh@tiHS Eh@Sal g thmOdhoald pfeidNes ddceprable drass Uigequéstt when the

nmotion estimation and conpensation. The encoder ca
enbangkment fayer pisoneld avakibly o Hhec daender ofe ‘E’?sn‘ﬁ £ sffgode the

econst ruction l.atd h ’ i .
oSSR HY PR R R B ERy Bl Caacg bt o o
i1hiRtive BEarié of anhe poodss e diftvssaddodhethelmoy inogpntext of the brief

process, whether done in an encoder, for further

disoussien elownsgrd BRI RED Yt ed her e,
0F8HO"S P GO Pl ifleFEAdER &Rk dEhasipislt adrysoralt Relund

[ rererence Hea:% (agflaeporti on o?ﬁ)sg pi ct&?g or‘lﬁrgms _un E.mcy
bethadn hsrepiehnig a elieeenpetire j andr @ s Meirbingd prefliggion region i a

encoded quanti zed .. . . ..
reference p1ctgre. rJIthezloca’uon of the best matching prediction region in the reference

frame can be encoded in a motion vector. The difference between the current region
and the best matching reference prediction region is known as residual error (or
prediction error).

[0181] FIG. 32 is an illustration of an example of a P-frame construction process
in, for example, MPEG-4. Process 331 is a more detailed illustration of an example

process that could take place in block 323 of FIG. 31. Process 331 includes current



coefficients are dequantized 351 and then 2D I nverse
DCT, or IDCT, 353 is perfornedresulting in decoded or
woecerrsguct ed resi dual error 355. Encoded not POW/US2006/037948

vector 341 is decoded and used to | ocate the already

reconstructed best matching macrobl ock 357 in the

al ready reconstructed refedagnce picture 337.

Reconstructed residual error 355 is then added to
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redi.ction.reqp.on i I ' I &ggp&g@sngCb
Inmﬁ@ﬁeﬂfﬁ@“ﬂ?é%%%%?gﬁQ?ggﬁgg&#ﬁggﬂ@%g%géﬁent pigturgf _
comifdfesis siacrdbldtk B8S bf bmtatipiguieriddiis piedictediyomreterence pecture

previ ous best matching predictio eqgi on_are copbin
3Bh F él!ff?redlt dimoPeIRlthen -CBFIF%tCElFWﬁ%B?’%r %d?e@f%dlsr%% i r%ﬂarence
pic EE&%%) Joflséa‘?é‘ﬁﬁ; REIABS InAELIBHE BEIHhaDisCldeE®, hagnvufanCr and
tt e best matching cormbined bi-directional prediction

Cb valyies o icsrrentrmairablatk 885 deingoencpdedti dhe decaiipp of )b_estmétching
| ocat j .of the be hi n redi ct . ' i
ot RS 308 bt R LA LA R 5804 1L Reteoce

mat chi ng
picRECE L8t ££0fr9Re NP FREmPERY b dusodee fvill Raeerepinstructed prior to

can be encoded in two notion vectors. [0184]. ELG. 3
thejdonsfsuatian e carrerixpinire 333 HeseRHIES @%geglggk ﬁg?m Sibtracted
encodi f TR vl @Y 8hd Cb ts is
fml&‘océﬁnfepgg% nIiOIS)f%)t%E §t3 5 3%§{f%2&%8?$%%d by ehcoder ché)fnp%ﬁ%n ’
calbased pRcuRMaamc esEink] baye B43.aResidwd cuted 343 jsr ovdoded arith 2D

Disgrto GPRge HESTORBUYEL HimP B ABBueE 4 o P eL i, gl can
be %I?{)]I%l < ecg g)gﬁ;\gd%gpaﬁﬁle&n%g’ssﬁfn 5, Gor ééhmph’@\éﬁéftﬁh% if@@véfi Higrto the

used to encode intra MB coefficients
highSfrevpehcy Ertidenty wiidandogingtmers titsdo des lovolpisany codffjcients.

Th eSO of T 4500 cpogrlenk T Bty flf g and

ref¥1ie]ﬂ§é) #g,@ﬁ@ H6ideMii§aE BFbian BQRNP b efcddudranfandatidir crpeesenting
I NT or

tion in this exag?[e is input to a base |ayer
culpestmanaeneing3 Trathoencodrd IMIepENaHR R PesHreh %WE@H@%?OI future
| ayer hest t chi . T b @Bhanek ,
usg Y FPordeten TS IR0, Lo Reor nRg, Sfanetment
or Bah@hittbdateringtwe@kcypat ed at adders 367 and 369

respectively. Loops 363 and._365 cap be rfor [ .
0B al | eThe gRcodpdanantgeds sortbifients) Py r© l%ﬁse%?%ndﬁ%% with

eni:&feld%ﬂgtiénogéc?orf 1 ﬁaﬁaﬁé:Béeﬁgco%éérﬁfrﬁct%lreﬁﬂﬂla&wlock 335 in the
respectively, Ich contain reference franes, to . .

entelizntibf yis¢ e pagtsef aaefetrnng frames 631 bRequent motion estimation and
compensation. The encoder can emulate the procedures of a decoder for this P Frame
reconstruction. The emulation of the decoder will result in both the encoder and
decoder working with the same reference picture. The reconstruction process, whether
done in an encoder, for further inter-coding, or in a decoder, is presented here.
Reconstruction of a P Frame can be started after the reference frame (or a portion of a

picture or frame that is being referenced) is reconstructed. The encoded quantized

coefficients are dequantized 351 and then 2D Inverse DCT, or IDCT, 353 is performed



that m nimzes the residual error between the best

mat chi ng nmacr obl ock and original data 361 (buffers 371
wand7d3gocan be the sanme buffer). The resi dual PETUSE®6/037948

of |l oop 363and |l oop 365 will be different since base

| ayer loop 363 wll generally utilize a coarser

quanti zation step size (a Hdgher QP val ue) than the

enhancenent | ayer | oop 365. Transform bl ocks 375 and

res@f}zrgg g @é&ﬁ?&f &P eBshstBStd Halduarl &96:5333 Brobed BOfon WetEi5}41 is

transtorned coefficients are then parsed into_base .
decbdedemdarsdd ¢ haateethe alreddyyreeonstsaeted bpwpaiching swcEblesk 357 in
379. . The parsing of selector 9 - 355 i
e iy aeharEletoelr BE SRR SRR AR ANRAEU Ry 355 s
theP3ldabd do tRESTRIHEEE HeSt hivddhindh enspdtiocke B8Mttol fymr reconstructed
coefficient, Cenh , is calculated %uch that it i

mactoblock A9 Recpesiiugedantcroliogh 859 ar b £Lf Hbaﬁmoéf’e‘ﬁﬁplayed
_ C base . GCal i t
1nd?%c|n|8%§%?ﬁci:% tag)lilétﬁlgal vglg%ét}ﬂﬁra 1%9&%% MackWEks ! & J26ceBsed further

er allows a decoder to
for ag@ighbhenase | ayer coefficient by itself and have a

reasonabl e representati on of the inage, qgr to conbine .
(0I8RE. baBavamer Gh i Geri S1ogy ot B e e i TEed Syotot
| i t he of bmas pibereaesd fd Geantmichi
ter S)F-Ael(r:llt‘::e gﬁ%&&g:ﬁ%fégﬁg@gﬁgre tahen quapEt i ged by . i C_mg
predicsinh irzgios 884 paewioBSEICtUTh @ndjrahest Zaaichinaf PPErEeR segen n a
ase and. Q n cal cul ated_wi i .
Sut}s%@'}?@[:ﬂ%?y;jfh% gﬁtﬁgu%qtgore g™ %tﬁhﬁléﬁég‘gélégéé{ ans?lnﬂftj%heﬁﬁewous
be?ViRhtcRinBEh@Ickoh Oregiofl €@ dembihed 86] fofm aatantibindwk bi-directional
reconstructi on of the macroblock in a decoder, he best
predistesamegionr Bes dftuensat hebueen fhe suEent| gWre fedonygaf the bes
LEOr coeffiGj. e : b r.esd | o9 dicti
B3 pEPERFA L0 Al BoRBUR sy gl cagt o mpin
errbf). tTie 16esibnaret thbibag nmcting pedictibowegion in hafshleseqaent reference
resulting in a reconstructed. macrobl ock th mat ch
picHRRP I DI FIEE S LI, RSB SHaP T IeisaR Pagpe can be
en&@dé%wﬁppgg%ct&gl, i nverse transforner 393, adder

er 373 performsimlar calculations in

[0X84h anc &F6n B3 liberas S asampleeofvanendogeprogess 4giegncpdigg of base
363. In addition, adder.393,i S '

lafgE A RON BEE A GHERIe e HROR PR Ao I Encklf 225, The

baSO&ld LfiaBfnSent $8Qrd e Eheode@ o psdvidichn SNRodcatable bitstream. FIG.
enhancenent | ayer. The enhancenent | ayer qﬁanti zer . and

33ctepistnurt pxample I0r Qepdipainiyr ME rassbaberqr PRyt furlyas would
Si | t .
SR LG5 52 LIRS st S iioud e o ncc
in©H Ve e&dTRGiEnts A vellc Bat fding ermtnseickas encqiencuspment 2 of FIG.
n b | oyed i, | ect , of Fl 3 |ecting.
2 racestostdhe BOcerdleRrIbs O B RSB A2D 8 FTr s nehdnal o
begcﬁl%&?e%z %?deg%{alci(%dﬁkaéo a2 omiftise Rindgh d3éhrork infT@rofdtiGn in this
as npl e,

n exanpl e e transforned coefficients are
expaptdisi fpat Hese Basel lepdrahess neatchingy araceabégoki d90pnHQe2 and an

en%gr?gg;llelrl{] latygre bés(t) ln{a(t)c\i\{‘il{]ggmacroblock loop 365. The object of both loops 363

and 365 is to minimize the residual error that is calculated at adders 367 and 369
respectively. Loops 363 and 365 can be performed in parallel, as shown, or
sequentially. Loops 363 and 365 include logic for searching buffers 371 and 373,
respectively, which contain reference frames, to identify the best matching macroblock
that minimizes the residual error between the best matching macroblock and original

data 361 (bﬁffers 371 and 373 can be the same buffer). The residual errors of loop 363



equations:0 , i f Cbase and Cenh are opposite signs

jmn( 'CC basee >, CC enn h ) , Ootthheerrwn issee
wC2eimh3s@enh - (h(C base )) [26] where the " nPai/US2006/037948

function can b e either a mathematical m ninumor a

m ni mum magni tude of the two argunents. Equation 2 5 |

s depicted as bl ock 401 and5Equation 26 i s depicted

as adder 510 in FIG 34. In Equation 26, Qb stands for

andc}gg) 9GS Gill BY ﬁffféﬂéiﬁrﬁﬂcé%aségﬁ%’er RBF 36D will peandly ilﬁhze a coarser
uantizer 385 of the base Equation 2

quantiradient sefi Bizeetah arghenélﬂ vehge rtfyn@béher PriaBgemenit lslyar loop 365.

e R sy e e R R A

[0185] UStTRS 't‘?&hs&fm@ﬂobbﬁﬁcﬂ&nmlr@ thén apztras:b 1Ina)/ebasanh1yer and
enhancenent er coefficient sel ector
enheumrmnélab’hlec(E@{@mt&m gelectqr 3.78ntTéier?é‘éFH?gn° e!?&&‘“—‘?ég can take on

sevgrgﬁ_%esenS% ﬁs&?ss%c? 'b!el%W n@nf [c6hindnOit§Qte @ﬂ%rpﬁgﬂ techniques is

e enhancenent Tayer coefficient ‘as shown in
that 118 cnBhdcemied]aly¥ocREfEEALONS; , ,)is Lalc@@iedvinel ¢haCibmsedifferential
given b y Equation 27. [0190] FIG 36 is an

refinbnbtib Aid Bae tdyeaoodffieleneKgpl €alvhlating d@eeﬂhay@nneah ljiyer to be
enhancement | ayer selector 379. In this exa th
a réfaenehagoethe basf fayei dhws a éewd@w@r@éqdfaﬁ@ bape nPayel‘ COfolCleﬂt by

_enhapcenent i's e ua f

oGS el e 1 Lyl SE A7 BB e B o

enﬁalﬂgelﬁédt qh! coRftiadge aBa hab@efefigo@ idpreseantion [di1iBd Jimhge. The
dition to the base and enhancenent | ayer.

coer-fﬁclonts sdlefted by eeleefor ﬁ%ﬂéé}éféb%anﬁéfé‘o@ ‘N?PHF%?’ %gﬁml 383. The
identifyi ng how.MB
quantized co%fflc?ents " S ol ,encogcaateg nw1tﬂ Slgantlzers 381 and 383

base

respectively) can be stored in memory or transmitted over a network to a decoder.
[0186] To match the reconstruction of the macroblock in a decoder, dequantizer
385 dequantizes the base layer residual error coefficients. The dequantized residual
error coefficients are inverse transformed 387 and added 389 to the best matching
macroblock found in buffer 371, resulting in a reconstructed macroblock that matches
what will be reconstructed in the decoder. Quantizer 383, dequantizer 391, inverse
transformer 393, adder 397 and buffer 373 perform similar calculations in enhancement
loop 365 as were done in base layer loop 363. In addition, adder 393 is used to combine
the dequantized enhancement layer and base layer coefficients used in the
reconstruction of the enhancement layer. The enhancement layer quantizer and
dequantizer will generally utilize a finer quantizer step size (a lower QP) than the base
layer.

[0187] FIGS. 34, 35 and 36 show examples of base layer and enhancement layer
coefficient selector processes that can be employed in selector 379 of FIG. 33.
Selecting means such as encoder 228 of FIG. 2 can perform the processes depicted in
FIGS. 34, 35 and 35. Using FIG. 34 as an example, the transformed coefficients are
parsed into base and enhancement layer coefficients as shown in the following

equations:



such as encoder conponent 228 of FIG 2 can encode

overhead information that can include a nap of
wonoo7asgoded and i nter-coded portions, such aspCctmis2006/037948

exanple a M B nap where macrobl ocks (or

sub- macr obl ocks) are identified as being intra-coded

or intercoded (al so identi#gi ng which type of

i nter-coding including, for exanple forward, backward

or bi-directdonal) to ich fra .nter-coded
porti ops are ref reﬁgélds.e ap azha%exog%n%{g%}g%ect, t he ME25]
map and “#Yase| rhiay€y, ,c6ef fi ci ents athereiseoded in the
base | ayer, and the enhancenent |ayer coefficient ar e,
encoded j,iF €heQwifrs€éaeht | ayer. [0192] P-franes and 26!
B-franes can contain intra-coded MBs as well as inter
MBs. It is common for hybrid video encoders to use . .
wherat the dinind rfangion( Ry bspeifher A mathimabicale BIYIYD, &3 JFgimum
cer tali r i i 5 bBtt 1@t &RFBGuation 26
ma é".de I(’Ethg? %8%?%%8 Zﬁieﬁ%‘gﬁlgf‘ggﬂgg r gcégszlélibng wher e G
is depidtat a0 d@dbr MB0SindBIGI034.ddp dipiiabon hh & ceandntfor Mjcepase layer

quaglgtaqerir %ﬁ'\{B@‘;’lg BOny hetd cggéjgﬂlgmg{;g 35 M2 15l YyellS HbulaBbn 26
conf%fi? trcl-lg]et Qnﬂﬁﬁ@é?néntﬂ QafeR RIERhdR A £ aifidréntial Yefititpieangédhe base
or

e enhancenent |ayer decoding, for the
layémndoefficiod egtclBediwitht BeuasgsdS| ayer P or Bframe, the

refinepent ,at.the hancenent r Sk
0h 057 Pl A3 BodBaT MR Bl i, SEAMIE BE o0 bbb $hher and
entiRES S 15yet BvifitiBhiasldvRS 37501 thi sxangdsthe Equatiorat coehmthined
MBs in P'or B-franes could be encoded only at base
in blagledOTpgatesenys tie fallowigBer QP. This will introduce sone
deterioration in video qu('all [ >y, but tth deterioration
a,l.

shoul d be unnet i ceable™Qf(d,L, JFL.1, 'Gg,g inalater
frame Wida The Tnter! MB coefficiehts in the base and

enhancenent Ilay8r as di SOGSYEY above. Two reasons make
this depgrioration unnoticeable. The first is a
tur ey ik Ube BHFRREsVihe UdhascétlefMadyElVEdefaitidnt he shdwnerin the
["%8?3 i's tcﬁia]t Inte?{.%Bs refine intra MBs. Wth objects
folldvahg chapgmtipusi tion froma first frame to a second

frame, sorreq?i xels in the first frane are invisible in
the sec@pd=f¢.an®: ((QxBe~clvered information), and sone
pi xels in the second frane are visible for the first
time (UAtbvered information). Human eyes are not
senshtiye. Boioaver ed and to-be-covered visual
Wllle%?r%ﬁ%&]&@g gor the uncovered i nformation, even

[0i$tAU9h w1t i 56 apcafatuatatian! efvenotiuRldxbinplet o 2yiese nayer and
not tell the difference. If the sane mforma{lon ficient i

enhameinest ilayet Hslecesir 3V -ng P this apr@mplheths Brse| layer gogffigipnt 1s
chance that, thef . b Al LG EiHRAHEE MBstiveen the

uchwgc%lrﬁjartg?ieﬁlgaﬁ‘ltel"ge\eﬁl(t:glggg tlize@g% ancerent ' ayer has

qu2 BRI/ dRuartd® Hasdniaydie coefbiionn andclini quginehznhancement layer
i ntroduces intra-coded MBs in P or Bfranes is known as

coefftaientRef resh. In this case, sone MBs are coded as

[OEQ{]r a- Cl%dgcﬂlition to the base and enhancement layer residual error coefficients,
the decoder needs information identifying how MB’s are encoded. Encoding means
such as encoder component 228 of FIG. 2 can encode overhead information that can
include a map of intra-coded and inter-coded portions, such as, for example a MB map
where macroblocks (or sub-macroblocks) are identified as being intra-coded or inter-

coded (also identifying which type of inter-coding including, for example forward,



MBs, even though standard R-D optim zati on woul d

dictate that they should be Intercoded MBs. These
wonoo7asgoded MBs, contained in the base | ayer, PCausbh®6/037948

encoded with either QPb or QPe. If QPe, is used for

t he base layer, then no refinenent is needed at the

enhancenent |ayer. If QPb i4/ used for the base |ayer,

then refinenent may be needed, otherw se at the

bacBRARNGEPEMcctiBYAY and ﬂﬁwﬁfc‘hﬁraﬁﬁe(ﬂﬁﬁkdﬂc&&d@d portiogs are referenced.
noticeable. Since intercoding is nore efficient t
In amexemmodipegt, e Miemap rad bese lagen spglisients prerfngod ftdﬂ’@s%e base

{
b e U RRIE g A e o
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| ntracoded MBs, as di scussed above.
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fra bg‘f eetr 15/1&%%6%1’[ gtrtﬁggnll\ﬁgerﬁ&# %P‘émﬁ&%ggﬁgp@&. a | ower

erencrn ualrty tntra-coded
[0198] s Ofinfra-t6ddaadBs if) P%]B@‘ameexeqlmenmmoﬁ bits than inter MBs.

ol ST B o e L e L LA, e
unﬁt?saﬁ Q‘Eﬁ% el P, SAEY G/ﬂ“f nﬁﬂﬁﬁcé Sorhd) §et¥ﬂ1&§ﬁ’01bﬁ1| e fede hut this

ase the whole frame can be coded at thé base
defesipeation uhbmlﬂ;beannhonmabbf if nieisemfinest int 4 batesrfime siirthe inter MB
layer. If a s e oC rsa&

cosfBHfs irag DEE TP FORTP B Yo e g TR8 deasons make
th1§ ﬂ@éﬁ%ﬁa@%ﬂ tunhéﬁ(:%ﬁblet e tif1gs Btdtaeer geuluthdaeviant @yi;&dn (HVS)

base layer quality or sinply dro If a scen
and meqhem@us ﬁlaailntar Mf\f}Srraﬁ%e infg Mﬁéng‘g@ %?tb@aﬁé‘é@% position
the. P f
frqn&ﬁef}tstg%adrp? cf/lgrggcoﬁ f%nge lsglélg nco ﬁgﬁéﬁg’f‘a?n@&eQﬁlﬁ%ble in the

seStRICTrhie dtd-Fe-Eorepan difogndtion), dnt mmte pixplsi inathe ovecdisl frame are

[Attorney docket/ref. no. 00 ntitled "SCALABLE
visplpeior herimcime mwmeﬂwemﬁm%oﬁﬁl@aﬂmefsm G SPIRVEYg to the

ungbvard NG t@%geg%&g vi¥al BBoRSsicdNess & 8Rf uncafskeihfolmation,

'S |ncorporat Yy reference Inits entlrety her ei n.
evEncadeh ifis eatoded asa Roveri quialify0 i@ Rjyermay ngt wHohe didference. If the

illustrative exa f. the code 228.
sape g BIRST SN B P ROV AR BT En D5 tar b b bl hgncd e the
foilB@In;%qﬂﬁaJ% at el teiBneRGQdRn réﬁ’r& it betatifi the em@mabmant layer
nc

oder 228 includes a first pass portion 706
habover @QP.denmarcation |ine 704, and a second pass

[032{]? onAIYl(())t?leI( Icgr%}n%gl t@gmfié[mac {hial(.) ri‘lﬂl'ddﬁlgesoifntrﬁ%%g&g MBS S$n P or B-

der
frames is known as Intra Refresh. In this case, some MBs are coded as intra-coded

MBs, even though standard R-D optimization would dictate that they should be Inter-
coded MBs. These intra-coded MBs, contained in the base layer, can be encoded with
either QP;, or QP.. If QP,, is used for the base layer, then no refinement is needed at the
enhancement layer. If QP is used for the base layer, then refinemgnt may be needed,

otherwise at the enhancement layer, the drop of quality will be noticeable. Since inter-



232 and re-encoder 234 in FIG 2) below the line 704.

[0198] The encoder 228 receives netadata and raw vi deo
wonemossm@1 prepr ocessor 226. The netadata can i RCTWS2006/037948

any nmetadata received or cal cul ated by the

preprocessor 226, including netadata related to

content information of the 48 deo. The first pass

portion 702 of encoder 228 illustrates exenplary

S Fi@intCRln RBtrh-B6diHEQH the sEhs[eSbDasﬁmgmfﬁdlleﬂ(gy these
ax@%%ﬁ@%ﬁf Y |s]ﬁescr|béd bé|%m1ln terns it
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ch fungtignal it v
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nmet adat a and vi deo and d term nt ent
laypiaquatith ¢t 1Y FHRITG Rorumany it e 0y Seviet s 1tr%"ﬁﬂi‘nﬁ%ﬁ’ fafhe intra-
coc[%ﬁoMﬁq ?ss&gclﬁsécﬁﬁlﬁ)v'é‘)'ﬁf ki 4dvahtage af tenquatided of ﬁﬂ:4HV S, as

0 recel ves the netadata and the video. ag
discamsed aibobé.t thel Boframe oMBspeaenle el #ngededr Af fedoWedt guality when

cont.rol infor t|on [5)Y} to the node
refeigneing v ehaaty c&%‘é 1\{hént &Cteﬁol]gl%rat i on and vi deo can
[019&)] Pr OU&Qﬂt&ﬂle@aé,dﬁfﬁﬁtrm&md NiBk &t Piot Befinymesod wihen Al &/Bs in a

whi ch provides intra-coding distortion informati

P QI ot coR eIy O PO T PEGRIES ! A pgrne Chang? in the
VI(IF% é)%lr% 31%8&4(1' gpthﬁsocrasc-p ARSI neRB %Qﬁ ﬁérﬁ&led AV ba® thykLquality

eo an net adata are prOVI ded to a notion
an@ 8b irdfateinent icths bolrantendnt doenl B a7genadiianke peayyd efesB-frame, and

di d
oL S BREFOA O1Y SR BRIRCRT I, oG M B frame
codl aﬁje e-ﬁlagdeﬁlcﬁlbﬁﬁ llayérhuﬁﬁiy%rqnﬁﬂ?r(ﬁbﬁﬁdf of a b@,ﬁe cla:ﬁfie occurs at a

ancement |ayer” nodul € 718 determ nes_ scalability
. P frate; ub slnamge$ mylhﬁrmed%d ibwh thesP digmei aault be gfppped or encoded at

baf DA AL o LB 1AL RRTIE F1ETRY Chriodd i Sehencing US.

Pakdi® APMiSaktecNol AtGmeYIdeciel/fef. Fibe0FMNT8] eatilsi KSCABBUE &/IDEO

715 also receives input fromthe slicel/ order,i
CoRmg I WITFDWO THerER| ENCETES SRR TRYE R DEP TS o B, gemed by

th% & sﬂ%nec on%lbfa In& Whith ib ﬁl%b{}io %ﬁ&fby”ﬁi@éﬂaﬁce i Ots CRERWhdr8in.

pass porti and provides information
on aligning |ndependently encodabl e portions of video
(sllces) wi th access unit boundaries for error

E node deci sion nodul e 715. The node

[09! g Si opydrog Ellncﬁvs7§1151lﬂﬁfr§t'i\78 HQS 20 6P BicNgcdREE228 of FIG. 2. The
i nf'or mat’i on sed on its inputs and provides the

bldtieshdwo dlistgtenoaious onqoder Breecshiig ey sanbe #cilen g encoder 225,

tnghseXeppls e RegRA AR LR ot PR REIRYE] Smarcation
line 704, and a second pass portion 706 (including functionality of second pass encoder
232 and re-encoder 234 in FIG. 2) below the line 704.

[0198] The encoder 228 receives metadata and raw video from the preprocessor
226. The metadata can include any metadata received or calculated by the preprocessor
226, including metadata related to content information of the video. The first pass

portion 702 of encoder 228 illustrates exemplary processes that can be included in first



bel ow. [0200] As stated above, the content

cl assification nodule 712 receives the netadata and
woawnsgieo supplied by the preprocessor 226. | RCTMISE006/037948

exanpl es, the preprocessor 226 cal cul ates content

information fromthe nultinmedia data and provides the

content information to the €dntent classification

nodul e 712 (e.g., in the netadata), which can use the

pasR QRS WA 702 .0k RRh 119 BedcBibeE bebW in@emnscomti®functionality. As one of
cIaSS|f|cat|on for themultinedia data. | n sone other

sklaslp dbe stt willeknoynt b fanationakity can PRt iny Yatiqus forms (e.g.,
d ! t f t
?V(%]lrrﬁI ?#Ez‘ggrc %‘%r@di{%eoﬂtﬁﬁét Ush&eawent information

a an can al'so be configured
[0190] det ﬂgﬁ%@lu&r&témﬁle adaptiva sstidf fefragh GXIR)[10@0d¢. The AIR module

content classification nodule 712 canf.iqured to
71 Proonds 8 HDB} 1 8 SHEMeGRH@RAto FRediHe ? fi§ ek 815{3\9? 1pfgs an I-
fraﬂfévﬁzﬂgd %hftt’lg L ddY Pa%he HirsCORE 9BkionNE2 dirf bRbSAEIude a content
content classification can fresult in different

clapsaﬁemmhensdu]e g2 iconBgyped tesregfive mlmmmewglauar@dnudqq anchideiermine
data, .for .exa

coS i B e B P e Pl o o e

cohBd1i FNalR At GTRinbAille 738 2WhR#Rh lalsb)tece@Vds Glie fie@idhiacind)the video. The
mai nt ai ni ng opti nal mul ti media data quality across

conmcdmntealbcatmmnpémle f134 deierrampvrata it caHi dnfopmalignsand provides it
to £ - Hod El ms‘f(]t)rpﬁlodufer’ac ; orogl‘?crrft b Galdoh & \@{iéooc‘,’ﬁnflﬁrsﬁrowded toa

fahne ing to one exanple
intenfoder(diastion) moahﬂe G ué,edhitlo pobetdes mtmchgdth@T infaymation
(R-D) optimzatio rate locat ons, base

to{the Bof ciEcEPasSb o db oind BetcaliiRY Hg S IRgRigngor bese and
enﬁérﬁ%ﬁl'ef‘lﬂ ‘f-«ﬁfef Ciﬁo@.{l«l: 07’!% m’\l’lﬁé&%ﬂam@&ﬁé‘tat Qrebﬁrcﬁlﬂﬁﬁr RS Sefhotion

a give uality level corresponding t desi red
esﬁ)matlmra(chsttnamhi nmdu&: mwdawh wbeides fnterafmim digjogtipn jormation

aSSIf th f the t i medi t :
o gb SrH R shrant oy e 1 RheHict Qg Rple 15, The
scﬂ%‘iﬁ[& Yéltéléﬁ’sltorﬁbﬁt 81 bast Ndr esahédnidnt Fl@yé‘reﬁiodule O&ldeteymines
conmuni cated nultinedia data gn a_display of a

scaleblét}vl Tatp-distertian |igfoymgdon et edistogiont [fatipptigy from  motion
esg {lgl}]n %nod{ﬂ%zﬁ%] anﬁsi /i n%&%%%t%ﬂgjfzrﬁa An05%6 WH:I‘CH ﬁ%owded to the

assification nodu er goes t
médeadsidion aduRM1S. FTI& rrfbds ldesisioa rmdmdmgﬁ aBo receives input from

illustrating an exe pr.oc whi ch . th ont ent
the FlicelVB edesinh sein & 71 enaliredf g f‘émgA@O%‘H‘a&n%g TeqLyes input

frdth O € 8For) P&ﬂﬂ: & MRodile 1720 hcmlrp%lf t@@%ed@ﬂﬁr&sﬁ Rfdrtion 706), and

content cl assi |cat| on nodul e 712 receives of raw
provikes héohrrmtmmtcm ahgmngtla@@ﬁadenﬂheenpodﬂbéfs $OIPOS tOIﬁ efideo (slices)
roceeds t the, con [
SeHee Saib BadidBfins s rihsostianes o B Ete o RidH pofiRk 23, The
mbcﬁbf Q8B %dﬁfc 7lrSEdéMnhhéEQQﬂc@dlﬂQtn&)dd1ﬁf0‘iﬁlﬁﬁorﬂ8@&dtcﬁm 1ts inputs
the spatial and tenporal information is determn ned

arspaovides the dbes€heasting mede toi thesecord gass portianefQon gﬁurthffiwélustratwe

exp?ana{lorll of some examples of such first pass portion 702 encoding is described
below.

[0200] As stated above, the content classification module 712 receives the
metadata and raw video supplied by the preprocessor 226. In some examples, the
preprocessor 226 calculates content information from the multimedia data and provides
the content information to the content classification module 712 (e.g., in the metadata),

which can use the content information to determine a content classification for the



and tenporal information can be determ ned based on

nmet adata that includes scene change data and notion
woeat7ass0M/) snoot hi ng. Process 900 then proceeds/usen06/037948

bl ock 912 which perforns spatial conplexity, tenporal

conplexity, and sensitivity estimtions. Process 900

then proceeds to bl ock 916 58here the content of the

mul timedia data is classified based on the results of
multtl%dfja EM NG0scrRAbLHRE  ash @D Ahélcontend claevifi¢dtioni tnpdulatd?2 is

inb s 904 and 912. so in block 916 a aﬁél cul ar
configtied dd setermine vagimupyonsent vefornationerars [t Muliimeria drtagang can

curve .dat be. updat ess 900t hen
als%‘i’eo%oé‘é’@gregéoé BH‘[“%’]C% gegb‘fggﬁvfﬁ é% the output can
[0201C! UCEnd coRBml Enésificatios tracdule T 12mpn dre eaifigared to determine a

i ndi cating spatial and tenporal activity
differsmt eontent classifieationtfop Hideo HAHNS F‘lf?%@t éﬁéﬂeéeg goptetitp The different

cong Sl Vga\ss?lfl&%{o%rcrahr}gsa}gffélkg@eﬁ %axﬁetefsh?se& e bgREts of encoding the

lon no I des an output to a rate
muliiddiDdatlifor alalnqﬂa,tdetmmlmngm bit 7dtd (e.@nbit atlpcationhker determining
(distortion) nodule 716,

quATHELRt p%rﬁmswrwaaﬁl@ ?ﬁfgnﬁtﬂns eSifB550 RS, aintaining

opdf%él a [ 82D Hualifie 261084 @Rhnrelsashidf fratdsorchamedll switching
can e configured to calculate a variety

of
scheort éng., farfiog Ardtanms gengdmcglbetom},}ow ﬁ@étcﬁhgn)@pdtsgnchmg According
to oS HETRE 3%%?6?1%5(? o1 SRR PIA BB S distorion R-D)

enpora con‘p exit
op&RI¥ati&s hnd Bit kfe md)ddleiSns sdsadn dﬁ riet datenatiassifcaiod. f]Danmunmg a
difference netrics, descri bed fgrt her bel ow.

corfet ATERIOrEAIGSS R opibdu PG CTDIeSee (e E1ven qhaliy Level
coﬁgs%ﬁcgﬁé &4 1 Yedfls rb[f@ e HA&d Bh £QBReRXcla¥sifiBMlion.  Also, by

conplexity the nmultinedia data, and al so
clasQf meloah’enaoﬁ mmlemdulauiatat (0.gt. hbtes]pgtmgp cenfiapl dsgsifigation

o eV s B RIRS1 e QIR SEY o Wit

091@ B0 tofl NFRENR @dVidcelsathdg désentib® on the video
m@%ﬁ?@%?@% Hl éru?tci nmedi a1 daglt a kl)el r?g encodpbd fromthe

coper{pr ocessor 226 or alternatively, the preprocessor

[OE@S o? ﬁ&ﬁb g‘ﬂ ¢ o}%fg&}g% 9 (rj? E})g(acce% e Lh%{ oh&:ﬁt Q:%Elﬁ@&tlon module 712

e conte

unklPleBESTRY £1Q8%ifS2¢bnitdie] I, 9 fsl@d’wsex qmiﬂees o0 elhmtratmg @n exemplary
Dcsat val ues, contrast ratio values, notion vect

prvécws)vy velrieh Senscatiend sdassifiedion mpdyle d 2 MpSRPRTE: [/8%%‘1“ the
prgcea% 288 rb% rg.dl 15{6&96'1' @?Q Ayl |t15r{=g @@nt@rﬂ%l%&ﬂf@&ﬁ@n module 712

nces ranes. frame can be
re&Hi QSR ralp mulﬁimednb adatesandfmepadatd. s Th@ prq@m%)é)sthﬂgproceeds to block

9@2@%%&2 lﬁ@é %g.gtlﬁgtglg]f#/ 1%:}&%{1 Errgo?ug% 3‘?5 gaewl G h aF %lt ] (%{‘matlon and

teﬂ‘fpg{é ARADE tRCRDRInMid ﬁ‘atﬁmlrﬂidfn@ﬁs?b&ts Qhe @pumaa;gi egnporal
ow changi ng areas of |um nance and chrom nanc

infdrivlatibraiseletepmirsdaty splatid ong texparyl. madkngs g i, §1|1termg) The spatial

and temporal information can be determined based on metadata that includes scene
change data and motion vector (MV) smoothing. Process 900 then proceeds to block
912 which performs spatial complexity, temporal complexity, and sensitivity
estimations. Process 900 then proceeds to block 916 where the content of the
multimedia data is classified based on the results of the determined spatial, temporal,
and sensitivity data in blocks 904 and 912. Also in block 916 a particular rate-distortion
(R-D) curve can be selected and/or R-D curve data can be updated. The process 900



conplexity is associated with the texture of the video
data. Spatial conplexity is based on, in this aspect,
wa 2nragrovi sual sensitivity metric call ed DecsaPCTmiSRmb/037948
is calculated for each block as a function of |ocal
spatial frequency and anmbient lighting. Odinary
skilled artisans are aware Xf techni ques for using
spatial frequency patterns and |ighting and contrast
thefy ﬁﬁfc@@&secb losfpu Blogk 9Y8 Swiddre HERGGSut lcan intheleachoanilagey-distortion
the human visual system A nunber of sensitivity .. .
mapratrrvades tndisaling whatfad rand drmpgrah aglyitya fel-oft content classification),

heper spect.i | i m.t aty f oS ;
andgroPE oaeEe R bt rind o T PATT, Ml Gtort KB fation
modSRPPIAbros P la@ Xduputi te Brdie cantrdlebimallbiationimodided1éoan intra

eneral |y describe a neasure of tl\[:vg | evel of. noti ony i1n708
modell {distedion) daedulad 10t S0etp Hiet EEG [idiappn groduie: /0,
. of frames. Scenes (e.g., sequences of franes
dlsglssg%c? egle'dat a) with little or no notion have a | ow

tenporal conplexity. Tenporal conplexity can be

cal cul ated for each macrobl ock, and can be based on
Conigpt aligl| ye, notion vectors and the sum of

[02035 0! Utrge Riohtnt QidsbiBicansie sodgleWeEDN can®ef dofiguaddto calculate a
another frane (e.g., a reference frane) .“A,0207] The
vafigty of contthidntmmation fionthgnpaymadigeiat, ikclgding goyariety of content
di fference t ween.. cut i : ' i Pyal
e T
staffarbviationgndiftdmd diefefensd tealcs pdescrihedrfephadehtved as

sum of absolute difference (cgilA\D) getvve n a predi Gl Ofctorm:
[0204d t helheupanasnt GrassHiBlioR KOG T2 iy By éfpaeyFd Jo determine

v il 8Ndhe RHultiitediar egh] andlalso to
Sp%agddlogﬁ?%)ﬁtf;?@glélglﬁglfalegogi[pgmgg] Chee ex%rrplee aof a frane
asdbicfafeen eexrere vatuei to thaspatiaboomplexitpeinda mefiay waelte nthe temporal

co%agqu?(ig\é.e g A gqr%l%tng &?@gﬁrfﬁgtg?qs gxgcidﬁlget ?EE Llrgclzflfi%?sf g%p({c%s'egg content

infAehA & taRBle RefbUdMEen®s Bf eid Afaliimtad damit bl encoded from the
estimati on and thus bidirectional notion vector a

' d
pré&@Abrassiri20act alternalivalyaitheapieatocesspy 3tkcdl be é?@%&}léedq to calculate

d by SAD - )
R O
exam! l)nf} o B8l et uddycontBguatie valaed, nfdddn v2ctordiVe), and sum

SAD = mi n( SADN, SADP), where SAD N is the SAD conput ed
of fabenivteiséfferanaes &P 40pef er ence frame, and SADP is the SAD

O30, AL RIER A SRS o SR7E IOt s,
fraleecr Ehedfralmowenibe broken up into blocks of pixels for processing. Spatial
complexity is a broad term which generally describes a measure of the level of spatial
details within a frame. Scenes with mainly plain or unchanging or low changing areas
of luminance and chrominance will have low spatial complexity. The spatial
complexity is associated with the texture of the video data. Spatial complexity is based
on, in this aspect, a human visual sensitivity metric called D, Which is calculated for
each block as a function of local spatial frequency and ambient lighting. Ordinary
skilled artisans are aware of techniques for using spatial frequency patterns and lighting

and contrast characteristics of visual images to take advantage of the human visual

system. A number of sensitivity metrics are known for taking advantage of the



reference to Equations 6-8. A SAD ratio (or contrast

ration) g can be calculated as earlier described above
wonoEgasmion 6. A | um nance hi stogram of everyPETAISE006/037948

can al so be determ ned, the histogramdifference

bei ng cal cul ated using Equation 7. The frane

di fference netric D can be5Qal cul ated as shown in

Equation 8. [0210] In one illustrative exanple, a

peréé)%@t{l&@ﬁ faﬁBﬁsooPﬂQ: ﬁurﬁﬁrﬁ%ugﬂ ffsemenee doald be wed with method
trfTirzed in the follow ng manner to obtain a video
describiddreteinl assi fi cati on, which could reliably predict

e features in iven VI e : :
o2 TR E5uBe SRR TR ACRERIE sl gLy cscbe o
meRURPHOERSIER o AfotediNinain8Rinieli auth iag uefecbrced Hetveemifrages in a
acontent classification (or other conten ({? %}?3 nﬂ} tgl?
seqamegésfm%e Sesnesets- ciequdices eL{RBRS b Vidse ot @t no
moBglF 8\?\/"6 Jow. Fmgg'r% E&B@%§ﬁy dega, #opﬁ Cohipld§ @K as@Efeulated for

ontent to el ght possible
cachlA&S6Sl0cls i afidl can bedakdbo nmebsitwame; omwtiohtvatteesdarfdy msum of
the RD curve based anal ysi The ¢l assgificati
absphise @9 GHHEE SO RPE Oh THRee A G it (BBl Fgng pterence
m&_; each superframe dependi ng on the conpl exity of t he ,
cene and the nunber of scene change occurrences
[O2l()ﬁ|]at s (The rffanendiffetEhee mehicegivesca msasure ehtheshiffersaea léftWFPn two
eprocessor .can execute I Smbdn vect
conegyufs AP ACTR 5P ARy gt o G ShfRSmbhén vector

or M\ﬁﬁa‘lb G/ﬁh it refidb sl cpefefyatprefmtdd :ﬁ;mam:afmma]slte diffdrence (SAD)
frame ference values. [0211] 1. Cal

betRregnr wﬁtqtfgs@ndam FrERb nESHRNe: B?J?eggl}fgqgeqcle ﬁ?q Rrpvides a
B SPL AN AR RlHES prd RAKRlorfeiehoearel | ze Frame

Pasy ere ce val ues using the val ues
[0208] ai ne@he‘ ef;@mpﬂia ofid frtuine risfferedrieahetsic dag@l emdre3notion information

respectively. [0213 cont ent }
- recgiveds iﬁfoifrt alt i R’F%‘ieIS;OE B%ﬁeﬂgﬁﬂ’e pﬁ%onflﬂl@ Jagiign, cogpgnsated  de
mt&&l\@ﬁ% A I i e ebrfeM acer BE@6®nsCR BidiRs i orv afbtibn @shi¥hation

er ence Mean - *| Contrast DeviationL?2
and thuyp bidEAsT anetid Ve an«é Sﬁé&). iiaforgtipp )is [aypifabjhers frame

d1f§;e?9/\éceer§%qnéecc:1([¥§\ﬁ a}\éﬁ%& ePc V\gﬂggg}c{( %Q%Eé‘gérgf ? as F8llows:

CCW, 0.9 for CCW, 0.1 for CCWB and 000009for
CCWE ATH O AL 16, [BNI8 * RkpEntifE, MVIPgr of scene chang@s]

in the Super franme. Generally, a super frane refers to

wl'ﬁar%m?:c%lug&_%o%r(ﬁfvxwﬁ- Wﬁ?%ﬁ]ﬁa—lmﬁﬁgﬁ, §m§,m&ﬂe SADy is
the SAD computed from the backward reference frame, and SADpis the SAD computed
from the forward reference frame.

[0209] Another approach of estimating a frame difference was described above in
reference to Equations 6-8. A SAD ratio (or contrast ration) y can be calculated as
carlier described above in Equation 6. A luminance histogram of every frame can also
be determined, the histogram difference A being calculated using Equation 7. The frame
difference metric D can be calculated as shown in Equation 8.

[0210] In one illustrative example, a contrast ratio and a frame difference metric
are utilized in the following manner to obtain a video content classification, which could
reliably predict the features in a given video sequence. Although described here as

occurring in the encoder 228, a preprocessor 226 can also be configured to determine a

i



time period. Typically, the tinme period is one second.

In sone aspects, a super franme conprises 30 franes
wOhR07/03970i ps video). In other aspects a super PCaB2006/037948

conprises 24 franes (24/fps video). Dependi ng upon the

nunber of scene changes, one of the follow ng cases

gets executed. (a) No Scené3Changes: When there are no

scene changes in a super frane, the netric is entirely
con?eﬁx’? t@ﬁgﬁ?{%&lﬁﬁﬂl 061 @hek REntERtaRR rAhiati b19Y IACHasy H&tdd® cRigfitation

| owi ng equation: CCMetric = (CCW+ (CCW/2))*

to the emedBi 23%yie mussadvten iThe groag descabyd fpthe example belgyy Classifies
- COM* Dif. i ati . Si

e Gt AR 3s S Pl ol Bhafath e

D duif @ BuseDaiyed The &haiffune proass, outfes dehlaulin thecamgei tetween

woul d be used to conpute the netric,. a h s
0 amEAtor ashGEPHHIATEs daPEnding PP 5 COBBIRKILY o WhneFia e mumber

of ;C'E::ég gﬁ%gﬁ\?é}%gi%?@é su it o.! THERbAhRSE cIReYfi @b Phctlule in

X Devi ati onL2) [32]@&0) Two

the%i@?@czeﬁhﬁr@ﬁ%x?]dﬁh@ﬂleifbllmsing seps (B (hdor ¢debsaperframgto obtain
nost scene changes in the given su f th t

s oo RaEa e Het tn g FE g PR aT e v ORE

[0@31 t he {f Ll R1e4R Hrshd Eoi¥taxd Fedme SatadDdvitgion from the

ter quickly, as shown in the follow ng equation:
maGObkickicontras® valugs. Fr ame_Cont rast _Meanl + CCW

[02351;: i gggﬁé%gﬂh%irg%{e ?o%ﬁgsgc%’fy%&@g Difference values using the values

obﬂaix@azﬁgig@ﬁﬁn* F]ﬂﬁiﬂnagvl;ﬁ?h ate20*AndGasvtpeatitelPevi at i on2L2 *
ex ranme_ erence_DevijationlL2) [33 d) Three..
[Miﬁ?mnr 8. SewpRutcHA fgRIgN Fkas%lﬁ%‘?‘tlﬁpv@ﬁt@ué%‘h’r gﬂé \31% generalized
eq ak%l% rved to have nore than 3 | frames (say N) , the

ast’'| frame is given nore weight and all other |

frames are given a weight of 0.05, as shown in the

foll ow ng equati on: & = 0.0 *
| _Fr ané:(%ﬁ[ﬁ&‘rcast_ﬁban %E RXH (i rﬁne*éeﬁwx_Mean + CcCw2
| _Fr ang ToynaeLiseTave =+ (tccvxz (0.,05%(N-1)))., *
CCW3 *]_Contrast_Deviation 2 *
(CCW4*Frame_Difference_DeviationAZ)
[30] “

exp

where CCW1, CCW2, CCW3 and CCW4 are weighting factors. In this example, the
values are chosen to be 0.2 for CCW1, 0.9 for CCW2, 0.1 for CCW3 and -0.00009 for
CCW4.

[0214] 4. Determine the number of scene changes in the super frame. Generally, a
super frame refers to a group of pictures or frames that can be displayed in a particular
time period. Typically, the time period is one second. In some aspects, a super frame
comprises 30 frames (for 30/fps video). In other aspects a super frame comprises 24
frames (24/fps video). Depending upon the number of scene changes, one of the

following cases gets executed.

(a) No Scene Changes: When there are no scene changes in a super
frame, the metric is entirely dependent only on the frame difference values

as shown in the following equation:



Frame_Di fference_Mean - CCOWB *
| _Contrast Deviation(N)L2
woO 20Bsast _Deviation(l....N1) L2 PCT/US2006/037948
*exp(CCW* Franme_Di fference_Devi ati onL2) [34] [0215] 5.
A correction is may be used for the netric in the case
of |l ow notion scenes when tide Franme Difference nean is
| ess than 0.05. An offset of (CCOFFSET) 0.33 would be
added to the CCMetric.[0216] The content
cl assi ét;fvﬁetﬁ?@r; 'zggkw;% (&2 WSS LIEmECD AterMit URleaDt (OOW3-
vect or b 1 a T
det er rr&% ’23& & e 11 3@%4ng§a§%$¥§f?ﬂ§f£e§?§gﬁg§?t2§ eS|
t he macrobl ock (or designated anount of video data).

The tenporal conplexity is term ned b neasur.e_of

the frépe @ﬁgl%rséﬁteec &t p%‘?ﬂéﬂ%ff’fl? é‘r%‘?@g Sﬁg{ev%léﬂge frame
two copseaitiiend LdrBR ki @it 8 aGeR wWiuld Beusany Rbmpute
of notron, wth notion vectors, and the sum of

absol uthe mktfi€ . eisehges bbletween the frames). [0217] In

sone aspects, the content classification nodule 712
can be configured to generate a bandw dth map. For

exanpl e, bandw dth map_generati on can be. perfornmed by

t he coRCdAetrie| assTfi caﬁé%fﬁg@am%—%aﬁ@f% "R Peew?
pr epr o&Beswr DifgensedladBt gener ate a bandw dth map.

Det er mOGWg Text ur e “Angomast Sevigiiones [ 0218] For each P
macr ob(OCW 4*Frirhe Ditfetenoedlexiadana) t he cont ent
classification nodule 712 associates a texture val &2l
Wth the spatial conplexity and a notion value with

the tenporal conplexity. The texture val relates to
the | uPnesendeonsCliotsess When s DYEATS L ERES Giredidmost 2

a | ow LeXLuLen ?sj iﬁetﬂengfvgﬁ‘tsﬁ erfdBle! 1 BROGSperffame is accorded
| um nescence val ues of “nel ghboring pixels of the data,

and a hhgh vietylitithan thalfiret omediscthe d5stl cnegeowf degaywan refreshed
the l'um nescence val ues of nej %Ebl?ri.ng gi >%eol s of the

data. Odhe laHer qugklvyas SEAEN HbthedRIQMNE SV AR

cal cul ated, the content classification nodule 712

det er rﬁé@ﬁeﬁiccont ent cl assifigati oy coanadideeing +

both t i ang- t u iAformati on. The cont ent(cow?-
cl assi Ei%g% %%?ame q‘“foeﬂ?z;i : ﬂ/gegg%%i «the } eduLg f)Q&i(ationlAz
the vi HE N

é'?fag;% tie are N
t ext ur e WaPRESt VIR A g eXPL t%gfaﬁ?eer, k%g?em%pwamon 2)
texture, 33k "H gh" texture, which generally indicates
the conplexity of |um nance val ues of the macrobl ocks.
Al so, the content classification nodule 712 associ ates
(dj he notTiose vahoee Seine(tanges: Hothe ighensugerbramstia oberyggl to have

classified with a relativ tion val . I
moneghaAn Aok %@ﬁf:s (£ I)u edﬁ%ifgﬁ?m% s & ieg ﬁnojﬁoqg?lgﬁt% %L other I
frARASHALIn L i 8R1086.050% shown in the following equation:

CCMetric = 0.05 * I Frame_Contrast_Meang.. N1y + CCW1*
I_Frame_Contrast_Meanny, + (CCW2-(0.05*%(N-1))) R *
Frame_Difference_Mean - CCW3 * I_Contrast Deviationgy 2 *

I_Contrast_Deviationg...N-1y R 2

*exp(CCW4*Frame_Difference_Deviation 2)
. [34]

[0215] 5. A correction is may be used for the metric in the case of low motion

scenes when the Frame Difference mean is less than 0.05. An offset of (CCOFFSET)
0.33 would be added to the CCMetric.



amount of notion of the macroblocks. In alternative
aspects, fewer or nore categories for notion and
woend7isgrocan be used. Then, a content cl assifi eariusmoc/037948
metric is then determ ned by considering the
associ ated texture and notion values. [0219] FIG 8
illustrates an exanple of &5classification chart that
illustrates how texture and notion values are
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texture and notion values that are associated wth
bargivgtith aff.f erent content classifications, in this

exanple. In sone other aspects, nore or fewer

classifications can be used. Further description of an
Detdrinighd a&ini@ AgpgstiomoValaent ent cl assification is

di sclosed 1 n co-pending U S. Patent | ication R
(02181 5373 FO7 PachnmachookON RN RSRr AT En PR Clissification
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content classification to determne a bit rate 1(e._ g. ,
“Tidve’ motibey “Medibin’smatibocent Sdighdrmefierbaihieh gepsrally indicates the

arg%intt Ilggggols@n g?hg‘)r m2ndySLRr e HNe DUL JLALE, FWe? o BBRE ¥ategories

for motion and texture can be used. Then, a content classification metric is then

determined by considering the associated texture and motion values.

[0219]. FIG. 8 illustrates an example of a classification chart that illustrates how
texture and motion values are associated with an content classification. A person of
ordinary skill in the art is familiar with many ways to implement such a classification

chart, for example, in a look-up table or a database. The classification chart is generated



process and conponents of the encoder 228. A bit rate

determned fromthe classification of the video data
woaomn7agpiconserve bandw dth whil e providi ng nmeeriusemsas7948

data at a consistent quality level. In one aspect, a

different bit rate can be associated with each of the

eight different content cl &®sifications and then that

bit rate is used to encode the nultinmedia data. The

baséf wgfe'dgﬁrrﬁfnfeg elalhisidnB Jf valebRROdontdie. Toldeimnie the video data

content classifications of nultinedia data are | .
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multimedia data at a consistent quality level. In one aspect, a different bit rate can be

associated with each of the eight different content classifications and then that bit rate is
used to encode the multimedia data. The resulting effect is that although the different
content classifications of multimedia data are allocated a different number of bits for

encoding, the perceived quality is similar or consistent when viewed on a display.



bit rate for nmultinedia data of a certain content
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the bit rate can be preselected selected by a user, selected through an automatic process

or a semi-automatic process requiring an input from a user or from another process, or
be selected dynamically by the encoding device or system based on predetermined
criteria. A target quality level can be selected based on, for example, the type of
encoding application, or the type of client device that will be receiving the multimedia

data.



(GOP) level, including, for exanple, maximum super

frame size, length and P/B-frane distribution of the
woeeR7(i3sl udi ng scene change i nformation), arraOGEISENG6/037948

of base and enhancenent |ayers desired, a

conpl exity-distortion nmetric for pictures in the GOP

for a future 30 franes. O h® input information

i ncludes inputs at the picture |evel, including
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clabEifiGatidny pmtds(4?a rrmcroée)wik\le‘cbl vi canirplsehif altasatiomof macroblocks based
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(ega%@ggkgggaégggum@nd an update of nedlan absol ute
eéviation fromthe nedian ("MAD," a robust estimate

[022@per shoayemplenriiave dingrne of thoperaipn ob i raismontrol Rodile 714
f
s BFRERE TR D5 MR D PO 009 BEARL R 1002

blbdxc| umhesratee 6&ititl Ngodle UNdateeeiods bafidusrinpatsamet el sofaghich are
shown bﬁ bl ock 1026. Process 1000 th% roceeds to
negesply 1BneRied1D2BIGie r Eorgrample, SR HEPBRALAD AP ncjidp metadata
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future 30 frames. Other input information includes inputs at the picture level, including
complexity-distortion map for the current picture (received from the content
classification module 712), quantization parameters (QP), and bit breakdown of past 30
frames (fit over a sliding window). Finally, input information at the macroblock (MB)

level includes, for example, the mean absolute difference (MAD) of collocated



As shown, process 1100 begins with an input 1102. At

the frame level, the nodule 720 receives input of the
woeb@resme frame | D and notion vectors. At thePCT/US2006/037948

macr obl ock | evel, input 1102 includes input pixels and

reference frame pixels. Process 1100 continue to step

1104 wherein color notion eé%imation (ME) and notion

vector prediction are performed. In order to carry out
ma&}abl%cpsr QEAPS in AkbfekAcE NALtLE, il hecsiedetlock cpardimdCBP) of

noti'on vectors, and | unma nDtlon vectors MWs
madmbbckmftqr gnantizetion (vhesksriskipged 2080)-and non- causal

[ozgﬁ)'c %@yéﬁ'&& bl%}ﬁétioof §6ss 166(9%&%9&%%10&19 1004 for

i vé or search al gorithm or
1n1ﬁ@izb@&9f&%cb&n@@lﬂé bitsTEGAm. S(Dohcmﬂanﬂgxa@uffai 1rmmalma‘a<m) A606 is

perkgneiindYegtiasaniP 6t MBIt e St} b BAto ! (EAB G By llocation
IOf(ﬂfé%&%gd q%{pock?;ﬂi uﬁ% tioRNN QL OP ?ﬁmﬂl@iaﬁbﬁ Sflé% proceeds to

ce a notion vector search i's
blopk rioe? nwﬂerepr divesis iditiahzquk 0Thiedsitiabzationninglad¢sorn Bpdig of the

heagﬂjé%glé%\é\g] I ter Elogﬁf}lg?éét %&rg SI A 1&&&%%1%%%@ %0£h§008 and

101d’2 B QL h@él torftfol *@kgy KorSil tsic uimtdr @ihcusddor(MBM} carried out
rtion netrics, nd Reference Frane identifiers.

as Smwraby black 1R16 foorpamaethe rafe ERRpcAsRIRingtie) &f 3 maerghlock in

3.il]ustr r m
i
inchER) BRdrbblbyk BVB) birdillbeatich8L0 18y mcapdaté].@ﬂ)@laﬂelyﬂcnsockzﬂ parameters

start bl ock 1302 and Er ceeds. t.o @1304 5;[ t.he bust
103@ aangn| yRdpterRipmpgaR pRsoY!g deyiatigr % e nft 100U

esm{xﬂe QU dﬁgé%%?%@ﬁ%ﬂ@ﬂ %@eﬁ%@oo@% f()m"ﬁod‘é@ﬂé ﬁ)rblock 1024 for
estinati on.

lon estimation relies on input of base
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e scalability RD nodule 718 via, e.,g.,.netadata
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hscalag£ y information of the data base |ayer and
SHERRA AN nt |ayer data. Base |ayer encoding is next

MBgsd Bstiedioas shown in bl ock 1310, followed by
enhancenent | ayer encodin

bl ock 1312, Th ' .
(03781 no Mahemeayotion Bpdtic daR Egd HaPHASE TayEr BBGTAG video
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After encoding is conplete, process 1300
reecides iaputbdfabk rfﬂilencesframe/%wrﬁ@ddb ek Veokger P ghe macroblock level,

input 1102 includes input pixels and reference frame pixels. Process 1100 continue to
step 1104 wherein color motjon estimation (ME) and motion vector prediction are
performed. In order to carry out this process, various inputs are received including
MPEG-2 motion vectors, and luma motion vectors MVs 1106, motion vector smoothing
1108, and non-causal motion vectors 1110. Next, process 1100 proceeds to block 1112
where a motion vector search algorithm or methodology is performed, such as

hexagonal or diamond search methods. Inputs to the process at block 1112 may include
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as illustrated by Slice 1 2020, slice 2 2025, and
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—gmra#‘&%‘n?gor intra coded AUs are |ar
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72on lvs!hlch gecelves an input from an error resilience module 740 in the second pass

portion and provides an slice alignment information to the mode decision module 715.
Slices are chunks of independently decodable (entropy decoding) coded video data.
Access units (AU) are coded video frames each comprising a set of NAL units always
containing exactly one primary coded picture. In addition to the primary coded picture,

an access unit may also contain one or more redundant coded pictures or other NAL



by B-frames. Coding an AU into nultiple slices incurs

a significant overhead cost in terns of the coded
woibo7aBgobecause spatial prediction across sl i Beg/US2006/037948

restricted and slice headers contribute to the

over head too. Because slice boundaries are

resynchroni zation points, rédstricting conti guous

physi cal | ayer packets to slices controls errors since
unide e chilihiie stic&QbrsUBE @fa pSiiikiBhs bfSa €sdad ipiste! The decoding of an

sltce 1n the PLP whereas if the PLP contained nultiple
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error recovery can be perforned throug
wifel&y Refwoekd. zat i on and error conceal nent. [0236]
Because P-frane
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(0P ki P ghen phese ppe bl e s Bk e PR Bbadblock
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time diversity anong P-franes, which can be g{:‘cg@ﬁe P 1
[023por aThecvidee RitaEasm pemprsss o dhahBiuskaied e £6P s 24 fy Frame

ta fro i 50 u | e SMEISo f data,

o5 P, Y bR g SFSOAL ety Sl s o di. o

iliReesabe| Stickar ge2¢,f shee Q025 dngl) slickieNc20381 | Gaghngtart of slice is
i nteger nunber of B-frames to frame, bouyndarjes j

idepitiet & St gocki WPTRFIVET (¢ BEFOTS ARSPH P ol Sogefl, I-frame or

R e
byoBefirahésniCoding fre AV o dagiiple ghices incurs a significant overhead cost in
terms of the coded bitrate because spatial prediction across slices is restricted and slice
headers contribute to the overhead too. Because slice boundaries are resynchronization
points, restricting contiguous physical layer packets to slices controls errors since when
a PLP is corrupted, error is confined to the slice in the PLP whereas if the PLP
contained multiple slices or parts of multiple slices, the error would impact all slices or

portions of slices in the PLP.



nodul e 715. As shown, the process 1200 begins at an
i nput block 1202. In one illustrative exanple, the
wea0i7eas70i nf or mat i on i nput to the node deci si ORCTSAI06/037948
715 include slice type, Intra 4x4cost, Intra
16xl 6cost, IntraUVv 8x8cost, IntraY 16x16 Mde, |IntralVv
Mode, notion vector data (MZD), quantization
paraneters (QP), SpPredMB4x4Y, SpPredMB16x! 6Y,
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ream packi ng whi ch out puts a encoded
wikiame a deginenbd hass wé afficiemger f or transmni ssion by the

transcoder 200 via a synchronizing |ayer 240
(illustrated in FIG 2). As shown in FIG 2, it is

Q'E’GQMW@ and enhancenent |ayers fromthe second
&%gggéigﬁéﬁdéT_ZBZ and the re-encoder 234 are assenbl ed

[0B371t he Bighclr Bhusiziteg sty examples iohthe epqyaiées! Hegmpgssdecision
mggru e Iﬂgl ugls " 0\9/%,3 %eagr%cess 1200 begins at an input block 1202. In one
illustrative example, the various information input to the mode decision module 715
include slice type, Intra 4x4cost, Intra 16x16cost, IntraUV 8x8cost, IntraY 16x16 Mode,
IntraUV Mode, motion vector data (MVD), quantization parameters (QP),
SpPredMB4x4Y, SpPredMB16x16Y, SpPredMB8x8U, SpPredMB8x8V, Rate
Distortion Flag, Raw YMB pixels, Raw UMB Pixels, and Raw VMB Pixels. Process
1200 then proceeds to block 1204 encoding initialization, which can be initiated by an



enhanced | ayers, a data PES 244 (e.g., CC and ot her

text data, and an audio PES 246. It is noted that the
waudi7osgncoder 236 recei ves decoded audi 0 i nf OPOBIISBIV6/037948

218 and, in turn, encodes the information and outputs

t he encoded information 238 to the synch [ ayer 240.

Re- encoder [0239] Referring3again to FIG 7, the

encoder second pass portion 706 al so includes a
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schene, for exanple, aligning slice and access units

to frame bhoundaries, predictive hierarchy and adoptive
En © i sel ection of the error resilience

O
[02%%{1‘9”9 ’eAdiRg a?ﬁﬁ%a FIG. 7NfhRrs@@didoshst Be@ioMem6l of thbencoder 228
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Zig &ail (Z&nBptippy caeaiss 7284 dehs tepdlissrl Beisgrandonass caFedsy 232 are
rQRe, YLk it e bk H € idduRITER , which outputs a
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view ng user. The error. resiliepcy description.bel
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and enhancement layers from the second pass encoder 232 and the re-encoder 234 -are

assembled by the synchronizing layer 240 into a packetized PES 242 including base and

enhanced layers, a data PES 244 (e.g., CC and other text data, and an audio PES 246. It
1

is noted that the audio encoder 236 receives decoded audio information 218 and, in turn,

encodes the information and outputs the encoded information 238 to the synch layer

240.

Re-encoder

[0239] Referring again to FIG. 7, the encoder second pass portion 706 also

includes a re-encoder 234, which corresponds to re-encoder 234 in FIG. 2. The re-



of existing or future application, transport and

physi cal |ayer or other technol ogies. Effective error
woaburgsmss al gorithns i ntegrates an under st anBCTES2i06/037948

error susceptibility properties and error protection

capabilities anong the OSI layers in conjunction with

desirabl e properties of th&dcomruni cati on system such

as low | atency and high throughput. Error resiliency
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predicted frompast frames (P-franmes) and future
efficieany)s (B-frames). The best predictor can be

identified through a search process in the reference

frame (one or nore) and a distortion neasure such as

ErrofRetifeteodide i dentify the best match. The pr edictive
coded region of the current fra
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segment at 1 on. Tenporal prediction
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I'n co e frane In this exanple,
user. The error resiliency description below can apply to any individual or combination

of existing or future application, transport and physical layer or other technologies.
Effective error robustness algorithms integrates an understanding of error susceptibility
properties and error protection capabilities among the OSI layers in conjunction with
desirable properties of the communication system such as low latency and high
throughput. Error resiliency processing can be based on the content information of the
multimedia data, for example, on the content classification of the multimedia data. One

of the primary advantages is recoverability from fading and multi-path channel errors.



the region of these blocks is a stationary part of the

background. Through consecutive tenporal prediction,
woOher7gesmiti vity of the intra-coded bl ock 2205PC®/US2006/037948

errors goes up since it is a "good" predictor which

also inplies that its "inportance" is higher.

Additionally, the intra-code&d bl ock 2205, by virtue of

this chain of tenporal prediction called the

ThPbSGH FesilRAce BsfirBachBE HEIcHibed belagepertain kperifidadlyl tayprodesses that
the duration of the scene in the exanple in the

canftiegueapolaEaln thergnsader228 fe-Bi & BRIERYIaT 1 FEar relienge madule 740
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bottom Note that the inter coded block 2215 in Pl is

on the second | evel of the hierarchy and so on. Leaves
Err%rl%ﬁﬁile[zgé(s that ternminate a prediction chain. [0245]

n hierarchy can be created for video
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bl ock fromerrors such asaéhr%@gh COEC(?aI nent _ . h hf
(16xd6r 32K TS BtcA PB4 iBFRYPash piicle 1qehtiiad @8 4ne QRiept, through, for
GX%L}&@ %n{eﬁt%hb' ence of the coded bitstreamto errors.
N~ estfmate of the inportance measure can be based on
[0220ber Teingoratgsedictinaypicilly eedisayeampnefiepesfe.gl §oto 10°s of

ferred to.as th i st ric. Th ISt ,
o i 4 e WP BT OB g i ERE S beine

deBhELEY HR-REAE ehhidy 8 HoP naR:ARAGRIUINgeffidiagey, a GOP is a scene,
persistence netric aP]so i ncreases bit allocation for

fort BearhplocGORvbomdatighere plignst willk scensghpindgaey apd geene change
Refresh [[0246] Adaptiwve | nLr [ . ar : .
A b AL MR, el B SAREY Syt oy s
bakitdrOiHEEAD hobbn i gervdilyi rediceeddatthe foneg@nund wbjeat. Examples of
refresh process, sonme MBs are intra- coded evtfcz)n t hough
costeahabserhRlow BpticRiseaienss WEde e eV pHbEr Pofrepsts programs
whe! (? Yhéte bl?xalll -dtoslsd ed AoRtcBRd Q¥ Shi¥PhitgR: Wah db#veshotion
Infra refresh to introduce intra-coded MBs in P or
sefudhcasyasst ks eegionsrase ntotedddBed the prediaiediirames feéer fhagieto the

| ayer, can be encoded,. w either QPb or QPe. If QPe,
I‘fir@%%%ug’df‘teflﬁgaﬁtﬁ%eq %’@F&E‘?mf%en no refinenment shoul d

[oﬁfs]doneR&*erﬁdgetoeFt@nQ@,ﬁﬁet intra¥8hed biocPR05 f umetfboe is the
the base layer, then refinenent nmay be ag&r)o riate,
predibier fdrsibe anter-basled heokcaiterin codgdframe{ar lpf In this example,

thg lfleagliélg Sf these blocks is a stationary part of the background. Through consecutive

temporal prediction, the sensitivity of the intra-coded block 2205 to errors goes up since
it is a “good” predictor which also implies that its “importance” is higher. Additionally,
the intra-coded block 2205, by virtue of this chain of temporal prediction called the
prediction chain, persists longer in the display (for the duration of the scene in the

example in the figure).



will be noticeable. Since inter-coding is nore
efficient than intra-coding in the sense of coding
wehbtirosgncy, these refinenents at the enhanceneat/usanen37948
will be inter-coded. This way, the base |ayer
coefficients will not be used for the enhancenent
| ayer, and the quality is iGéproved at the enhancenent
| ayer wi thout introducing new operations. [0247] In
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impootahenievell cagedasimeat ipersistangs aticthe paregt af the SRR rPded block
tign i ght ed, basi l. j ;
2203 Gd % N 02 Bl 84, BB fter bhaci ModOREAh P is on
the Nic@bnc P@el alf @BOhibeRper ahd congl. ekédvyy aseldpodksethanterminate a
refresh can introduce relatively nore intra-coded MB's
predigtion Fhagn. B-franes. Alternatively, if the content
ssi § | QM t | fali héHded itr&@PEetive of
[Ozgjf-/ﬁam ic%s%1 gctéfr?g }\}\n C}{yg%vﬁs |||c3)ééllteé|I %altéd;#dlf g@@?%ﬁ%or al ?

corEtRy s isuyl) afdagpici ane spotts as meflrasdmot dust inawebaiscis appligable to
intra coded

MB's in.the P and .B-frames. ,Suc. I
prediRioRGERGUSIIGY (P ABDI SETERPED™ e PP RaTgg. (8 all the
inveRRdsafts@fled iHShis I BphidBoR P NORXE thefprvdic@bie higrdithyt isree@bhshed,

communi cat 1 ons but Povvar s data conpression and
errou kesilivadé algnrims sely o5 radgstiver ity eligsh, feschbehhploy, can be
rendering). .Channel .Sw E ] i
ool LA S0 By AR Al o o
i V@R Hddkiirdiel edrobAnIA NS agoess cdricantmennsparhtéshsandapplying adaptive
~ appropriate location in a brg%ac.ast stream for f atst te of the
intephrgfiael toaeranes residignesnef e ge ISt A SO, aﬁa gstimate o

1m§g11t'c¥f§§ ﬂ}e‘igﬁrgggﬁ Pé BaRdRLAAABRSbE (TMES & BloRK is &dea@nBelpredictor also
WTC rames al'so 1 ncrease error robustness, as they
- refpired il @s el padatince ateirid. [iBite pasistoaceumstiid s albe uped ipaigprove
frame_is transmtted with an error. An [ . Or .
copPBgHRESIVEN SesHie Piieoneneh peios G BoisRpgEmeutc also
indr B 6 afl 6@RBN &t tht BBk with Mizheainiportagses as a random
access point. However, frequent |-frames (or short
@OPs, shorter than scene durations) results in a
i gnificant. reduction in conpression efficiency.
A aﬂbstifgéﬁcoded bl ocks may be used for error
[Oﬁzﬁ?i | i eN@mytive FMEDFBNREIE 8BS anst resitiencertediniquenthet arbedemsed on
ef fectively conbined through Eredtctlogjggerarch¥ to
contept tfernzasian 19§ the mukiinasdia daip [ an UFAREEHY PG stHRE MBS are
it &IaLQ PG bt AREQIN AEGRSHat they should be
R %Ogﬁ?ﬁgena%h%%gﬁ%%b@g%st efsné1 can be achi eved in y
in@e6esd MBand Ragmpleybastdn-orightett b réfifsbrtadnireshice iptrp-coded

as a _content classification. | ow not.i.0 e S
VS T Be PGt Sha bR SRl SONATR LT BACTEES can be
en%dédhfitfl RfRE P GNQPE AR distRed BHQRS bhdClayé, then no refinement
superfrane or scene I's contained in the |-franme that

shoakdube eldnatat the eshaacementt layes. sEeQBv, icnsethdpr ther basg layer, then

re%iggrgertlt(%ngyebebggpsrggﬁa%adotherwise at the enhancement layer, the drop of quality

will be noticeable. Since inter-coding is more efficient than intra-coding in the sense of
coding efficiency, these refinements at the enhancement layer will be inter-coded. This
way, the base layer coefficients will not be used for the enhancement layer, and the
quality is improved at the enhancement layer without introducing new operations.

[0247] In some aspects, adaptive intra refresh can be based on content information

of the multimedia data (e.g., a content classification) instead of, or in addition to, a



when a fade strikes and FEC and channel coding fail,
there is heavy residual error that conceal nent fails.
woho@/sgoparti cul arly severe for | ow notion (aRdThSmme037948
low bit rate) sequences since the anmobunt of coded data
is not significant enough to provide good tine
diversity within the video @i tstream and because these
are highly conpressible sequences that renders every
mofbh weRidd babie! FoLEQMSSIE UEte@Bntehl @hssiTation isseRuiesyessh (e.g.,
are nore robust to errors due to the nature of content
scenestowingtagh spatial anst tewnoiahcenpleyity) 2dapt vedpia idiesh gan introduce
nunper of .coded, i,nt4Ha [ I ead : t
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M]ngtrlllltl AL 5 GHY B Sines ”?Lﬁb‘ﬁer'lr@t?cé: BanRRihoaVEdGhpré@RR error resiliency

alni ng nost of the ranme I's a good source of
card by eapplied nbojust dw thetdontexs ef ueindess. mWiredan commymications but

strikes a superfrane, codi ng in the.caonsecutjye . .
(oo, CmRBT S R OTrisuth, 8 o (ly in eraphics
renldBfigfymat i on due to prediction and error resilience is

achieved. [0250] In the case of high notion sequences

such as sequences having a relatively high content
C cla igi Aq@ (e.g., 6-8), the CSF can consists of
—hépgisgugﬁgilﬁersist in the SF - those that are good
[028gdi CtAOEBanndl dwitthheame 608N defined ker€iBHs dcbrnad tehawdescribing
to be coded since these are blocﬁﬁ t hat hgve shor t for fast
a rpndoa aedesiTama insTtoth Alcan AnPRPRILe ogafion ifA brgpdcast stream for fas

ch%nglrefn.ag@iﬁﬁo | th'ﬁts r@sOLRGKS: HRRE Cvethedn Strbdrhs $@TaV Bfoadcast

recover fromlost 1nformation due to prediction _
multiglex anChanme! sevitchirfsameSSso fineredsonemert Fausoespuancigey provide

et 4l o e 574 T 6F SR Ry Epeed W R UnE An

%éaé]}tai 8LicQve WREBHE s&PFs thOproli@liveBédoder SEQLENERS itHR64 is
frarruc: s%a Ieer ethan t he correg 0%ndi ng |-frames. [0251

! ]
tyficallyr seressiak iagnudorb asesds poinp riéaever.dredyprly aframgs (0 short GOPs,

rk. wel | with.scalabjlity. ieve ' Vo ffi o
B oot b BB BRI BOSR STl ftsciency
Bh@leanghice@dd woeks @by 08 used fityeaios atsiliancey randainrotesgiaed error

y require data partitioning of the videgﬁgitstream

na " .
resifierive s b fefiectbvshtapmbied Hirpieh Prericlen RiFFaBY 1 fpRy¥e coding
|-de. ' il scalability (for
ef@%ﬁ%ﬁ@l%wﬁ{:ﬁaﬁ%Pq%ggtgtéssggg{rrﬁlgéd). In some aspects, a
[0249]ay erIngtavemlsnt | dfyrantdom dccgssbawdeling ndaerirer rabugisess. can be

Partitioning video bitsitreamto 2- |ayers of equal
acgjeyed ﬁ%}ﬁql?ﬁn’b@‘da@%fqﬁi E?Sgatonf &P %Wtﬁﬁ?‘i’a&wns u% earl]sc ggeontent
clgﬁ@{ﬁch@éﬁ’l NPh R 2BABEREQRNcdsNBrelRsion [cAXAE afOTingiant Rosignificant

a eader and metadata information is larger than the
peetibmotibrinforhaticerreqHoeie aeconsigt @ sESEEramer OF WRnpristGogifined in
thg ?&rua?nrzectggt oacrcgrréda hRE ’statrtho%){he scene. Channel errors tend to be bursty and
when a fade strikes and FEC and channel coding fail, there is heavy residual error that
concealment fails. This is particularly severe for low motion (and hence low bit rate)
sequences since the amount of coded data is not significant enough to provide good
time diversity within the video bitstream and because these are highly compressible
sequences that renders every bit useful for reconstruction. High motion sequences are

more robust to errors due to the nature of content — more new information in every



fit nicely in the remaining bandw dth in the
enhancenent |ayer. [0252] Hi gh nption sequences have
weubd7ioss@nt residual information that data par PCTIUSHI0RG37948
to 1:1 can be achieved with the | east overhead.
Additionally, a channel switch frame for such
sequences are much smal | er é8or hi gh noti on sequences.
Hence, error resilience based on prediction hierarchy
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~nmultiplexer may be inplenented to provide the bit rate
is aghie¥e%t i on control. The estimated conplexity can be
[02322\” dﬁ? HeQald6r I'Ifgﬁ bhdH R Rhuentbd &lth GaRedutatestlavinged elatively
aval abI e bandw dth for a collection of
hlgmdohtept enssifiontide e.gh arieths (’a.timrumglstsOofth%@C@ﬁE%}cneﬁsgst in the
co ty anti ted f ' '
SFe e e EpoeE PRIy Al S QS R IR 58 ERITAS potthihto be
code@NBhde thdeddré WRIcKs qmﬂ:ﬁaw bh@upfedichon hhalbsl mmmnmplfes that they
the collection of multiplexed video_streans

arer gqrainajes) Wit igtaalockshi ?eﬁ?e@v?%%ssuél éﬁ%(ﬁ?lé? W?WF rrgm lost
, 1nf?nor1|12|1t?)%td 2o grecﬁ{[ﬁﬁn\%hech b0 hEY Scc%ré’ arcs Rr chb\I/ métiod Bfknces

Vel onstant visual quality, rather than a
arer@i Fim with y%eg@muahframs andttbesamh ]ff sénaiedablaéowmsbmlrate through
54 c a

hef VAT "G e I&%ﬁmjfg‘f f"éhélb%ﬂor?gseﬂ‘b"r“f:?sp?f& T SRREGT o the

I nnel s 1802. The nultinedia streans 1802
CO&E%’%encggfr(fS%s respective encoders 1804, which are in
[OZﬁir}nunlExmrl o3silisnen Lasedi| e ppresietion Mwearcilsoean WHPRKD el with

scatiofty o S TR, & ot st A sk G PERE Mg BRAL™ suppor

hléiﬁ?rrcﬁf?:ﬁpﬁﬁﬁlulh@oﬂ/ A PR aC Rt eRthiegidenay rajuile das pmulsomng of
channel s, sports channel s, novi e channel s, an

(nd Vide0 DiResem Bl cDSCI RO OI SHETUE Ol T PR MLt e ideal
1 80 o&tootlrtngl gﬂgﬁ)% (}81[;] E)@J}fgﬁé Wit g# el kR4 o@&ﬁez&ﬁ e1e X@Ih@ ﬁ%pects a

eSCFI t'ext encodi ng of vid
2—&9&16@&51b11it§ﬂ evithr i: hbepdveisthartiods vsat aRpettiofing hisleo bltstream to 2—

la%{yg &L g%gggtzg fr:rl;ag(l u%%r?g {egfd([q ef{qz iﬂ"y gyglﬁ_ﬁ:sggu@gge&? or Jow motion
<o e (OF A8 SR8m0 ‘S@Eﬂ@‘éﬁﬁﬁ R e vt . e than
the enlmheeinemllmye:re}dlm\ae\@tr,rsem%oséwolglotlon sequences are larger, they
fit nicely in the remalmng bandwidth in the enhancement layer.

[0252] High motion sequences have sufficient residual information that data
partitioning to 1:1 can be achieved with the least overhead. Additionally, a channel
switch frame for such sequences are much smaller for high motion sequences. Hence,

error resilience based on prediction hierarchy can work well with scalability for high

motion sequences as well. Extending the concepts discussed above for moderate



the conbined streamto the transm ssion medi um 1808

for transm ssion. [0255] The transm ssion nedi um 1808
woam7ossespond to a variety of nediuns, such RET/USMI06/037948

not limted to, digital satellite comrunication, such

as DirecTV(r), digital cable, wired and wreless

I nt ernet communi cati ons, opé%cal networks, cell phone

networks, and the |ike. The transm ssion medi um 1808
mdidf clipé is%ﬂﬁsibfe%as&%@ﬂﬂie&ieséfgﬁhh@bf fHesé Algbahin®, and the proposed

frequency (RF). Typically, due to spectral constraints
corpegtstapplyl fok widemeodingisganseil.on medi um has a |inited

bandw dth and the data fromthe multiplexer 1806 to
L@@Eﬁ@%@ﬁ”S"iSSion mediumis maintained at a relatively

t bit rate (CBR). [0256] In conventiona

[0Z883t €MEn sbAR dns6dcdasserts hantltipidker adrebd G foRkenddiéng multiple
out put of the multiplexer 1806 may require that the .
mudiimodiadstieams i predicad dy thedensoderr s¢chiq PEpare fsged dits for
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syfichnlayes Q40 compeisasaa inaditiplexdrs u@he quatipleyer mhy die ingplemented to

typically undesirable, [0257] In the illustrated .
Preyjdg @ﬁ]_blt_tr\ﬁ? %OCWOBFO{" h@%%gga%erdscoirgg%lté/ fiPEQided to the
mlg?p@%ﬂ, Gt ﬁéﬁn eReRA1d8ate OffR| SodilailcObarldiRéth Rt . coflB&ion of

more of the encoders 1804 may receive adapted bit
multiplexabrideo chdmekn acberdingl toitht excadinesgsnplexityeansicipsted for those

.This permts.an_encoder. 1804 th. X e .
o SeER, B rER SR B R B RSREL AFRY S romai
rel@fivély gb@stan® @REhWf eHd banawi@h lfdit the pellectibABE nultiplexed oddeo streams

frames of video in a quasi-variable bit rate manner.

is Tefatveheanstast. t Has providaseditanadl Matin 28eBeqtion|oé chasdg have a
' ' b it ¥ a1ilh t '
PP PSRRI SR TR0 RGN Boncta
bit @teadnid\eetayiable visuakquealideo comes from the bits that
woul d ot herw se have been used for encodi ng

t her.. .
[0354e0 oFihalt 158040 diagsB LBEARD B aSPRpP b ARG myltiple
mﬁ’lﬁﬁ{eﬁfaest%fa{rﬁ WhatelLi $02. AR mulinsdidBkRh@as 1802 BR encoded by

out put o e multipl exer 1806 at the constant bit
respeteve OBRYers] B8 IWhith ke &ncomdivnicdtion wheht 4 madiiplexer (MUX)

ream,1802 can be rel at.ively "bursty.".that | v
19D SO0 Bo by A, ettt ifst dopit Ol phdpn’ k. For
ex¥iPRO tifd hERiikdkateRRs 1863 cAlkdditeypontint® vatibus @hnéent tigimels, such

channel s that are encodi ng | ess conpl ex video_ that can
asprevrsediiapedateartbghanmels. ayexifpehannelpeanduibeilikeexBie ansogers 1804
en%8 Ch’l%nl’gﬁﬂ ?1% tdl'ba&regﬁﬁ l%ﬁgqg'tﬁ]& ﬁ@édﬁ{&y ‘flln)ét EH’%G@@ r t}he system.
VI deo, ARG S EAR enhance § he Vi gual qual ity of the

weishiasatbedi de thes togtaxs ohsnudtihg .of [ G289 |strEies,ethe opiénciples and
1804 provide the

BB QIoitp o 065 BTN A5 2eU gLy PGBl PnyBimedts streams
inERARYEeH: AREPM! dudR] &xafhs! Q88 ER&Ided TBABAR Yreams are provided to
a multiplexer 1806, which combines the various encoded multimedia streams and sends
the combined stream to the transmission medium 1808 for transmission.

[0255] The transmission medium 1808 can correspond to a variety of mediums,
such as, but not limited to, digital satellite communication, such as DirecTV®, digital
cable, wired and wireless Internet communications, optical networks, cell phone

networks, and the like. The transmission medium 1808 can include, for example,

modulation to radio frequency (RF). Typically, due to spectral constraints and the like,



of the multiplexer 1806 should provi de an output that

is no higher than the bit rate specified for the
wonrerTaes®si on medi um 1808. The indications of PO®US2006/037948

conpl exity can be based on the content classification

as di scussed above to provide a selected | evel of

quality. The nultiplexer 1006 anal yzes the indications

of conplexity, and provides the various encoders 1004
theMrhdynassicd heaaing thas driheited barkiwidthosndotheddsital flom dredmuttiplexer

encoders 1804 use this information to encode the vigﬁ%K
1806 torthe tapsmaigwon gediuphisqnaaiaiped at a redaively (amgiegt Pif iR dBR).

i ndiyyi . [ j ; '

10430 =l ol it Sy HBELARE BePbf Rl HERHCEBRAGENE WRtput of
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g e B S 06 2 it ERE b RELE B i he wso of
cﬁ@tvb}feﬂselﬁeémgpaaé@wﬁsﬁ deskkilpes eamblRyisha sy, i which is

qual 1ty based and/ or content based nmultinedi a
typealyanslesigpblf. any nul timedi a data. One exanple is its

in.c ressi.on o | ti 2 | r .
05 er 1 5 ERBRRLET g thbio B o] heREPRICR 140 cotonicate an
anflEip AP eSS c@hpldgitpdf IGui dataNYnelecoiopy efSthelencsders 1804 may
decoder or post processor such as int g[ pol ation, . i
reqeaeaafiaPicA It ieierranEehEam, the xigeter dAY Hafeap%@%-nifaﬁ Ryfpoits an
en&pc%E 380LR3t e){pggtg 1 efehE Eélétﬂ%}?nfﬁlﬁgélex Gldeb td Rceide bYRIHEAbit rate
vi deo conmuni-cation system ircludes a video
orhigtpr basivwddthssire bite persfirahd)rfgr tdlosa fainde of wideoden quasd-variable
.video decoder, .connected by.a c ni cat | net wor k .
b e g SRS o BSOS it o
coRSLRY KSuaiedify ! TRe CRMAHANAGAAth ARt GO %Aty LpdiifilitSencoder 1804
l'og-normal fading or shadowi ng and nmultipath fading in
ennoding eclativehacdroplek Nidgd gomes frofothg At thasgeould pthepviay havs been
C at _channel. err.ors _and p j i;ahl .
oSBT eap o punef p s Pl B4 AR, EGEY Frg gpiomented to
opRRAY b Aktan Bl uates Taiswasidta@lsr e ouguk of theomultipldxadi 8 at the
interl eavers and channel coding such as convol uti onal
copptagtfibigtec@diflg. [ 0262] Vi deo conpression reduces
U n d I b . i i (15 29
03880 TSRS KR AR AR RRND gy o
isyvaedn daddabanbividthi therasdaivehsmm opaoitiple vigealsitegmahanbe less

even smal | portipn o he coded,.video is |ost.
buse i e hepte diegp cliftglsobictE GRerilie SER ORI tidgp that can be
1eGIP8RIBS 5, OforSYShSIIS ASOMAUMISER: [1%06! @5 ThamitlC Mitefe encoding
errors to propagate resulting in visible artifacts in

retatisely woompdixr vdetednd ide oan ehenge the yisupleqiadityadigbe rembiged video
at _the ipeo encoder and error recovery algorithns at

SUCRE'S ¢ 3%18 ®decoder enhance the error robustness of the

[02591E0 CURDERSILRN 804 Trévite (HR2G3]tiplexpt ¢804 withtaheinticattn of the

conpression systemis agnostic_ to the underlyin%
complexity of a set of video frames to be encoded and multiplexed together. The output

of the multiplexer 1806 should provide an output that is no higher than the bit rate
specified for the transmission medium 1808. The indications of the complexity can be
based on the content classification as discussed above to provide a selected level of
quality. The multiplexer 1006 analyzes the indications of complexity, and provides the
various encoders 1004 with an allocated number of bits or bandwidth, and the encoders

1804 use this information to encode the video frames in the set. This permits a set of



networ k. However, in error prone networks, integrating

or aligning error protection algorithns in the
wappl7iosgmion | ayer with FEC and channel codi ngpCm/ushme/037948

l'i nk/ physical layers is highly desirable and provides

the nost efficiency in enhancing error performance of

the system [0264] FIG 14 i/llustrates one exanpl e of

a rate-distortion data flow that can occur in the
vidcfededs t338dividuany bdevafiniblewst. rafd; and yst dohdyelegstas: it rate as a

start 1402, and proceeds to decision block 1404, where
g'P4P-r ecei ves scene change detector input 1410 from

pre S ; 4 i t t err ;

0P REAEERS SlasoThiphch hon AP, T BRA' T BROUEE Gty based
compekissiah eof amskinssliedinf rganeral Soanary fgeaems ¢dmeprpssos es $-ontent

i ntra-encodes the frame. If the jnfgrmation indicates .
Clpfif b ene dhe maihod &N appegpioS deEPe T PrsBebed S guaticy
bakédf drRfRdbASnERHedRiul BheBS fo@@ish@'bﬂah?hﬁﬂﬁm_@&lﬁ idagh. Ofe example

encode the frane. [0265] After an affirmative

is g msk ni compressiomsoffroultintediacioragherebies apy genestckcopapgssor. Another

rocess. 1400 proceeds Lo a. prep | .
e RGN oI ApBRASEE 3. 0B L ALAMAREREH of bcer or post
pré&@sior&dch a¢ gférpelaabnlgsdhasing, enhaicdnait) we®ratibni Md presentation

setting is received froma data block 1416 conpri sing
OPRIAOBYr ves. Process 1400 then proceeds fromto bl ock

B . i '
[O%éellﬁfso\rl\‘rrlgé i tﬁ\r%v%nlff(? 1984 {ygﬂal Qb h&ﬂnﬁlﬁ%}a}mﬂ §3{s_tem includes a

on 1 mage/ virdeo activity i1 nforndtion
viden. gpmpresszorsysten clnasting ptaviden pnéadenpd & gieedecoder connected

classification praocess at bl ockl 420, 266]. The rate
by AT et Bions [ B G i 615 214, 3 Of S g e networks
whéE HEDEdn@AuBiShti FHPEHaARell Rhiite Glg-Adrtal fﬂ_cﬁﬁ‘% BPEhABwing and multi-
estimati on 1422 can al so receive i nput of netadata

path Gadinghin probpe seenssios in4dditiondeingkh laset br oglap it Rempat channel

MPEG-2 + H story). from bl . 1424 and,. i
crfl arenBeira hests SRS E o SRR PRy oy the RF
mbé@iob iRtided 4@arPea6e sGTebA0h ifidieding inetedsrstandathante]l coding
1428 where rate cal culations for intra-coded nodes are
suge peqivabiopglrortw@ocati@gcont rol bit all ocation (Qoi).

[025%0 €s SVfld%Q %oﬂ'gfféssﬁﬁ%&%g ré&hnﬁh@:@?nlﬁﬁé Qo%@ _rlx_ﬁ%er&on%aﬁeincreases

nd quantizati on paraneters are erm ne
thd emiogntasf informhidakcatA8Din eacivbid ®f teeswded mideh eataThisancreases the

_estimation of block 1422 input, error resilience 1406.
IRAETER QUARY SR AR ] §,mé_l @PRm tlﬁescoalgtg é’r“%‘ﬁon]églogt épatlal and

telpBR pBeionOMhRrdnbh €n MRER ESmA8&HiSE dystdth® Wephosedse 1d@s and
bllock 1432. It is noted that the flow fromblock 1430

caueesle4®?s wawapagakhssultag & visibaargagtsiindie ragendtiveted videes Brror
ta the.second s _pprtions of .the enc 7] .
it 285500 SR oo :ohE e i B FRAVEY lebERiLy g viceo
ddcBgerenBaitd tia&Forabblidhe:se6LBE &1ded 28mpidision system.
transfornf quanti zati on process is adjusted aor fine .
[0263d aEypically, the video compression system is agnostic to the underlying
network. However, in error prone networks, integrating or aligning error protection
algorithms in the application layer with FEC and channel coding in the link/physical
layers is highly desirable and provides the most efficiency in enhancing error
performance of the system.
[0264] FIG. 14 illustrates one example of a rate-distortion data flow that can occur

in the encoder 228 to encode frames. Process 1400 begins at start 1402, and proceeds to

decision block 1404, where it receives scene change detector input 1410 from the



indicated with block 1444. This transforniquantization

process may be influenced by a rate control fine
wouam7vgsmodul e (FIG 7). Process 1400 then proeeeas2106/037948

bl ock 1434 for zigzag sorting and entropy coding to

yield the encoded base | ayer. Zigzag sorting prepares

the quantized data in an ef72cient format for

encodi ng. Entropy coding is a conpression techni que

prdphctesdss 836 ¢e. n% eliaafetadati) dndepde sesiliente ripas &406 ia as@tiredf If the
Ap033|ble synbol s. The enhanced | ayer result of
in Dﬂaﬁmdndtp%fe%mql%éﬂ Bamp i freme th%Pfé’F%Sé idgencogesythe frame.

If @%g&f’;og%ﬁ?({% 1{1%5‘[%% u&:@é'c?e(atﬁarﬁgﬁ J)?%g ?Xrﬁé A0 ProeeRdses intra-

ropy coder 14 or the enhanced
colliay and masiop estithatits] (ntehd sodinp éwlenicode dfedramse to Fl GS.
31- 36. O‘furtgter not e, the enhance

er i.s fed l%?cﬁ 1404
036530 | (ARSI BTITIBYS SOBMRRIEYr I (O GafiNgh AE Dlock 1404,
pr& £4to O[ﬁb?e%ﬁé fd & g? %ﬁfhn%ﬂ%@o&fmtm Wehek @it raleR &set to value R =

operat| ning Iong and short term
Rduiak ttloer desscemargq:ttquaatselsasﬁ@ on RsBjcusyes: HBhip s¢tEng dmreeejved from a

0 F 17A . s I ow_di r am i
dakir %lgglégfd@ C?}E}Plflflpf% 8%&"38 ¢ ce§,| doeéltﬁﬁ g)%{)%g%se g’om to block
141 8 Ghet® Ratd CohfroP BHE ANoSRicAC P@FiS | 18 | mrfolhed éﬂsedlalﬁ) Gmage/wdeo
starts and at block 1702 it classifies content

acivily infesgiakion 4¢-8.. ajcopisat Flassiidsatign) f;@ma%bc&t’qnt classi 1@%ﬂon process

at%k%ﬁﬁbblcatlon can be performed by classification
for exanple, the content classification nodule
[02664 | n eGrate .coRiralc big sallbé@fbnc bluck nidd § mnusted bl tok, fQR0Motion

where it mul tinedi.a data i i.rst data
estal: dhdlaio diind T PCPBUBBALaY A2 e URrRive input of
m&h@a?§ Iefolnf BHe! RBprotiissr $ALGhéttbnl Fech InRidTRHg IVIEEG- Qa; History)
e first da a group conprises a coeffici ent and t he

fromdboutt 1434 and mudipple onfordnse &rames (aysaldi Roresasinel; rgcroblock MBs)

fr%g)chﬁgﬁg{;,[ ?fc’osfﬁgé: ﬁ@gﬂh:\#&%&ée{ag tc]; B@%%;Qgén gﬂa %.'t% calculatlons for
mf}@»%&édt}ﬁgdeﬁ QESHSterntifEd Rf AEDIat: conkie] B aqudﬁnolz a@pl) nPEJIc&s 1400
[0269] FIG 17B is a block diagramof a nultine

neéﬁ pengeesty te phecknl 4BP1oherh amod@a-?}ﬁldp%aaﬁ%%%ﬁlp{l PaTHEseT 85 etérmined.
Thd | id b3 i éé’é&s?o% 6%15&19143’0 adQ 4 pE Mo ARO fictiSn eltiBation of block 1422

I'a encodi ng sys a transcoder
mpultc; lRrras rdsilRnse ades 12, aﬂch samld’mdrty RiPeovlsch detergipad it block

tem 1710 can CO I e a (0] on.o cod
e ORsP tharBafRISeIRell %fgowg&éﬁ#%?? W*&%ﬁéd 3 fgieridbat ghe tlow
£ A5i6di ¥430%0! 1282 CRBES Rihedf daiils O;ba@&@l Rordah&firA s ® thekecond

assifying content of nmultimedia data 1712. The neans
gﬁspoﬂkmsdﬁhyemQanntent can be, for exanple, a

I f [ ’
[ﬂéﬁz];? Iocég 3{9:"1935%) q%}ng’?ﬁ%eaﬁlggqélgﬁ é&%? eé‘éoggl d by élé%?econd pass
of R SR6REI NG, SYBE QahskdAR) gﬂérﬁﬁaﬂlcﬁﬁ bﬂﬁe& 1I§Bﬁ1§L&teded5r fine tuned as

_encodinglthe mul ti nmedi a data, nodul e for encoding_the
indiglateid rve ldodaﬂ%ﬂéll 7hhis trmsf@maawtl@éh%w:@a My heghfluenced by a

cELEONG BF W B EERR R PR D AT DR MG pCE 54 for
ziehe Sortihg &n&l’b@lﬁdpy’l@odﬁlgp@r jielkdmd émodtect bat layer. Zigzag sorting
prepares the quantized data in an efficient format for encoding. Entropy coding is a
compression technique that uses a series of bit codes to represent a set of possible
symbols. The enhanced layer result of transform/quantization block 1432 is also sent to
an adder 1436, which subtracts the base layer and sends the result to a ZZ/entropy coder
1438 for the enhanced layer, as previously described in reference to FIGS. 31-36. Of



the first data group conprises a coefficient and the
second data group conprises a first differenti al
woebi7vasmnt associ ated with the first data groBOT/US2006/037948
coefficient. O her transcoder conponents, such as
descri bed herein, also may be included in the encoding
system 1710. [0270] FIGS. 233 24, 27 and 28 are
process flow di agranms exenplifying nmethods of encoding
furthidrtrios dhetenfhahcedt] bydr iefddddyk (dee lias 1640 suelese npduee) for updating
herein. FIG 23 is a grocess flow di agra iIIustratiP%
the, cpptgricdassiisationd +2h ob HHR GatAng | aeRRCEgA g delSERnglg long and
i j process 2300
b e Bl O PP o bl ook 2310
[0268]c es SFIFB A0Ade adbbes diagemrillusiratbg) ockasiag nitltilpedig klata that has

e R 00 S B S BRI R e bl

170320 c1REAEE ontEmOF @BCAGEMdINEdaH. th el Mustedtieb@pEA, content
on the content information. [0271] FIG 24 is a

clgssificetden fchio\bed pederardi by udlassHiceiign angsnac & sexaqae.othe content
encodi. n [t ' a S . t .

oA aBb gTE Sy ncoh  BRRefCK oD Bl s P8 ploc 1704 where i

enBb@3khe ARmETio datsSn 3406 dvd atodp @dnatsecdnd ditoproapibased on the

associated with the nmultinedia data \Ml-iZCh can be
cogisig Clasgificeiomnp| s 15ceding (it disFiorBed GHe é@ato‘i%ettﬁrét data group
t i fi [ Ol | G g :
coglﬁﬂg'fcsgp 2a4%%€ffﬁ%1regﬂc %gg 1‘%‘@1 fRahd &1 ?alérﬁﬁ) \érr'grln?Hsé 6 firkt differential

00 encodes t i medi a data

refinerasnt tassagidteyh witht the fistndba gesipoasition. Thie cenrbegrerformed by
i nformati on. For. exanple, sli.ce, boundar ccess

erg i P8 B PREEHIE R ToE REATRIEy HE PRAHE SRALL T B

[0Bésed ORI 198N 8Block! @SFhihiot atnn@fmediateh€odityg §ystREILALO that can
data bei ng encoded. The encoded data is then avail able

pefrformshd segessritlugrandeiodilfy 14A0d/18 s0me #8RA¢1Ss diconultigneglia encoding
nobi devi.ce, an I S 0 7 .
SyiStémlai f)lro 0¢ 8%’ § %ftfa%%go [ %ig‘?‘ghmgsl %%gg?a%g? ?%ghla&%%]oag gécs ’ é%eoﬁlcomng

syb@fn EN@ocknn@ntiisa ausirtign an aackagiodee Thetmaltimetiaesboding system
schene based on_content information. Wen process 2700
Id0amcdden aneans t foredpuiiga theasomednchBriimedia dtanmeggle for
. . o o C
TR RERES RSN 8000 RO O ROt o e
fob ex papko b mdasifiy atidro mogrknipl & prapraspssoc €s g prdeéeessor 226) or an

content classjfi [ nodul.e 712 as cri bed above.
P et SPOOF GeBbad D TGPUCR DT WIG A Tl gggans for
erlcBEinBUhS InfBEnadid lath, Weddie f5} ACERhE MR iiitiRedi£tiA@SIV14, which
error resilience schene, where the adaptive intra

candferaonfigeted 6o encosie [themplinehedaia in a higg sldtaggioghand a second data
content. i nformation, The funchkionali f b

e 53R o i Bbend e Aol SR g Tt B st

the Firfeedhen @vap cakbfisdsar caibsaguanithpseors datagraipdcomprises a first
transm ssion, and process 2700 then ends. .

differential refinement associated with the first data group coefficient. Other transcoder

components, such as described herein, also may be included in the encoding system

1710.

[0270] FIGS. 23, 24, 27 and 28 are process flow diagrams exemplifying methods

of encoding multimedia data that embody the aspects described herein. FIG. 23 is a -

process flow diagram illustrating a process 2300 of encoding multimedia data based on

the content information. At block 2305 process 2300 receives encoded multimedia data,

and at block 2310 process 2300 decodes the multimedia data. At block 2315, process



[0273] FIG 28 is a process flow diagramillustrating

a process of encoding nultinedia data using redundant
woO 2007ace®1 based on mul ti medi a content i nformat PONUSYNEN037948

process 2800 starts the nultinedia data is avail able

for processing. At bl ock 2805, the process 2800

obtai ns content information78f the nultinedia data. As

descri bed above, this can be done by, for exanple, the
2300 QR tPEa RS @bnteRbinddieation hswciandodel t2dcoddd hubitkedia data. At

2810 Brocess 2800 encodes the nmultinmedia data so %s
block 12338y tpregsss 07309 £BCdlgS| the o uiliimedin odata based opethe content
1nﬁ)§’1§19 g data based on the content information. This

can be done by the encoder 228 as descri bed above in
[02THinect Figh 24i sk process flow diagram dhsiratughe pegcesn2400 dhepcoding

or, the enha

the I-f t
b 3 AR &b A oIS GA1E PPBH =BG PHPE PBy PSR RO AIon level. At

bISER LAY Ci)roc%§§ 840 bBGins 23Ant IISmeMRAdRShHAL@ with the multimedia
avai | abl'e for subsequent processing and/r transm ssion

datap 'afhm)b Fire baedonse. fof Gx7miple, tbys e I Repyecasented2@ it theheontent
s desc el b
cle/sg*f C ﬁon g)fo 8fen4’t])l,u h'?)gf 1anI )ré d V\étr féllg&%)r%oc ) é)ggcregp %%0 encodes the

mENiSAeB dih Qvrs by ahigie d@tﬁ b@nﬂdamﬁ Wasdd il thenconbedit aifbormdtivn. For
exanpl e, the general requir ement for the client to
e@m%ﬁhcea%owé%% ABciotssr 8D bpendopiss E2eed BHp frsae hpundaries

bebE Bh BYcdntent! 'cﬁa@élﬁé’atfb‘ﬂrkﬁemé nﬁﬂgrnb('ﬁfa(}f fﬁaﬁén‘@e &ded. The encoded
processor to contro e operation of the c lent and a
damermhgn frcailabledr supsetpieat prodessinggnéfvs trapdmissidn toa nrebile device,
eratlgn of the client. In one aspect, the client is

a@?ﬁﬁﬁ?ﬂ AWGMSne. In another aspect, the client is a

[ohazdhel giompidteprobay ifRg @1@§9Milﬁ§ﬁétﬁfg3a prRaRI 170bif6Sencoding
In yet another aspect, the client is a personal

datomsingesn lduptivg m@mmfrpﬁaww bagseben icontert infermation. When

pr%gegss ZQ@ gtgxgg{h%n {1 1m%H%r}ia%[Sha? b%quotthl%g% ;’gf 1RY 29(5‘50 process 2700

oRSRS ebfent iRforihalibo uf thel thulGilnedtal duga. | Obiadfing H@gdcmfdnt information
bl ocks, npdul es, and circuits described in connectlon

cagy ‘P%P@Wd@btfgr Bff 25 %s@@PIﬁ%"rSé‘i’fnz%S)r pntenflassidicaiden module
asoﬁé cﬂﬁg@ gb et hPI%C&;@ %b?lgé(%é%@soﬁ)ebﬁft §9§§ Ofher® it encodes the

|g|t S|gna processor an applicat’ion
mepeoddia datanteng aheallapiivec intta (ASkIC)erroa BsiBémbe scheme, where the

rogr anmabl e gate ar, FPGA) . qr her. pro bl e.
o TR EESH AT G ar Ul S B b P ) copggp Tormation. The
‘flﬁbt%&{aﬁbeoﬁ Bl eo cAHBOPANSred By tAO¥n@aBR IR TR encoded data is
t hereof” designed to performthe functions descri bed

mhde ayamabla fglewésmuem‘rp@g@ng ﬁ]@ﬂ;@g@@nsm ap@prpcess 2700 then ends.
[(#Zg]r ggr gﬁ@ 2% n\/ eg?ptr ces ffon)&Sa d‘ﬂ 5:‘1{1 nﬁ‘lﬁistrztﬁingl {a" epchesg %‘c‘gﬁcodlng

proce

milltEA&ES @afaOhsigy red@ﬁdaﬁﬁ &t i@aIH@CbasB@ onAmiItE&ES:S 06nt8MYinformation.
al so be inplenmented as _a cgnbinati on_of conputing
Wdwpirzeesss @890 stagts dhersiEREdA dofe i Pyaiaklpdog processing. At block

22%”65C rtﬁ@ FAGERS U002ttt Alchthr Ghio Eﬁ]n&ﬁ&f)r ?Ctﬁé %‘B@%meﬁ&e da.  As
m-Croprocessors I n conjunction w

d@bnb&ty aledvee this caih be advhne duy, g0 example, the preprocessor 226 and/or the

encoder 228.. At block 2810, process 2800 encodes the multimedia data so as to insert

one or more additional I-frames into the encoded data based on the content information.

This can be done by the encoder 228 as described above in connection with an error

resiliency scheme, inserting the I-frames into the base layer or the enhancement layer



[0275] The various illustrative |ogics, |ogical

bl ocks, nodul es, and circuits described in connection
wonodr/sm1 aspect s di scl osed herein may be i npl eqemSeme/037948

or performed with a general purpose processor, a

di gital signal processor (DSP), an application

specific integrated circuit 7ASIC), a field

programmabl e gate array (FPGA) or other progranmabl e
debegling detheaeror tisfiemey echgateeengyloyadanssites thdsckl 2830 cthe encoded data
. discrete hardware conponents, or any conbi nation
is pyrilagisriop SOsEANER! RTOCISEINE SPHHT LIFRSISHER i'“bﬁgl"gg% gFYid
[0RF4181 N- 1t AhSQ8 Ded]RIHRORE REREESEQErPRY h&i8indmay be implemented

m Croprocessor, but, in the alternative, the processor
onmayvapietyaofy coromusicaiiom Ahrdwans guecassors amtlrgyktems, known by one of

1 crocontrqller, _or state_ machi ne. A.process
ordngty e i ecitl R UPlE. S5 ESIAT oG FeBE i by Hipnt o operate
asARYEPRA hefoifl is that 6.8 FhéntaHab ArtlilayPtoRBkblay dorftent and information, a
m croprocessor, a plurality of mcroprocessors, one or

PrRgRseornioc e@iysiob dles 9peratio of dhg ghent; pimemerypop st@ying data and
Y, [ on. {0276 e.di scl.osed
o oAU BUthesal LARAhar, 1 URThpdieyd SEhORSF oo
phdbat.a Tanmoched aspecoriie thénteis a handheldoca@ivrerelivathe corh@munications
an‘oi_her f\%{ mat where the encoding is based on the '

cappipfiint off 1Yk YIOHS ERESH AN EHR eficdPAGORA Computer having

c hhib&¥ns L Qp&ilfi®s: TH&ddiBA ASdvRhre AuBIR 12k tNEPS receiver may be
described in connection wth the exanpl es discl osed

inpapeiatednay th eclienb tedineplenientethe | warions laspedisar €he ivarieus illustrative

toB i loEis b PRGET SPOBRS BT srewB, BSBRERR Rk eomkC By b B aspects
dibadEREd hefERY niag Hedfplemdnfvd d%&@ﬁoﬁnecﬂ hadh peenl ﬁurpBQVRrocessor, a

nmenory, EP menory, EEPROV merml_rfy,, registers, a hard _
digitaljsigng! peaspspab(IeSR); ak applicativiRepdcifyy ingagyated piseuif GxHCofa field

LA TS, ATV s By PR UOIBL LA e o

trgsidoddsgic, disdrete daciwaré oomponamrs, or any camblination thereof designed to
i pformati on to, the_storage medi um Ln t he

pegiory gt ffunctions, glesqribpd RereiBdi yin SFRGTALBUIPRBG GMesIos 1AL be 2

) e:.proce and g LU :
BEGFEEA RS UBE SHRRRR 0y BLUBO BB Ll b cion

proegssom aontroliery hecatomgrablat,i ore statehmaphioe.esdoproagsdorn gy also be
. storage,nedium may reside as djscrete conponents i

iFGRCTES i APPSR TP Ea s e fecf POBRTABgLE B PSP and
a MBICRIpYoR¥DTP h 31iraBid of AR EopeédekiRel bt bhenaet mitRyprBeWsors in

make numerous uses of, and departures from the
copingtion s4ibra DAk cer aerrng Sther shducondigpeationng from t he
' nti o t.$..4i.5¢L.0 her ei n. [0 oo
R T L4 CHUERE! PpShaRboRBR bl LR S, and i
daapleadenni comection avidkilld asbetts dibgosadt hergifdmii ebeg Bigiemented or
principles defined herein may be applied to other
Pegioarst ewith e é?l}efiﬂnp"arﬁo?enﬂ%ﬁ%soﬁe%s‘g&Faﬂgﬂ%@l ViTgeesgr ERF), an

2 BRREEGH spibiteiRS Sratlal GreBRTRYIEf Al A 88 pAMRAhSEIE Y% array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of



wi t hout departing fromthe spirit or scope of the

novel aspects described herein. Thus, the scope of the
wdizerioasoie is not intended to be limted to tReT/US2006/037948

exanpl es shown herein but is to be accorded the w dest

scope consistent with the principles and novel

features disclosed herein. TH word "exenplary" is

used exclusively herein to nean "serving as an

e apIoLessols nencapitmoreomidrpprosessers iin ot junetionewilnp | I2SP core, or any
ogﬁ§q{hbed.qF&gin as "exenplary" is not necessarily to

& &6 §P?%%& 5§Lpreferred or advant ageous over ot her

[0298]P! €The Aie0sdil nakthods Bd ﬁ?ﬁz&htu@%ﬁ&ﬁﬂ§ tAAScolinkedf video data
herein is to be defined solely by the scope of the

encodpd it Aee Ermahio ddpe Nesaencadadetorrngthsr fermap aibeeg the encoding is
t] [ i Sisng:.. gl assifvi.-ng . g f
ST Bl S SO o6l AEVE ORI 8Ly e
nfethogl ofl aligarithnesujeserisbdi in cansetion dvithatha egimplps BRslesediferein may
t he cg t ent cIassticatiqn, wherein the firstﬁgata

n
be cgihediedngyrgeli¥ sinahardwase, dn o polkare: wadwe CHgentehdy a processor,

AOQUR, 6PHP EGRBindtidd bStwdlbd fbfestthéde. rﬁgét) F4E Module may reside
associated wth the first data group coefticient. 2.

inTRéMretehdy, dtask nzinmry,, R@NEmeimorg dRR @Mooeiory, EBRBOM esemory,

determning.a bit rate.based on t ont ent
TERLE ¢ PR sffe?lﬂé%rﬁ%@d@%_@\& O 8iheb Gy of storage
nieBRnMkhddirBdine #at Ankaseeien stobtrethdditiBti® codled ffthe processor,
met hod of claim 1, wherein classifying content

suchriptti the Brogesser pannicad indempatiori frqm.omdtwiéte apflormetian tq, the storage
i | LT ;
o2 AR 0 PSR A B3 B oo, T

poetsor 4nd theataregcdhmddiain magiresid; inmdre ASIQ. The ASIGPhEx kdside in a
conpri.ses tenporal conplexity or spatial conplexity. .
us? rRinFledR SR BRETEREY by PrRRessen #ndk e stasngs BKgipyp may reside as
dﬁ&@ﬂ%&%ﬁ%m&ﬁﬂﬁpié&xﬁﬁﬂﬁ%ﬁxity and spatial conplexity.
5 ;

. The method of claim1, wherein encoding conprises
[@AZbdi nghe kmamples idasdibad dhvee sE msretyoenpdavy badatibsegskilled in

o G S e Tt DR A BB
eRnles withodth@epgiilOotroff e Avehtlve WHREBisNdibdI6selli HeBdin. Various

differential refinenent indicates a difference between
medificpiensdg thesg esamplgprinayhe eadibseanpateat ebase skilled inghe art, and

BTG el S TLE AP BhohoL. i o
ifstadt messaging service or any general wireless data communication applications,
without departing from the spirit or scope of the novel aspects described herein. Thus,
the scope of the disclosure is not intended to be limited to the examples shown herein
but is to be accorded the widest scope consistent with the principles and novel features
disclosed herein. The word “exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any example described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other examples.

Accordingly, the novel aspects described herein is to be defined solely by the scope of

the following claims.



second data group is an enhancenent |ayer.9. The

nmet hod of claim 8, further conprising: selecting the
woaed7iosgioent from one of an original base | ayePCT/US2006/037948

residual error coefficient or an original enhancenent

| ayer residual error coefficient; and calculating the

first differential refineneit based on the coefficient

and the original enhancenent |ayer residual error

coefficient. 10. The nethod of claim1l, wherein

encodi ng further conprisg¢g, gmQdi ng macrobl ock header

i nformati on and notion vector information in the first

dat a : : le8iidineWher ei n
L encodA‘?%lg SroéL e E‘%nrgﬁlﬁlggglag%agﬁtc?%émﬁhe first data
gr oclpssfyireg dontemit ofmelinsidiedatarmidquant i zi ng t he second
data group at .second step .Siz wherein.the fi
ot e ding o Sugena Lrajy &y G EREP Grd db rekbig bt sroup
bask@%hQhe cddent MRsitRANG vtferdh MdWidkt MR @FRiprtoaipeiRed Agoefficient
further conprises determning a first quantization
andpthreasvetmst ddtagrowg coniprises 2 diustrdifforgniiairelneapent jassociaid with the
fi gﬁe in encogfi. n%%t he first data group, and determ ning
s A3 B WIHAY TV at i on paraneter having a second 4
qgquanti zati on step si.ze for use in encoding the second
2. dat a THeompthotMugrckdim 1 hehéreinssaideocsign nunprises tdeteamingng a bit
paraneters are deternined bage on ?ont en ti nf or mat icfm the
rate fbageds OP ethe etPfGu Rlasatication, of hidPWipedly; datps pug encoding
R0 L 28t 1At Sl fle BitdRel S coarser than said second
guanti zation step size. 13. The nethod of claim1,
wher ei n encodi ng conprises encoding the first data .
3. gr ouplhesinagpofl-dfr claies 1, shgrein clagsbang COBAY CIRPIISsadetsFINIng
t her eof .and codi_ng. t Sk -
compf et MmN RHL Wl 4R SFERRE BT Rod MBS ots s cncoded
batdaemané comhflexitoffhp anatimedib@ataencodi ng nul ti medi a
data, conprising: neans for classifying content of
mul ti medi a_dat a;, means for encodi ng the nulti nmedi
4. dat a The methpd gt Clamg 3 WRAEH Bn e t%‘é‘%fweﬂmoégoup
classification, wherein the first
co%@%%ﬂa?%a%ﬁ%%ﬁ%ﬁ@%@?ﬂa coefficient and the second data
group conprises a first differential refinenent
5. as s ocTe methed phclaine 3f Whereindhe eorgpleiy eqeprses feaporaly 5.
Th parat ys,of claim 14, wherein said encodi ng nmeans
Cogﬁﬁﬁﬁgfgdﬁ%%ﬁ%c?%ﬁbﬁ%¥ernining a bit rate based on the
content classification of the nultinedia data, and
6. enc odTRYmithed o Ictaiireld indheckdnt andaalfetcomprisheerwiotlingahe midtimedia

dafosh oD THDHGe-odBIo SBLN A s BS e iR figt dbek ghSbhp and the
seg o ﬁ% to%@&g(@’éoﬁﬁﬂlﬁéﬁ@a@%p and wherein the

el ecte tinmedi"a data i s encoded based on the
conplexity of the nultinmedia data. _ . o
7. The method of claim 1, wherein the first differential refinement indicates a

difference between a selected video frame and frame data resulting from decoding the

first data group.

8. The method of claim 1, wherein the first data group is a base layer and the

second data group is an enhancement layer.



17. The apparatus of claim 16, wherein the conplexity
conprises tenporal conplexity or spatial conplexity.
wa&oo70Bg7oappar at us of claim 16, wherein the coORPIANRI0G/037948
conprises tenporal conplexity and spatial conplexity.
19. The apparatus of claim 14, wherein said encoding
means conprises neans for €fgcoding the nmultinedi a data
so as to allow decoding of only the first data group
0. O thge hididd A, Pitbhed@8mbRgngecond data group into
a S|ngfe conbi ned data group. 20. The apparatus of,
cl asabectiag thhecasticientefrpmy one (iff 4ne osiginah | base flpyse eidual error

i.ndi cates a difference . VA frame
costfigernith i chigttal pRRE o A R RaR At chitciptiagal | AT
gr Odleulddng THee figd RiffaderBalofefiabmbmn Babed vdnettei coeffieient and the

first data group is a base Ia%(e,r and the second data
origingl gphprcementlaperretifeH LR GREIICIOBt. The apparat us of

clai m 14, wherein the encodi ng neans conpri ses neans

10for eng ?%%tﬂ&i 0BG 48P Qterdf A& din S HuthBBd dnditis8iéhod@inigon

vect or ormation in the first data group. 23. The
madfpidcithesdafinfolmationlahd métemeieatos aifdrmeaiioadh iy firshdaa group.
further conprise neans for quantizing the first data

roup,at first st Si ze, i Zing.
118o¢ a eanirat Sl B eflsn QR G Sl Sy e
firs]ftfdﬁﬁ Fh#Latd k686988, 9he Quaitizéngathe séoehdtiatd goyupaat sce¢and step

actor. 24. The apparatus of claim 14 erein said
sizg ewldpingherEiesh Stop 617p AN secHBd HEP FIGF aﬁé@@% hipale 1AePLy

quantization parameter having a first quantization
125t epﬂezlﬁeélgé obSi8inh 1. WRAGEHI RBodife fufrthes Eorlpdisks de@tRining a first
and determning a second quantization parameter having
quantiation gaeuretdr ihawing arfirst gEnizatontstap teefor fsehcgrdige the first
t he secon ata group, wherein the fir d
daig, &Rz a’_l“}%o%e ﬁvlﬂﬂ%& G SRR gl Pt 3ERE% second
qu\%\ﬂ%ﬁﬂﬁ steBf DRt uSNinOéR08iRk &Ré estohd dam galm, wianen the first and

erein said first quantization step size is coarser.
se¢dnanqeaitidateme pAUmEean t seteoningd chpssd 28, comentpgormation of a

ratus .of cl ai 4 i i d 00 : d
BB PR GV R RGP0 TR s
sedSiidtfhahtiZdtiefREpan@. P-frames; and nmeans for encoding

the second data group using |I-franes, P-frames, and

B-franes. 26. The apparatus of claim21l wherein sai
Toncodl Wy megiitso GO e BRSIEHe BRSO, BT ey iy e e st data
aG6@F [ §ih 18kl FANFREME! ordhy ohibif@bn BRgorlad ehicoding the second

data group using I-frames, P-frames, and B-frames or any combination thereof.

14. An apparatus for encoding multimedia data, comprising:

means for classifying content of multimedia data;

means for encoding the multimedia data in a first data group and in a second
data group based on the content classification, wherein the first data group comprises a
coefficient and the second data group comprises a first differential refinement

associated with the first data group coefficient.

15. The apparatus of claim 14, wherein said encoding means comprise means for
determining a bit rate based on the content classification of the multimedia data, and

encoding the multimedia data based on the bit rate.



residual error coefficient or an original enhancenent
| ayer residual error coefficient; and neans for
woabaBsming the first differential refinenment POaISL006/037948
the coefficient and the original enhancenent |ayer
residual error coefficient. 27. An apparatus
configured to encode nultirM®di a data, conprising: a
content classifying nodule configured to classify
16.¢0Nt ?H% _agxgarﬁﬂik ok XRAhina1 A 3¥ R rdA dailr s Eging Woh@At means comprise
classification data; and an encoder configured to
meamsclod eletemmiming complixity ddt the imultimefiasdatyand Wherg Hggpelected

in a.second da ro as : -
iy e R P PR ofthy B R RBledie dota,
a coefficient and the second data group conprises a
17.F 1 r strugi {gpar-ent oal claief i 6e neirreiasthe ctanplaxivy tdontphiges temporal
first data group coefficient. 28. The apparatus of
comaplexify orEPaHEPBIE e encoder conprises a bit rate
conmponent configured to determne a bit allocation
1g.baseqyon, I Ne, GOk efhinf | 1S Sifkdr&iat tHeNcopiexith &jodipiiséd @emporal
encodi ng ‘conponent 1s further configured to encode the
comnplerity adi spatitlicvegilexityat a usi ng the bit allocation. 29.
The apparatus of claim 27, wherein classifying content

conpri ses _determ Ning €Q it ' '
19 Gt o R ARP AL o P15 ST ol an Rt cp B means for
en@AGRARE nhiageediaatane Baeopllexideyodiig dhenlyrthe firvedata group or the
~data. 30. The apparatus of claim 29, ¥$er§in t he
first dpiel sy andcberproond 2t EHHR RO ac%ﬁéF ompiped data gtoun,

conpl exity.31. The apparatus of claim?29, wherein the

20COMPl@gXi a&%aﬁﬁf@f iIBES 14eWRefel the GIrR @Rbdeyti ANEfifdAdit dhdicates a
- conplexity. 32. The apparatus of claim?27, wherein
difésnerndi togvamnpsélswsd videodiamy andelrame drtraarRling framsgpeqding the
to all ow decoding of only the first data group or the
firgtide@&erQ%R-a group and the second data group into a

singl e conbi ned data group. 33. The apparatus of claim
2127, WRY Siparatdyeofidl4ist 14]iWHessie el fakt d2d prompest base layer and the

i ndi cates a difference between a selected video frane
seepnd datagTeuRiistan enBaAeIICAaY$'om decodi ng the first data

group. 34. The apparatus of claim 27, wherein the
2ol 1T StT}%aefpgaﬂlﬁﬁ%? claﬁmam?@l‘ﬁ@reirﬁﬂ‘l@ Endithd MBarkeeaMEisekhéans for

group is an enhancenent |ayer. 35. A machine-readabl e
end&Hih gimacobjuck dieadpr infotmaioniapd snatieatveetop infesmesigniip fhe first data
cause a machine to: ,
group.
23. The apparatus of claim 14, wherein said encoding means further comprise
means for quantizing the first data group at a first step size, and quantizing the second
data group at a second step size, wherein the first step size and second step size are

related by a scale factor.

24. The apparatus of claim 14, wherein said decoding means comprise means for
determining a first quantization parameter having a first quantization step size for use in
encoding the first data group, and determining a second quantization parameter having a
second quantization step size for use in encoding the second data group, wherein the

first and second quantization parameters are determined based on content information of



classify content of nultinedia data; and encode the
multinmedia data in a first data group and in a second
wdav@/gsoup based on the content classificati ORCT/US2006/037948
wherein the first data group conprises a coefficient
and the second data group conprises a first
differential refinenment ass3ficiated with the first data
group coefficient. 36. The nachi ne-readabl e nmedi um of
a sdl@Ldhame dMRELRA WHeREn kA TritCiuatiization sespcsizteiscoaes an said
Instructions to determine a bit allocation based on
secbitbquantiz&ivn stdpessza. f i cati on, and wherein the encoding
conmponent is further configured to encode the sel ected
mul tipedi a_dat a- ysi t | t..al ' .
25.mac hi e Rt P P i g b Gte flansTmpthes:
cl assi f yinegnsfontmddingahpfiis dstageduprusing Injarnengidditages; and
of the nultinedia data, and erein the selected d
mul ti medMeaReion eneodiie: e SEComILatR FRUP HENG gﬁbﬂné%?r Pyfragges, an
t he [1{;144 iJredi a data. 38. The machine readable
i nsFr uctrons of claim 37, wherein the conplexity
conprises tenporal conplexity or spatial conplexity.
26.39. Tihe apparhiusef cleta 2b] whereigtspidenreiag Breary GAORRTIPS:

\gﬂ S ' g ipgt trr%%n% gc%njl:'gqleze;%l%lé _tlieg Eg?r&h%i%ﬁt hglqipgl{ef; leﬂi? %g 'BH g‘?ﬁ‘aﬂ th¥se layer

rocessor

confd e e Grio®: coek@&atf ¥r cmnioeiBinabfenhadceineridilayed ateaidual error
and encode the nultinedia data in a first data group
and cpeffigieseenthd dat a group based on the content

classiT Galh oo WGkl ME filf Hrrd8hich GAUBmEAMBiLACs the
a coefficrent an & 'sBcond dat a group conprises a

fi r gbefdicichesrithe atigmef énhenenienabyeciesitied ewior Rogffigient.

first data group coefficient. 41. The processor of

claim40, wherein th rocessor,..i s . furfh i.gured
275 o deke piRAE S et Benta g gagdadity famfibet:
cl a%ﬁéofnitéﬁ%iagﬁfyi@gl choMiR! @nkichie t6rEed i gomentpsinankiniesia data

further configured to encode the selected nmultineda
and ptavidestamgpnt blestificatigh|dstsaticbn. 42. The processor of

claim40, wherein the proc 48 af r, £Q0fA19YE di
BSOS 00 gt S0 o
a VWRBKE Rkt S1Bus BAeANén Heasidnt chkéification, Masedn dire fitee data group
conplexity of the nultinedia data. 43. The gr 0CEeS gllrjf ential
copfprisesaiantadiicighie pBf nhe Hecehoix BIQPPcEPPIEEs? ¢ éﬁﬁ% I
reﬁoé‘r}?e':n“t‘%sto&a h&iﬂ?{tﬂe@lm&ﬁ%sgﬁ!) Eobffidént. The processor of
P 42, ereln the conplexity conprises tenporal
28. The apparatus of claim 27, wherein the encoder comprises a bit rate
component configured to determine a bit allocation based on the content classification,

and wherein the encoding component is further configured to encode the selected

multimedia data using the bit allocation.

29. The apparatus of claim 27, wherein classifying content comprises determining
complexity of the multimedia data, and wherein the selected multimedia data is encoded

based on the complexity of the multimedia data.

30. The apparatus of claim 29, wherein the complexity comprises temporal

complexity or spatial complexity.



conplexity and spatial conplexity.
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31. The apparatus of claim 29, wherein the complexity comprises temporal

complexity and spatial complexity.

32. The apparatus of claim 27, wherein encoding comprises encoding the
multimedia data so as to allow decoding of only the first data group or the first data

group and the second data group into a single combined data group.

33. The apparatus of claim 27, wherein the first differential refinement indicates a
difference between a selected video frame and frame data resulting from decoding the

first data group.

34. The apparatus of claim 27, wherein the first data group is a base layer and the

second data group is an enhancement layer.

35. A machine-readable medium comprising instructions that upon execution
cause a machine to:

classify content of multimedia data; and

encode the multimedia data in a first data group and in a second data group
based on the content classification, WhereinI the first data group comprises a coefficient
and the second data group comprises a first differential refinement associated with the

first data group coefficient.

36. The machine-readable medium of claim 35, wherein the instructions to encode
comprise instructions to determine a bit allocation based on the content classification,
and wherein the encoding component is further configured to encode the selected

multimedia data using the bit allocation.

37. The machine-readable medium of claim 35, wherein classifying content
comprises determining complexity of the multimedia data, and wherein the selected

multimedia data is encoded based on the complexity of the multimedia data.

38. The machine readable instructions of claim 37, wherein the complexity

comprises temporal complexity or spatial complexity.

39. The machine-readable instructions of claim 37, wherein the complexity

comprises temporal complexity and spatial complexity.
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40. A processor being configured to:

classify content of multimedia data; and

encode the multimedia data in a first data group and in a second data group
based on the content classification, wherein the first data group comprises a coefficient
and the second data group comprises a first differential refinement associated with the

first data group coefficient.

41. The pfocessor of claim 40, wherein the processor is further configured to
determine a bit allocation based on the content classification, and wherein the encoding
component is further configured to encode the selected multimedia data using the bit

allocation.

42. The processor of claim 40, wherein the processor is further configured to
determine complexity of the multimedia data, and wherein the content clagsification is

based on the complexity of the multimedia data.

43. The processor of claim 42, wherein the complexity comprises temporal

complexity or spatial complexity.

44. The processor of claim 42, wherein the complexity comprises temporal

complexity and spatial complexity.



