AUDI O DECODER AND DECCODI NG METHOD USI NG EFFI CI ENT DOANM XI NG

CROSS- REFERENCE TO RELATED APPLI CATIONS clainms priority to United States
Provi si onalb 2Pareed67 Appl i cati on No. 61/305, 871, filed 18PETRsbe1ame3s32010,
and United States Provisional Patent Application No. 61/359,763, filed 29
June 2010, both hereby incorporated by reference in each entireties. FIELD
OF THE | NVENTI ON [ 0001] The present disclosure relates generally to audio
signal processing. BACKGROUND 10 [0002]Di gital audi o data conpression has
beconme an i npor tAUWDIQ BEGODRER AND DECQRING METHOD USINGEFFIGIENT s have been
i ntroduced that allow high qualityDOWNMIXING oducti on wi thout the need for
the high data bandwi dth that would be required using traditional

t echni ques. AC- 3 andCRQSS-REFERENCETOaREEATED-APPHCATIONScodi ng t echnol ogy
has been adopted by the Advanced Tel evi sion Systens Committee (ATSC) as the
audi o 15§éﬂim$ preorky wridaied Sfatas %\@ﬁ@@é?&tmttﬂpehcaﬁen dioi Gli/B13.q7HOM) 18 n t he

United St i a

(digita P%I 2§|1(§(%1 @gﬁ@éddﬁ !Fltgsoltylfo 1{8{??1 {&H& lfCﬁﬂ)zlisl\tIId1 6@%@:{7@5156@% exanpl e
of per cepltnwaZOl@dnbthigaxebannbomoml@digsrefemnctmchadgenmmmes.pI e channel s of digital
audio to a bitstream of coded audi o and netadata. [0003] There is interest

in efficiently decodi ng a codefen@FTREINYVENGRON For exanple, the
20battery life of portable devices is nmainly limted by the energy

consunpt i[@01pf iThs preéd dRtloaes fldkg guidrilly tdhadie Bighgyraeenmgnpt i on of a
processing unit is closely related to the conputational conplexity of its

tasks. Hence, reducing the averageg /&%@H{m{) pnal conplexity of a portable
audi o processing system shoul d exte attery life of such a system 25

[ 0004] Tbgodoey M Mﬁ@ud] Sudi® UAR B Hp HREAMES RREMB Yn tfiRs@niehhREe fihé hudid) the art
torefer to a famly of processor instruction set architectures whose

origins tr aleéusa"aclﬂev_f Brope hpysthern Boaéicpd deedloarhighaualivsylio rerrodusiorbi qui ty
of the x86 ,@glul hehtQNS: G€ Blgﬁ l1&Q bk &Y Shat LREKIDe %q%ﬁed @sing traditional

techniques. AC-3 and more recently Enhanced AC-3 (E-AC-3) coding technology has
been adopted by the Advanced Television Systems Committee (ATSC) as the audio

15 service standard for High Definition Television (HDTV) in the United States. E-AC-3 has
also found applications in consumer media (digital video disc) and direct satellite
broadcast. E-AC-3 is an example of perceptual coding, and provides for coding multiple

channels of digital audio to a bitstream of coded audio and metadata.

[0003] There is interest in efficiently decoding a coded audio bit stream. For example, the
20 battery life of portable devices is mainly limited by the energy consumption of its main
processing unit. The energy consumption of a processing unit is closely related to the
computational complexity of its tasks. Hence, reducing the average computational
complexity of a portable audio processing system should extend the battery life of such a

system.

25 [0004] The term x86 is commonly understood by those having skill in the art to refer to a
family of processor instruction set architectures whose origins trace back to the Intel 8086
processor. As result of the ubiquity of the x86 instructions set architecture, there also is
interest in efficiently decoding a coded audio bit stream on a processor or processing
system that has an x86 instruction set architecture. Many decoder implementations are

30 general in nature, while others are specifically designed for embedded processors. New

processors, such as AMD's Geode and the new Intel Atom are examples of 32-bit and 64-



interest in efficiently decoding a coded audio bit streamon a processor or
processi ng systemthat has an x86 instruction set architecture. Many
decoder iwplenerne®ri ons are 30general in nature, while @®@Charsgoianess33
specifically designed for enbedded processors. New processors, such as

AMD s Geode and the new Intel Atom are exanples of 32-bit and 64- bit
designs that use the x86 instruction set and that are being used in small

portabl e demi §8%ns BR EE HESERFIHN s&Rand e LRAVMANGRA DRI fohble 1 shows

pseudocode 100 for instructions that, when executed, carry out a 5typical
AC- 3 decodi #§icpt-ocess. [0006] FI GS. 2A-21) show, in sinplified bl ock di agram
form sone different decoder configurations that can advant ageously use one
or nore comon nodul es. BRIEFDESCRIBTIONOF THHBBMUINGS and a sinplified

bl ock di agram of one enbodi nent of a front-end decode nodule. 10 [0008] FI G
4 shows d40095hpl iHlGelshdas asdullowde il (foamstretionhibatopbenatxcomedofargmait embodi ment

of a front- 3 l e..J]0009] FIG 5A shows pseudocode and a
si npl i flged %ﬁgg%ﬁ?ggﬁoﬁgg@c&sé enbodi ment of a back-end decode nodul e.

0010] FI docode and..a.sjnpl.ified block di.agram of anot her
Somtnai TaoBrof 198 2R SRS RoR s Ba R o b et S MR AR RSy 2P 1T
data flow décaggatidn®that &ie aapeitRtosl Bt ofN& redtb osthfBModules.

[0007] FIG. 3 shows a pseudocode and a simplified block diagram of one embodiment of

a front-end decode module.

10 [0008] FIG. 4 shows a simplified data flow diagram for the operation of one embodiment

of a front-end decode module.

[0009] FIG. 5A shows pseudocode and a simplified block diagram of one embodiment of

a back-end decode module.

[0010] FIG. 5B shows pseudocode and a simplified block diagram of another

15 embodiment of a back-end decode module.

[0011] FIG. 6 shows a simplified data flow diagram for the operation of one embodiment

of a back-end decode module.

[0012] FIG. 7 shows a simplified data flow diagram for the operation of another

embodiment of a back-end decode module.

20 [0013] FIG. 8 shows a flowchart of one embodiment of processing for a back-end decode

module such as the one shown in FIG. 7.

[0014] FIG. 9 shows an example of processing five blocks that includes downmixing
from 5.1 to 2.0 using an embodiment of the present invention for the case of a non-

overlap transform that includes downmixing from 5.1 to 2.0.

25 [0015] FIG. 10 shows another example of processing five blocks that includes
downmixing from 5.1 to 2.0 using an embodiment of the present invention for the case of

an overlapping transform.

[0016] FIG. 11 shows a simplified pseudocode for one embodiment of time domain

downmixing.



of a back-end decode nodule. [0012]FIG 7 shows a sinplified data fl ow

di agram for the operation of another enbodi nent of a back-end decode
nodul e. 200[2001829%67G. 8 shows a flowchart of one enbodi WEmUSEI11/0LIFERSSI NQ
for a back-end decode nodul e such as the one shown in FIG 7. [0014]FIG 9
shows an exanpl e of processing five blocks that includes downm xi ng from
5.1 to 2.0 using an enbodi nent of the present invention for the case of a

non-over I&@m 7!)r ans&;ornbRak sinfpekitess i ot Bk dkRdMnRnloft Oprédecing?d
[ 0015] FI 10 shows anot her exanpl e of processing five blocks that includes

downm xi ng Piem Bt includepatdeagising grogassenng diates cagy optdecohing deluding®at i on f or

the case of,ap,O¥QH&RPIHDdLARSRMY. [0016] FIG 11 shows a sinplified
pseudocode for one enbodi nent of tinme domain downm xi ng WO

of one. embodi ment of a JGeHEaIly Q EXaMEERERBNIRATS || S5t one @ 0T

processor apd that can carry out decoding, including one or nore features
of the presBKE™TWenti on. DESCRI PTI ON OF EXAMPLE EMBODI MENTS 5 Overvi ew

[ 0018] E{T?&gl iggg nt bl%fdnﬁe*ﬁf"s d?rﬂ%srpgé‘s%mi iHv"e%{?éd 8%@1@%&@@,% ggéagaﬁ §. aftDoBRPAT atus,

and | og de n one or re conputer-reada ta mto carry
out act i onsencoded in one or more computer-readable tangible medium to carry out actions.
[0019] Particular embodiments include a method of operating an audio decoder to decode
audio data that includes encoded blocks of N.n channels of audio data to form decoded
10 audio data that includes M.m channels of decoded audio, M>1, n being the number of low
frequency effects channels in the encoded audio data, and m being the number of low
frequency effects channels in the decoded audio data. The method comprises accepting
the audio data that includes blocks of N.n channels of encoded audio data encoded by an
encoding method that includes transforming N.n channels of digital audio data, and
15 forming and packing frequency domain exponent and mantissa data; and decoding the
accepted audio data. The decoding includes: unpacking and decoding the frequency
domain exponent and mantissa data; determining transform coefficients from the
unpacked and decoded frequency domain exponent and mantissa data; inverse
transforming the frequency domain data and applying further processing to determine
20 sampled audio data; and time domain downmixing at least some blocks of the determined
sampled audio data according to downmixing data for the case M<N. At least one of Al,

B1, and C1 is true:

[0020] Al being that the decoding includes determining block by block whether to apply
frequency domain downmixing or time domain downmixing, and if it is determined for a
25 particular block to apply frequency domain downmixing, applying frequency domain

downmixing for the particular block,

[0021] B1 being that the time domain downmixing includes testing whether the
downmixing data are changed from previously used downmixing data, and, if changed,
applying cross-fading to determine cross-faded downmixing data and time domain

30 downmixing according to the cross-faded downmixing data, and if unchanged, directly

time domain downmixing according to the downmixing data, and



100191Parti cul ar enbodi nents include a nmethod of operating an audi o decoder
to decode audi o data that includes encoded bl ocks of N.n channels of audio
data to fwormndewewed 10audi o data that includes Mn chanmeraisediimessezsied
audi o, M¢l, n being the nunber of |ow frequency effects channels in the
encoded audi o data, and in being the nunber of |ow frequency effects
channels in the decoded audi o data. The nethod conpri ses accepting the

audi o datigpohat dinsehdsdrs Rl RGKS iRfluds RaeaRBMAINS oPhhoReadeRriBMedi.0 dat a
encoded by an encodugﬁ met hod that includes transform ng N.n channels of
é

di gi tal audignredtd thedhd ISt gy 2anercpuerIting chaaeilsiney sl hagkponent and
manti ssa daj@ oAt dRRIMNE cﬁelh‘ﬁel%‘ﬁ&mg?ﬁﬁeﬂiéﬁioﬁ ARy caludFGAL Ng 1 ncl udes:

unpacki ng and decodi ng the frequency domai n exponent and nmantissa data;
det er mi ni ngiransianging the feegpdricy dpapingat pogibe hpplping Suthedpragrdsitdeended frequency

domai n §quﬂgﬁ mé@ﬂi&Hﬂ&éﬁgéaﬂﬁhﬂﬁn%aﬁﬁﬁég transform ng the frequency
app ropr

domai n data an ying fturthe cessing to determ ne 20sanpl ed audi o

data; an i i n_downm Xxin t. least.s bl ocks of e, determ ned
sarpi ed 08825 o dPRLRE SRR iR h 4R BF a Sp B BB R " east
one of A, mddiuiarrifg décdding uBtrudtidaLBhiAvhdaeke@tddvgtont bemote padisgrsional udes
determ ni ng bl ock by bl ock whether. to apply frgq%ﬁncy gogaiq%domnnixing
or time dondPHSy O A HRIOFPsIng SR EUPT R G- B U844 cul ar bl ock
to apply friggueneycsdedBiotksdPWIEhhids ofaRdibYikiago for@AuEs ey adnd@dtnthdownm xi ng
for the particul ar block, [0021] Bl beinthhat the time domai n downm xi ng

i ncl uddg t 8¢1PdRy NimesharRCls H doendihmds: Al T baing e NERRAGEdOY FEMHEBRevi ous| y

used downm jedd cHatndls iPMRE endolieChRRARE, aRPR lbyiinggqe%%éfcffa&b RgqdeAcydet er mi ne
cross-faded downm xi ng data and tine domai n 30downm xi ng according to the

cr oss- f adedefBstmshineeln g hadeodedypdiordaip dhadrgading Entredipnsinglpdee domai n

downm xi ng @GERALGMEh Led %c&@%é@c@&)tﬂghﬁr auBfdaM@hat includes blocks of N.n
2011/ 102967PCT/ US2011/ 023533

channels of encoded audio data encoded by an encoding method, the encoding method
15 including transforming N.n channels of digital audio data, and forming and packing
frequency domain exponent and mantissa data; and instructions that when executed cause
decoding the accepted audio data. The instructions that when executed cause decoding
include: instructions that when executed cause unpacking and decoding the frequency
domain exponent and mantissa data; instructions that when executed cause determining
20 transform coefficients from the unpacked and decoded frequency domain exponent and
mantissa data; instructions that when executed cause inverse transforming the frequency
domain data and applying further processing to determine sampled audio data; and
instructions that when executed cause ascertaining if M<N and instructions that when
executed cause time domain downmixing at least some blocks of the determined sampled

25 audio data according to downmixing data if M<N. At least one of A2, B2, and C2 is true:

[0024] A2 being that the instructions that when executed cause decoding include
instructions that when executed cause determining block by block whether to apply
frequency domain downmixing or time domain downmixing, and instructions that when
executed cause applying frequency domain downmixing if it is determined for a particular

30 block to apply frequency domain downmixing,

[0025] B2 being that the time domain downmixing includes testing whether the

downmixing data are changed from previously used downmixing data, and, if changed,



[0022] (Ti being that the nethod includes identifying one or nore
non-contri buting channels of the N.n input channels, a non-contributing
channel bEDOnrgual0ewannel that does not contribute to thePirmsesanessBs, and
that the method does not carry out inverse transform ng the frequency
domai n data and the applying further processing on the 5identified one or
nore non-contributing channels. [0023] Parti cul ar enbodi nents of the

i nvention i pplyideréss TRITLRE ehfiad albbLradd iR TRIiMMSE @hd Mgndecodi ng
instructions that when executed by one or nobre processors of a processing

syst em caus¥VtRExIpE rceskineiy tyysesenaded dewppiginghatagenddbmgangadidredht a t hat

i ncl udes engadechBh 8GsnRfne Nedd GRAMNEL Soviimidtidu@adalia to form decoded audio
data that 10i ncl udes Mm channel s of decoded audi o, M, n being the nunber
of low fn nc f .S i udi.o,.da; nd m bei ng

t he nunbé@ﬂ%F Ig%ﬁ%?%%%%g%gggﬁﬁ%%?éﬁ%h@%ﬁ%&%ﬂgﬁg?%@%ﬁggg%%gmggdio data. The
decodi ng i ndemifigihg omsorinagé nehecontrittingidtanmisoft thealN. nvityan clemedsitaedncause
accepting the audi o data that includ bl ocks of Nn .channels of encoded
B daca SRERHER uhRAT rREh bR P R SR R A B AR Rl L ng

t r ansf or m ngatshémehadddes sohrrd bgiihadrseatsdiforndag ee f@GEEntYdsmagdanandacki ng
frequency d nain.exg%ﬂent and rmantissa data; a ddinstructions t hat when
execut ed calll$ EPRISRHITHE RSP AU B WRHCIPRR CPHER RS CPBRES hat  when
execut ed cause decoding include: instructions that when executed cause
unpacki nd0%flH ddesurhgenbrdimeniginelnds AanapRRis EX peisenineando dante deaddat a;

I NSt ruGhi onge LIRS AMNBB: IBXEGN LRDICRHIS Eks b8 Nl MHafhdor2BEib ARG kPfommcoef fi ci ent's
fromthe unpacked and decoded frequency domai n exponent and manti ssa dat a;

i nstruct i ongcedvdtaudindpa diaemgtudes Mangmnnelyelrdseoded ande.dviad. mgeingéhdf r equency
domai n dat a; and, @ﬂq.ewfealgeﬁfggaﬁf & chRERESS mg%gc&dgd et Shdn. DR BAReL: audi o

data; and instructions en executed cause ascertaining I'f MN and
i nst ructi onmmbicac! lhdreqestey effets dhannsk it thesledulnd huticidain rihg pprgrats | east sone

bl ocks of t et erm e I t i 0 I Xi ng data
e A T EE Rt SRR e SRR (PR ELARGES BN RN PG

i nst ruasi onscodedtaudibdna enededt Bdancansdngimectbad, nige dnpading@ethodincludingons t hat
when execut ed cause.det er m ni bl ock bl ock whet her . to _apply frequency
Gormi - donri e RGMEE T HER ST B B B gr MRt Bl B8R ron
execut ed cadmeingpbiydnngnd magiveniay; seinmatans thoderidiighnige dcteptdd dusiodiataeTid ned f or

a particular 30hlock to.a frequency domai p. downm xi_.ng, 100251B2 bei ng
Chat ¢ ho-t| A gl AT e o EBE R e RiEs W eiraty doma

exponent and mantissa data; means for determining transform coefficients from the

20 unpacked and decoded frequency domain exponent and mantissa data; means for inverse
transforming the frequency domain data and for applying further processing to determine
sampled audio data; and means for time domain downmixing at least some blocks of the
determined sampled audio data according to downmixing data for the case M<N. At least

one of A3, B3, and C3 is true:

25 [0028] A3 being that the means for decoding includes means for determining block by
block whether to apply frequency domain downmixing or time domain downmixing, and
means for applying frequency domain downmixing, the means for applying frequency
domain downmixing applying frequency domain downmixing for the particular block if it

is determined for a particular block to apply frequency domain downmixing,

30 [0029] B3 being that the means for time domain downmixing carries out testing whether
the downmixing data are changed from previously used downmixing data, and, if

changed, applies cross-fading to determine cross-faded downmixing data and time



downm xi ng data are changed from previ ously used downm xi ng data, and, if
changed, applying cross-fading to determ ne cross-faded downm xi ng data and
ti me dormaw@ 2dovimpdesi ng according to the cross-faded dowrgrAisegridaisa3 and i f
unchanged, directly tinme domain downm xi ng according to the downm Xxi ng
data, and 100261C2 being that the instructions that when executed cause
decodi ng i nclude 5identifying one or nore non-contributing channels of the
N.n input cRANNEISynxiAE Becof@il (b iHRUbRFaded ADNEMIxRRI dAch, AnCinaRURRAgeliNat does
not contribute to the Kmchannels, and that the nmethod does not carry out

i nverse traHEFdy tAPHES {hedemar denyixtgraiondisgodhadrynnsing gppydndg f urt her
processing on the one or nore identified non-contributing channels.

[ 0027] Parl@@3dll arC3rbgdhagntappimiot ididesmenpp for adenslyingronppomesgiong audi o dat a
to decode 10 di t Jnel Dl N, n .channel s of
audi o data ?%H?E?%%ﬁéggﬂgﬁf%ﬂﬁ%éIﬁ%ﬂ%gﬁﬁ%?%?ﬁgﬁﬁﬂﬁgg%ﬁﬁ¥@lgﬁH‘ﬁs of decoded
audi o, Bbi ,chanieéihagddeheotrumiibute af the MamfchegquBnoy tedt flecpparathadaee st 1 n t he
encoded audi o dat.a, and bei ng the numger .of. | ow, frequenc ffects

channel s | o BLsRaGE A 5E e Boes 058 par 380 5B it ans o
accepting tfeceadind én Wabae drhiadre ideadifidesnlebacikaingfchMnplschannel s of 15encoded
audi o data encoded by an encodi ng net hod, the encodi ng nethod i ncl udi ng

transf or npgsd) N rrafikanPehsoddheld @Ehad artdpghi@iud B ProcaRithgfa0dibiang qapd packi ng
frequency domai n exponent and mantissa data; and means for decoding the

accept ed audflBdgal-achanpds pleeapeder gpdided i fogm derodebiawlio dstha indydeginpacki ng

and deggdi ng f BRinhEICAHRRGHIARMBI N> BHROBE Nheiftf the MRRAbEST S Bt @rendBans for
determ ning transformcoefficients fromthe 20 unpacked and decoded

frequency ddfesis shanepls irethe eepededhaydio datiaandbinz() omlelaieg thepubpyef o t r ansf or mi ng

t he freque %R?%' LY oo erm ne
sanpl ed augflf %ﬁu a ag@ﬁg&%ﬁ@ t];leg(?ec'?%}m g%ﬁ%ﬁ%&%ﬁ%?ﬁg atS I g%g%sqg%ne

bl ocks of t4vecptiog therdiedats dmpinslideuinghantly ob ervodadi avdiotdatadoemlail Ry gy dat a
for the cas st . an [ rue; [ 3 being
that the: medsopl bl e o0, B Weorbhd Madrulifl Mt FHRRS, PO 2
whet heri5t 0o agdpl datdf in @ quangysuchoivaiinvecsownndfaomnngg oxd ftithee pooesming caomedexi ng, and

nmeans for | yi ng frequen dormai n_downm xi ng, tgg ans for applying
frequency dSHETBBWIRI HECHGEFYPRGTIT CHIAN ST BB TGtRRM e RE f or the
parti cul ar d&dpowdat add mintiks dd@t ardrfomens irmolrpaskipamtiadath slatdal o cte fkcoquagepl y
frequency domain downm xj ng,. 30] 0029] B3 bei n& t hat € neans fglr 3i ne
dormai n down G PERY PSS R (g RHen RETo S nlie dsta e s bt o
changed f r ofanpieR\rOHSiby/procedngd anmiexdsmgr daddng @O Gecepttd shianged Thappl i es
cross-fading to determ ne cross-faded downinbdng data and ti ne domain
downmi ¥Png HeARd FidRePHNS COMBIiLes 0¥ OF AEMEAR BN hiepddlselingArd op¢ Onchanged,
di & ectly appbie@feahd FBLARTRI DeDOMB MR RGN A8 AOALAE dtQdidendun frRRdNe: dat a,
an

unpacking the metadata, for unpacking and for decoding the frequency domain exponent

and mantissa data. The means for back-end decoding includes means for determining

transform coefficients from the unpacked and decoded frequency domain exponent and

25 mantissa data; for inverse transforming the frequency domain data; for applying

windowing and overlap-add operations to determine sampled audio data; for applying any

required transient pre-noise processing decoding according to the metadata related to

transient pre-noise processing; and for time domain downmixing according to

downmixing data, the downmixing configured to time domain downmix at least some

30 blocks of data according to downmixing data in the case M<N. At least one of A4, B4,

and 4C is true:



100301C3 being that the apparatus includes neans for identifying one or
nore non- contributing channels of the N.n input channels, a

non- cont rwbubimi@shannel bei ng a 5channel that does not PCorSzéOLas33 0 t he
Km channel s, and that the apparatus does not carry out inverse transformng
the frequency domain data and the applying further processing on the one or
nore identified non-contributing channels. 100311Parti cul ar enbodi nents

incl ude agoaapparat bsnd B4 dRY AERS firPaciadhdidecsdtoandiRtmdaRétod d&Srnlhifg Channel s
of encoded audio data to form decoded audi o data that includes 10M m

channel s of Plekcydderkathgihst onpply fieaeensy damije dagninE1mi HBEKMOBRIN ow f r equency
effects Chadm%ﬁxihg,famﬁle%ﬁq@%glﬂ&g%éau@lﬁyﬁom%%%&iﬂg, theB&daRgrot he number

of low frequency effects channel’s 7i n the decoded audi 0 data. The apparatus
conpri ses: 3pebing ffagpensg depringlgwnheizp applyingdteguetsadonpoldagemixingforthannel s of

Compr 1 sPng Trnet B R RAR S R BPER A B AR b I EORERL ™S ranner

such that idovemsengransfornmi ng and further processing can recover tine
domai n sanples without aliasing errors, form ng and packi ng frequency
domai n e)eo33ent Bandingahitilssacadata inrdmbiordsvingi-andcpasloungstmgtvadeaka rel at ed

to the frequency domai n exponent and nmantissa data,. the netadata optionally
el udi g Bt AT KK e i PO SR o pber b S e el H: Tand heans for
decodi ng t hehagaeppRes sidifalithah Aetetige 208ERM JodnnEAEOEINGOANPr i ses: one
or nore neans for fraont-end decodi ng and one or nore nmeans for back-end
decodi i§. TIEaRATEONIYNS prcaftingdA dhegdesdidig dPHRntietate sk FRFhaRgshacki ng t he

net adat a, f&fecﬂf}%ﬁ& e anthih O5wHBKON ia@&r&igg?toftﬁ@WYinggﬁlﬁ,i ddexponent and
manti ssa data. The neans for back-end decodi ng includes neans for

det erm nijgggaj 1 aﬁ%ﬁ@tﬁz&%ﬁ g!lr%gé ﬁlcfuﬁ%%éa%fdf'i‘ci%ﬁ&{&ﬁ% ofﬁggr fscqdgd frequency

domai n exponent an Smant i $5a. dat a; for inverse transformng the frequency
domai n dat aconfriputimgpgiiaynetpiwhet owhmg clantelo werh-apateabiding ghenatlitemg at o det er i ne
sanpl ed audj - 1 Ly n equi red transien + NQI

processi ng %lgré%g%hﬁtgdogg{é%%gﬁ%ut? g) t?g)édﬁrrlecﬁ glglgﬁaanfl é‘l?aé?t{ e gn%agpfor? g%%i eé%t

pr e- noitse pileocdssdarg potarady batrintdrseeradsginaming the irrnuencndoraige datal amitht 0

downmi xi ng data downnabdng, confiqured to tine d i.n downni x at | east

cont 30b acie e i PR RORR R e b he e e e PRI E: EREARAN

| east one_of A4, B4, and 4C is true: WO 2011/ 102967PCT/ US2011/ 023533

[0032] Ad BEhg THECUAEpRATRE BF IO 1R decdtim o Tt PEHECHIEALD f or

det er mi ni NGchannels of encoded audio data to form decoded audio data that includes M.m channels of

decoded audio, M>1, n being the number of low frequency effects channels in the

20 encoded audio data, and m being the number of low frequency effects channels in the
decoded audio data. The system comprises: one or more processors; and a storage
subsystem coupled to the one or more processors. The system is to accept the audio data
that includes blocks of N.n channels of encoded audio data encoded by an encoding
method, the encoding method including transforming N.n channels of digital audio data,

25 and forming and packing frequency domain exponent and mantissa data; and further to
decode the accepted audio data, including to: unpack and decode the frequency domain
exponent and mantissa data; determine transform coefficients from the unpacked and
decoded frequency domain exponent and mantissa data; inverse transform the frequency
domain data and apply further processing to determine sampled audio data; and time

30 domain downmix at least some blocks of the determined sampled audio data according to

downmixing data for the case M<N. At least one of A5, BS, and C5 is true:



Mock by bl ock whether to apply frequency domai n downnbdng or time donmain
downm xi ng, and neans for applying frequency domain downm xi ng, the neans
for appl ywogofreepsency domai n downmi xi ng appl yi ng frequectyusSdanmeis33
downm xi ng for the 5particular block if it is determned for a particular
bl ock to apply frequency domai n downm xi ng, [0033] B4 being that the nmeans
for tine domain downm xing carries out testing whether the downnbdng data
are changesef romsocre%rgl RHhYdeUSBEL HAOMMT dicAbin tb@ock% ®lock fvhelRangasbly appl i es
cross-fading to determ ne cross-faded downnabdng da a and tine 1 donarn
downni xi ng BiidREAnloPREIE RO IR WA XN rgind dtiels deiraningd fght hanged,
directly a i i ng dat a,
and [0034]9§ﬁ%§§%5k€§g§$ fﬂggggyg%%gﬁgﬁ?ﬂﬁgg%lﬂggﬁggﬁgfwggén???ﬁlng one or
nmore non- dhwmﬁubugﬁﬁéﬂnhawnbrébdf the N.n input channels, a

non-contri buting channel being a channel that does not contribute to the Km
channel s,[oos7H tk&ﬁbdmmmmnmmﬂnddmn%m@km&Mﬁmgﬁdmmbﬂ%nggdﬂmﬂmnmb carry out

inverse transformn re ncy further

or vcesei ng D piang et BF hiEat PSR O HEY et 1 50 et
[0035]Parth@pbﬂ@c&ﬁb@dhmﬁmkﬁmhmméudeyﬁdﬁyﬁb&mnhﬁgdﬂ@ﬂdﬂnﬂ&dﬁﬂnﬂata t hat

i ncludes N.n channels of encoded audiq data.to form ded dat a t hat
el udes M EARRASHSoBkneIBaB Eas Ml G RBRineetsol Hy! EHOREHBUECB T ow
frequency efhegdisaie banigixmgiabedidify KARNEHERExiALdh®, sdat a, and m being the
nunber of |ow frequency effects channels in the decoded audio data. The

SySte”H6®ﬁE%]Seiﬁt%ﬂ%t&ﬂﬂﬂﬂﬁ&h&ﬁﬁ&&&%@kﬁnﬁ@&ﬂméo§&9&ﬂ&ﬁc%HBEMﬁ@e”‘COUD'ed
to the one or nore processors. The system’is to accept the audio data that

i ncl udes bl derwlsof Uy, hﬁnelrmlhrr@naelw nemreoaklian dhanneldemearrbaetihpyloan
encodi nga:'jrli %m&ﬂ@m‘%ﬂ&%@ﬂanﬂa% had aP&lL; 'tﬂaa dBés%%any'HélPEwé\fs@ channel s of

digital at a orm ng an pac frequency domal n exponent and
mant i ssa datraesfoganiag therfrdquency domain data and the applylng further processing on the one or

more identified non-contributing channels.

15 [0039] In some versions of the system embodiment, the accepted audio data are in the
form of a bitstream of frames of coded data, and the storage subsystem is configured with
instructions that when executed by one or more of the processors of the processing

system, cause decoding the accepted audio data.

[0040] Some versions of the system embodiment include one or more subsystems that are

20 networked via a network link, each subsystem including at least one processor.

[0041] In some embodiments in which A1, A2, A3, A4 or A5 is true, the determining
whether to apply frequency domain downmixing or time domain downmixing includes
determining if there is any transient pre-noise processing, and determining if any of the N
channels have a different block type such that frequency domain downmixing is applied

25 only for a block that has the same block type in the N channels, no transient pre-noise

processing, and M<N.

[0042] In some embodiments in which Al, A2, A3, A4 or A5 is true, and wherein the
transforming in the encoding method uses an overlapped-transform and the further
processing includes applying windowing and overlap-add operations to determine

30 sampled audio data, (i) applying frequency domain downmixing for the particular block

includes determining if downmixing for the previous block was by time domain



decode the accepted audi o data, including to: unpack and decode the
frequency domai n exponent and manti ssa data; determne transform

coef fi ci emnbO=20fviwmerhe unpacked and decoded frequency domairfSexiposisat and
manti ssa data; inverse transformthe frequency domain data and apply
further processing to determ ne sanpled audio data; and tinme 30donain
downm x at | east sone bl ocks of the determ ned sanpl ed audi o data according

t o downm Xi R@yneatide bR, itthedmanaxils Nr i prb 8aRHIRREy by Ale dBRginand C5 is
true: WO 2011/102967PCT/ US2011/ 023533 [0036] A5 being that the decoding

i ncl udes del®@MmiHPHGPRIYBEKMS\OBRBCIO RIS ARIOT oW BpIINg IR A BeUeEPCdomai n
downmi Xi g @) T e gﬂ@:oﬁthfg QB bidi 13N Ede dybridpped &hE Y QA& @a @

particular block to apply frequency domai n downmxi ng, applying frequency
domai n downefithd pagtidudsr biokke apdifit)iappiyiae tibleglokainslopooeihBdr beimtiguladeckt he ti me
domai n downmj. x| Al ther 1, X1 e changed
From pr ovi o e b g o e ok PR R B B A

cr oss- f adi ndpwnoideg.endifriee drvowsxihgtie thedumnersblavy vaiaba fraqueneyi drenagdomai n
downm xi ng accor.din he, cro0ssf wnmi xin a ngd_i.f unchanged,
direct 1y Ui REALRRP RSl RETS BER RO P R R st ana 1o
100381C5 bepragousttddcktwas noetyfoduéenetg | dodeén doheuntikibhyi ng one or nore

non-contri buti ng channels of the N.n input channels, a non-contributing

channel heoa3p a 1sbann@hbddiadntdiaeshidhall, BanB 3, iBAWrB5tiowrhd) et Msevehaanel s, and
that the nethod does not carry out inverse transform ng the frequency
domai n 'dat aPTAFFESY F?éls%fb?fh?ffa viiRiin g H%trm%‘ﬂq?é LY Wele RelTusHean pirltiptrdata

identified Q@AsieRNSSEPIHEing ReavEhsirucdéns] HAIR dile 8QHB Y& Shikkg of the
system enbodi nent, the accepted audio data are in the formof a bitstream

of franes oRclEgYaEENIiRL ECORRIIYHENSANG ge 08¢ BSIS PRENTIEOTE BT RIGEASEUS- i t h
instructions that when executed by one or nore of the processors of the
processi 1¢P4dy st dnporeaesoddeatdindudhHel . §2cept(ddraizds sud athand 10646 Some

versions of LA S%sh &&%EP ol rﬁ%B]é/ini Q&Jtﬁég ?&8{%@1{# fare ol & TUPSY &I‘l Al hat are
20net wor kedt via a neﬁwor §5 rﬁlk acéh su ystentinc udi ng at | east one
processér. fr@0didyleffeschmnelrbaticneot sinisomvbrmiohlinAénts iRZyhidd; isAdieothe AS is true,
the determ Al ata that includes encoded blocks includes information that defines the
downmixing, and wherein the identifying one or more non-contributing channels uses the
information that defines the downmixing. Furthermore, in some embodiments in which C
is true, the identifying one or more non-contributing channels further includes identifying
20 whether one or more channels have an insignificant amount of content relative to one or
more other channels, wherein a channel has an insignificant amount of content relative to
another channel if its energy or absolute level is at least 15 dB below that of the other
channel. For some cases, a channel has an insignificant amount of content relative to
another channel if its energy or absolute level is at least 18 dB below that of the other
25 channel, while for other applications, a channel has an insignificant amount of content

relative to another channel if its energy or absolute level is at least 25 dB below that of

the other channel.

[0045] In some embodiments the encoded audio data are encoded according to one of the
set of standards consisting of the AC-3 standard, the E-AC-3 standard, a standard
30 backwards compatible with the E-AC-3 standard, the MPEG-2 AAC standard, and the
HE-AAC standard.



whet her to apply frequency domai n downmi xi ng or time domai n downnbdng

i ncludes determning if there is any transient pre-noise processing, and
det er mi niwg 20f1/@mess70f the N channel s have a different biPaTRISLyIP®2356Eh t hat
frequency domain downm xing is applied 25only for a block that has the sane
bl ock type in the N channels, no transient pre-noise processing, and MN.
1004211 n sone enbodi nents in which Al, A2, A3, A4 or A5 is true, and

wher ei n tbmel r angt@rddMibdiRerdid ueeruﬁ@éiﬂuaﬂ uﬁ@e&ﬁ@@rrﬁﬁg% ﬁ@ encoding method
over | apped-transform and the further processing includes appﬁ}/l ng w ndow ng

and over | aplsauth QSEIRReT- GRS vt Be Frvier o Balvdisdpply@atandoping appl yi ng
f requency %ﬁ%&@%%@&%m@%d&é}ﬁn&%&bﬁ@mo QAtQCk includes determning if

downm xi ng for the previous was by t domai n downm xi ng and, if the

downi ni ﬁi&ﬁwLor ih 0 ‘?neP&E d%H tsbéf?ﬁeda%%omhet énrcrgdlg%g?rlhqﬁ% %gi"’ﬁ&" f%%n'?g% %ﬁp' yi ng

tinme do omai n e data
of the prevpaokisg b]lemdktatdi:aed uoshet@ecjneno@\denﬂammppdlemetnldntalnessddmdhfd data of the

particul ar bl ock, and in or a rticul ar
brock s 1 nbraaesoarubr R PP TR PRE e Bettarblk was by
frequency dasmintixidgwnm xi ng, and if the downm xing for the previous block
was by frequency domai n downm xi ng, processing the particular bl ock

di ff er entidoas} harpaldcutahemslRiRE i AGph Pite HINBoRE B nOMSOrRMQE Ksph@s fO@lredY
frequency donmai n downmi Xi ng. [0043TI n some enbodi nents in which Bl, B2, B3,

B4 or B5 i soltafyptegst Prgglar cwhedingats topspadaie of S10isBenaprsss: fiepEiehuct i on

set inghudes ,a{dneaM B & MGk 8r Wieh fn‘d?@)é %dl’f?"éiﬁghﬂ%hteco ERoPHIRATH MRS SSE)
conprising vector "I nstructions, omai n ovvnm xi ng i ncl udes

runni ng vecﬁf@ntherf?&lmaccieﬁ%wﬁoﬁnafé‘tdfll@ah@fe@ne of the one or nore x86
processors. [0044]In sone enbodinments in which C, C2, C3, ¢4 or C5is

true, n=1 aDdcoding asnercddedltstieaner se transform ng and applying further
processing are not carried out on the | ow 15frequency effect channel.
Fur t her njoa49] i n Idhodonashd diepeestst invenidn oh dScrigedtfoudecodingawlidiha hdat a t hat

I ncl udes enb Odg(gde ! O%lr( n t%%he%ﬁencfecﬁlkg% A% sE'la ar ofe{c% 1@%691{?%m xi ng,
and wherein y% one or nore nhon- ut| ng c annel’s uses the

i nf or maki onkE ma:s amibthe aa&BertA(% dmmﬂmﬂs@rm@scﬂmmuﬂneﬁﬂbme%dmmes dekevieishodi nent s

in which C str t.he ide 0 re non trij hannel s
ot mer ™ webbiah ol Ve oAt Bt [Ph R Pt QUL 2nE

i nsi gni fi cag)” RABWALB, WocGaadt &2, ek aﬂine\moi QetfNdArDABMBer@DNESN GBannel s,
wherein a chaanel has an i nsi %nl fi cant gt of cont relative to

Bnot her ahalant Wik Rk be ool yBatrar B G 320 e PdE be ow

that of thewdkReUot* denoted the period (“.””) in the actual Web address). The invention, however,

20 is not limited to decoding a bitstream encoded in E-AC-3, and may be applied to a
decoder and for decoding a bitstream encoded according to another coding method, and to
methods of such decoding, apparatuses to decode, systems that carry out such decoding,
to software that when executed cause one or more processors to carry out such decoding,
and/or to tangible storage media on which such software is stored. For example,

25 embodiments of the present invention are also applicable to decoding audio that has been
coded according to the MPEG-2 AAC (ISO/IEC 13818-7) and MPEG-4 Audio (ISO/IEC
14496-3) standards. The MPEG-4 Audio standard includes both High Efficiency AAC
version 1 (HE-AAC v1) and High Efficiency AAC version 2 (HE-AAC v2) coding,
referred to collectively as HE-AAC herein.

30 [0050] AC-3 and E-AC-3 are also known as DOLBY ® DIGITAL and DOLBY ®
DIGITAL PLUS. A version of HE-AAC incorporating some additional, compatible
improvements is also known as DOLBY ® PULSE. These are trademarks of Dolby
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channel . For sone cases, a channel has an insignificant anmount of content
relative to another channel if its energy or absolute level is at |east 18
dB bel ow whab1iiafozeshe ot her 25 channel, whil e for ot her papaiSe@aeisss, a
channel has an insignificant anmobunt of content relative to another channel
if its energy or absolute level is at |east 25 dB bel ow that of the other
channel . [0045] 1 n sone enbodi nents the encoded audi o data are encoded

accor di ng toeRerRf LicbRimatorfra@in2 i abishes 0@ flebdi@inféndolCinfGrad bst andar d,
the E- AC-3 standard, a standard 30backwards conpatible with thé E-AC 3

standard, tKESKPE@ O RNCTSIERHEHS- Tafl-1 heopauRikovish Ahdknd indjydes
2011/ 10296 7RG 20k LHP4:3p33 [0046] I n sone enmbodi ments of the invention,
the transformng in the encodi ng nmet hod uses an overl apped-transform and

t he furtherpr i. j ncl udes appl yi ng wi ndowi ng and overl ap- add
oper ati ons ?%?%%%%@ﬁ?%gwganpled audi o data. [0047] I n sone enbodi nents of

the i nV@%dsQﬂ 7€ (SRR INDnIRIMOchd RELH 86 thob OF MG kANE 1RPRGK k16 (BT adat a
related to the frequency domai n ‘exponent and mantissa data, the netadata

opti onal |y famdl abibmeeserstratiaeieonrsed astheldctiiss whenssiigins rpreehagloiode brab8e¥si ng and
to downmi xi chslog.%%]aﬁcﬂtgdtﬁg her ‘t?’ega éIHglt?éd%n B%)\gesg&g Yﬁoglscoe r?%%ie | Qs OF none

of these aspects, features, 0 ant ages. rticu ment's may
provi de onelngt, GyoixeAMThdMAaadewns othesalngeesal, 19 dermas viadersagpddo impeaor nor e

of whi ch J |, rent, .t r i i h fromthe
figures, gg%%??S%ﬁgﬁ%bxéﬁﬁggfégﬁ%J %@%@ﬁpéﬁég%d%%%§§ﬁ6gﬁ%gs8§ﬁéwpéam
[ 0049] BEnbodiembnl(d Opthetx36 aphacant isiubi@itbusamaoag destepaind betdbdobrconipated) ng audi o

t hat has been coded according to the Extque C—314F-AC-3 s%andard to a
Coded bl t St é}Se\%f.) as.a Igr%x/éng majong/ among servers and workstations. arge amount O

software supports the platform, including operating systems such as MS-DOS, Windows,

Linux, BSD, Solaris, and Mac OS X.

[0052] As used herein, the term x86 means an x86 processor instruction set architecture
15 that also supports a single instruction multiple data (SIMD) instruction set extension
(SSE). SSE is a single instruction multiple data (SIMD) instruction set extension to the
original x86 architecture introduced in 1999 in Intel’s Pentium III series processors, and

now common in x86 architectures made by many vendors.

AC-3 and E-AC-3 bitstreams

20 [0053] An AC-3 bitstream of a multi-channel audio signal is composed of frames,
representing a constant time interval of 1536 pulse code modulated (PCM) samples of the
audio signal across all coded channels. Up to five main channels and optionally a low
frequency effects (LFE) channel denoted “.1” are provided for, that is, up to 5.1 channels
of audio are provided for. Each frame has a fixed size, which depends only on sample rate

25 and coded data rate.

[0054] Briefly, AC-3 coding includes using an overlapped transform—the modified
discrete cosine transform (MDCT) with a Kaiser Bessel derived (KBD) window with
50% overlap—to convert time data to frequency data. The frequency data are
perceptually coded to compress the data to form a compressed bitstream of frames that
30 each includes coded audio data and metadata. Each AC-3 frame is an independent entity,
sharing no data with previous frames other than the transform overlap inherent in the

MDCT used to convert time data to frequency data.
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15E-AC-3 and the earlier AC-3 standards are described in detail in Advanced
Tel evi sion Systens Commttee, Inc., (ATSC), "Digital Audi o Conpression

St andar d WOQoB/10B96AC- 3)," Revi sion B, Docunment A/ 52B, PETIS2@ 1008553
retrieved 1 Decenber 2009 on the World Wde Wb of the Internet at

wwwrdot Aat scAdot Aor g/ st andar ds/ a 52bAdot Apdf, (where ~dot” denoted the
period (".") in the actual Wb address). The invention, however, 20is not

limted t[myéFCOdaltm& HegRintngtof BRAMARNS QERE althESASYR IndRRatity sREBSIAPId €d to a
decoder and tor decodin i tstream encoded accordi ng to another coding

ab
met hod, anoﬁtfeémriémaaéongfiéléh dhe detddiMgields gpsribg e steamgepiaygatiosy st ens
that carry iﬂH{ldiﬁ%‘Q}nﬁ@ﬁ%jgﬂfgrat& Qﬁﬁgérto‘f*@&%dw%%%l}\ﬂﬂ@ s&?éﬁﬂ?y&l&%[y&é%-e one or

nore processors to carry suc ecodi ng, or to tangl ble storage
medi a on whited elsments sidkerogae dsq svosERYr exycliqgdundrzgysiode) wbdsrgo iimemns alof t he

present o MEDLLENALR0ShER APRIG FRRLE hoy 186Rd Dty hot has been coded
4495 5) A1 un T8 AEEG S Ml ander el BoLi. a0, ET 11l ency

codi ng, r ef@ue@chahiel opAddecdaa Fhy ariso blodkoAdGs g eodk. swaioh OB0dodpkZ and
E-AC-3 are alsp known as DOLRY (r) DG TAL apd DOLBY (r). DI G TAL PLUS. A
version of JHRIARES; ‘?%‘88?‘“‘6&%&5%5%36%“%6% %‘E‘&“F‘r}t“%n‘Bi{? Plrae fsr?@P?f ments is
al so known @ghiPlEBYe(duph BhilibOonaihgs@erlieBlocRIMBIHk SeRéd ey qleabor at ori es
Li censi ng Corporation, the assignee of the present invention, and nmay be
regi st éFed FlackSne or nore jurisdictions. E-FAC-3 is conpatible with AC-3 and
i ncl udes additional functionality. The x86 architecture 5[0051] The term x86
i s commoP8p7lindeknsentionrlisyx dhpEeld Fdosategl at Kielepd phthe framgrkhis feeld alfeys t o a

fam |y of processqlndSthited tesc%trﬁfoq@éatu@%f @go@@?&@m Ad-Fhigrehace back

to the Intel” 8086 processor. The architecture en 1 nplenented in
processors for gvicoowpatiaesnissyigh as Intel, Cyrix, AVMD, VIA and nany others.
In general, the termis understood to inply a binary conpatibility with the
32-bit ineasslct ibACsEpre@fvet e AQB élanBAB8GupLOCe eSGLocfTadayraddfrear | y 2010),

the x86 archjtecture is .ubiquitous anpn eskt op and not ok .conputers, as
w1 adsa ool g R o s B e g PSP e SR RIE et
of sof t war exrsfppabloskd. MRis Rhalds@idtrankped dfdudig a0@es Atck BGasy Sihe s Ibpeh as

M5- DOS, W ndows, Linux, BSD, Solaris, and Mac OS X. [0052] As used herein,
the term x86hEANSHFr0EBcIidcs duidlan apdhaydiodaia.on set architecture 15t hat

al so supports a single instruction nmultiple data (SIM)) instruction set
ext ensi of0059] E-AC-3 allows for a significantly larger number of channels than AC-3’s 5.1, in

particular, E-AC-3 allows for the carriage of 6.1 and 7.1 audio common today, and for the

20 carriage of at least 13.1 channels to support, for example, future multichannel audio
sound tracks. The additional channels beyond 5.1 are obtained by associating the main
audio program bitstream with up to eight additional dependent substreams, all of which
are multiplexed into one E-AC-3 bitstream. This allows the main audio program to
convey the 5.1-channel format of AC-3, while the additional channel capacity comes

25 from the dependent bitstreams. This means that a 5.1-channel version and the various
conventional downmixes are always available and that matrix subtraction-induced coding

artifacts are eliminated by the use of a channel substitution process.

[0060] Multiple program support is also available through the ability to carry seven more
independent audio streams, each with possible associated dependent substreams, to

30 increase the channel carriage of each program beyond 5.1 channels.

12



(SSE). SSE is a single instruction multiple data (SIM)) instruction set
extension to the original x86 architecture introduced in 1999 in Intel's
Pent i um IWO 288ri0e%7pr ocessors, and now common i n x86 ar ehirtusetnoess3srade by
many vendors. AC-3 and E-AC-3 bitstreans 20[ 0053] An AC-3 bitstreamof a
mul ti-channel audio signal is conposed of franmes, representing a constant
time interval of 1536 pul se code nodul ated (PCM sanples of the audio

signal agogsp alAc-oQaed rehRAIMeISr ddlstben dakanpBidle jamnelnand optional ly a
| ow frequency effects (LIT) channel denoted ".1" are provided for, that is,

up to 5.1 cIAiTRERYY eile qudip draerial Brifviddelilqeompale iith Admd addes fixed si ze,
whi ch depengs, Qrhy, egaalé%ﬂkisn,riﬁxhﬁw@&mquﬁ%ﬁqn&lﬁﬁﬁomtc%dm%%ﬁﬁh@w.ef ly,
AC- 3 codi ng I ncl udpes usi ng an overl apped transformthe nodified discrete
cosi ne t r anstoding ¢iDORY b beendndeisekirorBdus ef AQErth vhaw (KED)bensfivedwsoani th 5 0

ck over %apt&l&Q%‘gg{atratEJ. Thiis $&4Borh ishépg]?sg@gﬁ?gﬁ%@d fiﬂé}ﬁankrtg%g&%mgat a are

perceptually co to conpress the rma conpressed bitstream of
frames t hatdag0edehudinny lades dgadedreaediwndation.anbhnoet ddatchcouplich AC- 3 frane

|5 an 1 ndengudent B! o SUARI0 IR IRiAnthA R BHOUS, [FARS o her than

t he transformover nheren conv me data to
frequenc a. WO 2011/ 102967PCT/ US2011/ 33 [ 0055] At. t he_begi nni ng of
each AC- %oq%ﬁjm I&F‘%dzl?‘ﬁ’eto © Qeyinect H‘l”ﬁgﬂ“&tl‘%ﬁ% t%ﬁ%w%féfll"ﬁéﬁﬁa (frP Ry

| nf or mat i onjatd, FEADS. usdsh@ ahptaB dytfl tradnk @Al SAHESGF bthonaReubiotssdnhg arfe
configuration, includi gg%sarrpl e rate, data rate, nunber of coded channels,

and sev8r al AQ{Rsudss, be MRCT axjib theapvsranming Kapes BessghderiugdsE BRIV EdRY: (cycl i ¢

redundancy ©a6@dd, ¥RsEaoReS sif kA By a QREndity BbAErREBHNM MO b ranenat the end,
that provide a neans of error detection. [0056]Wthin each franme are six

audi 0 bl ock¥indewxhnerepyeaapisdnge Hoscprmosiapppsomd PCdoddg Adhbtrerddst audi o

data. The audiohdatQeHEOMAINRS kMR b AADBWRIEH fifch B wkAURNLRth
coordi nates, exponénts, bit allocation paraneters, and mantissas. Data

sharing i s dtopyrsdhaheldrishcss preagnelo conehit thisix 2PiPentheient anyberestdedksi n Bl ock
L orabed e L g B R 1o
enbed pri vathes mortsedifrequensy @salstianns crmianddonith MtlionenkienaA@@orljubgizaeam f or
systemw de(\;d)%ﬂg Qllﬁ %éle%ﬂ've quantization (GAQ) to improve the coding efficiency for some

signals, e.g., “hard to code” signals. VQ is used to efficiently code frequency bands

requiring lower accuracies, while GAQ provides greater efficiency when higher accuracy

20 quantization is required.

[0063] Improved coding efficiency is also obtained through the use of channel coupling
with phase preservation. This method expands on AC-3’s channel coupling method of
using a high frequency mono composite channel which reconstitutes the high-frequency
portion of each channel on decoding. The addition of phase information and encoder-

25 controlled processing of spectral amplitude information sent in the bitstream improves the
fidelity of this process so that the mono composite channel can be extended to lower
frequencies than was previously possible. This decreases the effective bandwidth

encoded, and thus increases the coding efficiency.

[0064] E-AC-3 also includes spectral extension. Spectral extension includes replacing
30 upper frequency transform coefficients with lower frequency spectral segments translated
up in frequency. The spectral characteristics of the translated segments are matched to the

original through spectral modulation of the transform coefficients, and also through
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[ 0058] E- AC-3 preserves the AC-3 franme structure of six 256-coefficient
transforns, 15 while also allow ng for shorter franmes conposed of one,
two, and whnen/®as7coefficient transform bl ocks. '1'hi spemaiskes/oeises
transport of audio at data rates greater than 640 kbps. Each E-AC-3 frane

i ncl udes netadata and audi o data. [0059]E-AC-3 allows for a significantly

| ar ger nunber of channels than AC-3's 5.1, in particular, E-AC-3 allows for

the carri aggefiingtf IhARd ndiselcoAtpPdh i COANDE thRIAYS 10RB0rd@Endy h?ec%@ﬁa”i age of

at least 13.1 channels to support, for exanple, future mul ti channel audio
sound track¥$gM¥He additional channels beyond 5.1 are obtained by
associating the main audio programbitstrearn with up to eight additional
dependentl0868bst rfeals3 inelludieS@ﬂOWﬁliteltﬁnaY ffaetsl (LFP) éxeel.iThisos aneptEnAGingle

bi tstream qugr?el %hq?‘{‘é% (he ] g} PwhiLhd ﬁt@l&eﬁ (GRINEN Al RG gaslfje ghannel

format of itiona annel Capaclty cones romthe
dependent b+1t0311?r\ealnmespe'5hlloshmfmﬂrbsndm% charmeld - Tﬂeaxpneial LEF shannelafidw$ he vari ous
conventi on downmi xes t hat rix .

cobtract | orteh RS S i P o i R e 3 Fe it B8y Bl 0E of a channel
substituti osnarﬁalﬂs,&Sgs,.A(EOQﬁ@HIEUAACplse inihig A Bp ShAIOF T chaﬁnfﬂ.l so avail abl e
through the ability to carry seven nore i ndependent audi o streans,

each wi t hogeefsi bi&ad@ﬁﬁﬁﬂ't%ﬁﬂu@%ﬁ%ﬁﬂﬁ@ﬁucﬁé‘?&ﬁﬁ}eﬁﬁ@w dz;ts)m%éallmé aasg the
channel carriage of each program beyond channel s.

2011/ 10296 1PCTEUSIO 9P 0R3E39NY, dowtiPaldughei delowa relatlvely short transform
and sinple scalar quantization to perceptually code audio material. E-AC 3,
whil e dénpaACH decoding AC-3, provides inproved spectral resolution, inproved
quantlzatlon and i nproved coding. Wth E-AC3, coding efficiency has been
i ncreasedo8bm &P ARG dcpdst HPHI@WIF%#OH% FROHeHR KPP TIMeR anbecdSner  dat a

rates. Thi SpfeficyaeGRfRIch® 8 dniIBisHBssle, AR AV 8 rdnie it 888K hQefRRYErt time
data to frequency domain data, inproved quantization, enhanced channel

coupl i ng, sieed wps.ext ensi on, and a techni que called transient pre-noise
processing (I MP). [0062]1n addi tion to the overl apped transform MDCT to
convert t0068] dat/afitsostépr @qlbémy freime alignELemCT Bis usebveafindidatht iAte3 hybri d

transf g5m ( HIRrorL?a'ﬁo% %V%% e & 1rm1ng ttgdn ﬁlle%RCTQr?or detection words indicate
no errors. Once frame synchronization is found, the BSI data are unpacked to determine
important frame information such as the number of coded channels. One of the channels
may be an LFE channel. The number of coded channels is denoted N.n herein, where n is
the number of LFE channels, and N is the number of main channels. In currently used

20 coding standards, n=0 or 1. In the future, there may be cases where n>1

[0069] The next step in decoding is to unpack each of the six audio blocks. In order to
minimize the memory requirements of the output pulse code modulated data (PCM)
buffers, the audio blocks are unpacked one-at-a-time. At the end of each block period the
PCM results are, in many implementations, copied to output buffers, which for real-time

25 operation in a hardware decoder typically are double- or circularly buffered for direct

interrupt access by a digital-to-analog converter (DAC).

[0070] The AC-3 decoder audio block processing may be divided into two distinct stages,
referred to here as input and output processing. Input processing includes all bitstream
unpacking and coded channel manipulation. Output processing refers primarily to the

30 windowing and overlap-add stages of the inverse MDCT transform.
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10AHT includes the MDCT with the overl appi ng Kai ser Bessel derived (KBD)

wi ndow, followed, for stationary signals, by a secondary block transformin
t he for mwb 2a1mioewedi ndowed, non-overl apped '|'ype |1 di PCratse01cosisne
transform (Del). '"lbe AIl!" thus adds a second stage DCT after the existing
AC-3 MDCT/ KBD filterbank when audio with stationary characteristics is
present to convert the six 256-coefficient transform bl ocks 15into a single

1536- coefibdza ]rentm!fgycﬁgdn@lu&f@ﬁﬁa@ts&mla AekaubbNofinel 65 dhidneURREY
resolution. This increased freic&ﬁncy resolution is conbined with

6- di mensi ordnoigedtdr eqamindivy apindn3 (srgyleralees rpAPeroadrEp P Guawthzati on (GAQ
to inprove the COMLHAGES Bél,@fn%ﬁc}f?cf R NS PR 0@dd9R #eDitsfeath, with il Bupode”

signals. VQis used to efficiently code frequency bands requiring | ower
accur aci es, nophe¢degsadaNpMo By desofglowamenng # fdpeidetnay agdepin hisgerar Wil e acy
20quant i-zat | ' [P1 r ' L ;s al so

obt ai neg t hllfuglabghﬁtoﬁggﬁégéﬁ%?e%ggﬁﬁg?&gggg&%ay%ﬂ?%rg/;izla\g%’gf(g%{%drtvati on. This
nmet hod expadhdsnetn NAC-IBit $n gehanahdie nmobpl ¢fgtpretthontlof demiaddan ldrgh, f r equency

nNONO CONPOS| annel i ch reconstit s. the high- uenc ortion of
cach ohannel g PR IRG RSS! Sl EIRRRI ML e Ba bR BB B Ger
25cont r ol | eddgyr cppBsitings, of=0pedt mal bapgkibtewd davenfool in@iltd forursent i n t he
bitstreaminproves the fidelity of this process so that the nono conposite

channel qeor2be exdiemaad tHeQloh@wetind, hegileTeha®déh@an WasSarPinei@Lislhe possi bl e.
Thi s decreases the effective bandwi dth encoded, and thus increases. the

codi ng '8f f | WK E§anneln disng RIS B -4 § §i57E} RYEUNE Jhe FFY phannel dpfepion §pect r al

ext ensi on iJ&ﬁ!{ll#iﬁs%afd%@.'ﬁﬁ&,@ﬂson@d&&ﬁﬁiin%,rn‘éq} YRG0t haRs RFM ao8hihici ent s
with lower frequency spectral segnents translated up in frequency. The

spectral chiffagiaerdlstics of the translated segments are matched to the
original through spectral nodul ation of the transform coefficients, and
al so t hr deRyRI bl dildi hghows pstudprde hdfi Heingampions Has winin dxeedtal, caransit at ed | ower

frequency St&ﬁ%ﬁlgéﬁés%g&'ﬁﬁ%tp%cegsm%] E-AC-3 includes a | ow frequency effects
. [

(LEE) chann S 1s an optional single channel of Iimted (<120 Hz)

bandw dt ich is intended e r.eprod d at | evel 5+10 d ith
oot s daonhy Cdonf oigareie ot AU EERUFEVBEHE Sl sfbep ke hameirts e Do
hi gh sound fteassdib @ldceugth Sviich e cpll@ubilethafdietdromdiTaggloeneyatsiunds. O her
codi ng standards, AC- 3 and HE- AAC al so i nclude an optional LFE

I 9., .
channel . [ OW6BAS OgﬁﬁiaP?llB ek ¢ lidhivied datadpelydepsush domy g Hogudich V1agh | ow dat a
rates is theups® ifformation, exponents, and bit allocation parameters. The term "fixed data"
refers to the fact that the word sizes for these bitstream elements are known a priori, and

20 therefore a variable length decoding process is not required to recover such elements.

[0075] The exponents make up the single largest field in the fixed data region, as they
include all exponents from each coded channel. Depending on the coding mode, in AC-3,
there may be as many as one exponent per mantissa, up to 253 mantissas per channel.
Rather than unpack all of these exponents to local memory, many decoder

25 implementations save pointers to the exponent fields, and unpack them as they are

needed, one channel at a time.

[0076] Once the fixed data are unpacked, many known AC-3 decoders begin processing
each coded channel. First, the exponents for the given channel are unpacked from the
input frame. A bit allocation calculation is then typically performed, which takes the

30 exponents and bit allocation parameters and computes the word sizes for each packed
mantissa. The mantissas are then typically unpacked from the input frame. The mantissas

are scaled to provide appropriate dynamic range control, and if needed, to undo coupling
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transi ent pre-noi se processing, described further below 10AC 3 decoding
100671l n typical AC 3 decoder inplenentations, in order to keep nenory and
decoder |wDentyloewqui renents as small as possi bl e, eachPATAB20InaNS33 S
decoded in a series of nested |oops. [0068] A first step establishes frame
aligment. This involves finding the AGC3 15 synchronization wrd, and
then confirmng that the CRC error detection words indicate no errors. Once

frame synchsRpikigatah@theh Sedoptithed w&le%%bondﬁt& FidIg, MNRAGathni@Ongft er mne
i nportant frane information such as the nunber of coded channels. One of

t he channel ®npi{pdredeiermine mEEordilipmdd data, datgdn whateeallsd theonddlowriepmEl’s i s
denoted N. nanﬁ%ﬁeeﬂe&lts‘éﬁedo%nﬂnieﬁ 1ﬁt9ﬁler}tﬂﬁ%ﬁﬁa@ﬁo%ﬁ‘ﬁx%nﬁm%r%ubs@ﬁlg:n{\l is the

nunber of main channels. In currently used 20codi ng standards, n=0 or 1. In
t he future,ouhwpwcerapzbe cases mhere n>1 [ 0069] The next step in decoding is
to unpack each of the six audio blocks. In order to mnimze the nenory
requi r eagon73] of Ih Ismn@mtgdnnnenmﬁbfm ttre@dp)ommd tdralteciddid@ita chB@h) arbudifacked, t he

audi o bl ocks ar 0 of each bl ock period
The Pou oS TirLBGAARDE fSieSr ST Mo Bhu e a5 e B A s b Mot For o,

whi ch for rg@@mﬁnmﬁaQﬁm@emaommmmﬁnﬂﬁuhﬁtﬂma@Eqdﬁﬁoﬂﬁnmh&auﬁakpymﬂmeldouble-
or circularl uffered for interrupt acc a digital -to-anal og
conver tor (HHERM B tRs A BB e Som Do T ety be

di vi ded int&VﬁM@ﬂﬁtﬁbﬂ@&pwakﬁgﬁﬁmCqnwﬁﬁﬁ@M§ed to here as input and out put
processing. Input processing includes all bitstream unpacking and coded

channel;onggyispul aiok On oﬂﬁ%&%t POORBA PhNL th@&i%ﬁer@sr AL AL lMcaTuQn bhem3Owi ndowi ng
and overl ap-add stages of the inverse MDCT transform

2011/ 10296 7PCT/USREIL0 ROEIESB N EGF Vi size dpreapineantspn mﬁha&h@i@ Pesawosl t he
nunber of ngjQ al%léto%ﬁ1n%@%%?1%b%g?@ﬁ{atﬁ(¥]ﬂuf%‘?%%ﬂe P@Fclest HEIBEALEY AC- 3

decoder does not necessari nunber I nput mai n cﬁann S,
herein dendﬂEdZNimHWinhmsdbﬁeﬂw\WhéMbwﬂ@V¢@anFOMPMM1ﬂwgpuambyﬂn$ut not

”ecessa“'ym?ﬁigér\é.‘s&ﬁy Pk éoﬂ%‘m XA pr0%8(iirlef;lage%c€ﬁ1?et@lgbgncpltStream

wi th any 5nu chan s and uce an ar rary nunber M
Wl oﬁsoutmmkrdhamnmmsﬁaNmbeaﬂmHmdMaxgmmbmabyﬂmhanamnmhngeﬁmmuﬂpud

channels is d not ed |n channel s, and
e b MR R I 1 e B ATRE b Bl R eEBR0NE) 50 &0
. It my bgo@esd) atmldalltm:anhmeunmdked,mny hﬁ&nafmlhglroeatlons in the MDCT buffer are

typically written with zeros.

[0079] An inverse transform is performed, e.g., performed in-place in the MDCT buffer.
20 The output of this processing, the window domain data, can then be downmixed into the
appropriate downmix buffers according to downmix parameters, determined according to

metadata, e.g., fetched from pre-defined data according to metadata.

[0080] Once the input processing is completed and the downmix buffers have been fully

generated with window domain downmixed data, the decoder can perform the output

25 processing. For each output channel, a downmix buffer and its corresponding 128-sample
long half-block delay buffer are windowed and combined to produce 256 PCM output
samples. In a hardware sound system that includes a decoder and one or more DACs,
these samples are rounded to the DAC word width and copied to the output buffer. Once
this is done, half of the downmix buffer is then copied to its corresponding delay buffer,

30 providing the 50% overlap information necessary for proper reconstruction of the next

audio block.
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[0072] Note that in the downinipdng, not all of the coded channels are

i ncluded in the 10out put channels. For exanple, in a 5.1 to stereo downm X,
t he LFE cowermnaliopesor mati on is usually di scarded. Thus, PCh/Useom/0eisdmm xi ng,
n=1 and m=O, that is, there is no output | ,FE channel. [0073]FIG 1 shows
pseudocode 100 for instructions, that when executed. carry out a typical
AC- 3 decodi ng process. 15 [0074] I nput processing in AC-3 decoding typically
begi ns whenpiAtesdecsiiy unpacks the fixed audio block data, which is a
collection of paranmeters and flags |ocated at the begi nning of the audio

bl ock. Thoos1f i X edrtidalademnalitig®sofShcredehiffBenditn blcud a sistHoa bf peagimg agoupl i ng
i nformation, exponents, and hit allocation paraneters. The term"fi xed

at o et orIRERENE e P Rudiound ik uPDRB BT SERASEN i shPadhrbl sment s
are known aenpbde@habdio A, 201 MER-AT0T Quddo ¥Rbded R ®cORNYID - Tlatodid@dpraacess i s
not required to recover such elenents. [0075] The exponents nmake up the

si ngl e Par gaderny despdpdiagdip atahal ingludes M-m ghinpds Ofafkec?‘%éﬁu‘ihﬂd]ﬂ(?éldpfo

exponent s f&ameeab1.6R4¢hiGR37AAspu Dapandhdidnonintik@ecsc afbg mpde, in AC 3,
there may be as rra%%as one exponent per mantissa, up to 253 manti ssas per
1

channel . Rathaeiel (Mg ingdifaiee kowmnixge. Mrdsiadiedpomaitidet o | ocal nenory, many
decoder 25i npl enentati ons save pointers to the exponent fields, and unpack
t hem as t082] ar dhneeted indwles elvaptinglthcatudm daiarthat ifd @S NObenteheff | xed dat a

are unpackeg, JE%’AX?% ﬁ?t‘gﬁen{‘ét?ﬁ&g%t?’yetﬁgchﬁginggf%ith%dper%h Z%Leggocﬁr?ggl%:tﬁﬁcpt%gt channel .

: co
First, the exponen i'ven chan are e I nput

frame. 1A biihcladldso@atforonngadinganatvedapped tradsémmtly phanadlh f qigiral andieedhta,whi ch
takes the 3 ex.[I)loneCEt S, an bi t aél ocat | onW?ar mattersd nd dCf ut es, t he word
sizes for edCHPALKEGTHANTHELS “OIHEDIRHAY M sEE S then O%Ii“%éli“}y unpacked
from t he i npudking n@nHata Theed@nhd B&@sncgrdemaimalx pehehCang momiide dapphopri at e
dynami c ra(r;r([;le ont r ol I.f needed, to undo.coyél in oogerati on, and then

iy an ,
denonmi i ze 31‘%%’“8&%&%‘3? ng BPAERE (Platee O RIS BCHIORh SFGFIHIES™ € oput ed t o
det er m ne pineE-QVES bpdiagdeheth@tia, data in what is called the "w ndow donmain,"

15 [0083] Some embodiments described herein are designed to accept encoded audio data
encoded according to the E-AC-3 standard or according to a standard backwards

compatible with the E-AC-3 standard, and may include more than 5 coded main channels.

[0084] As will be described in more detail below, the method includes decoding the

accepted audio data, decoding including: unpacking the metadata and unpacking and

20 decoding the frequency domain exponent and mantissa data; determining transform
coefficients from the unpacked and decoded frequency domain exponent and mantissa
data; inverse transforming the frequency domain data; applying windowing and overlap-
add to determine sampled audio data; applying any required transient pre-noise
processing decoding according to the metadata related to transient pre-noise processing;

25 and, in the case M<N, downmixing according to downmixing data. The downmixing
includes testing whether the downmixing data are changed from previously used
downmixing data, and, if changed, applying cross-fading to determine cross-faded
downmixing data and downmixing according to the cross-faded downmixing data, and if

unchanged, directly downmixing according to the downmixing data.

30 [0085] In some embodiments of the present invention, the decoder uses at least one x86

processor that executes streaming single-instruction- multiple-data (SIMD) extensions
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and the results are downm xed into the appropriate downm x buffers for
subsequent out put processing. 5 [0077]1In sone inplenentations, the
exponent swbapittteede7ndi vi dual channel are unpacked into &CZAG2&1a0p3583 | ong
buffer, called the "MDCT buffer." These exponents are then grouped into as
many as 50 bands for bit allocation purposes. The nunber of exponents in
each band increases toward higher audio frequencies, roughly followi ng a

| ogar it hm csgizYin§ihRAoih Bl 1uiRg §L&oM AN RDEEHS Ol ShiéHenoldtnhéh hBADH Bmixkfd
100781For each of these bit allocation bands, the exponents and bit

al | ocat i on iPEHATEEINNE VEFIEr BIBFHSTIARTP A6 I map gt Be anaRInRre 830 RIBFESS-ze f or

each mantissa in that band. These word sizes are stored in a 24-sanple |ong
band buf fl@Q86] wi tlhs¢rhecmbpadesentdifithegpresgoanyatobdrdicnedes wpthod fR E-ACSquency

bi ns. Once ] ee cor ndi nti ssas
are unpacké%ﬁg?%ﬁ%ﬁﬁgbﬁﬁqu§¥%§ﬁﬁ%§%%9§$%égg ?Hgﬁﬁégg&%ég%sﬁﬁpgmt e band
15buf f es. TippEel menetthaaece, ar.einsastiagd mod thde pocena ldiffeasht Bycotidre cor r espondi ng
exponent, and witten, e Q. itten jn-place back intq the MDCT buffer.

A berali pmrdhonlslERn man e tEo beE0 IATRURSS gl Bt ol any

remai ni ng | @e@tdnedsitd Nset befrdvdDed diebde(FERY) epdryting,andl ¥ ssvolf bickrenwdédodZ er 0s.
100791An in e transformis perforned,. e.g., rfornmed in-place in the
NDCT buf f er LD gPapii s At e ir S el ensisttivgnd foratt pREUAHBHITRE dat &, can
then be dowmphok@th dndldecddi frRmep Hbakie edNBiiaXd BidhEse Sat@ECOMGhd @ ah0 downmi X
paranmeters, determ ned according to inetadata, e.g., fetched from

pr e- def'Pned Azt Eadortiisigrnt gtanapackst and desedsg fesHpdicy Aamaip sEROnEHdedssi ng i s

conpl et ed afighiisHe1a6OWF HR IS mBUhfl eV EbEB nbink e cABAETRIAGK-Wd h Wi ndow
domai n downm xed data, the decoder can perform the output 25processing. For

each out putdeepigriperations iprdydericlerpumeer herensipan eesi i daso HPiY rAPErRERpl e | ong
hal - bl ock gehaymBiaf BhsBfin coMHRINE SN fs GHIBWREAnG evefffaﬁ.ga&spe%%nﬁﬂ\/l out put

sanples. In a hardware sound system that™ i ncludes a decoder and one or nore
DACs, t heseapplinsl g reguged Bamgabre-goishprofaangdecddng cingd apiring dpvendixing t he

out put .buff.er L.Srad ] is then copied
to its1gorHggEG%gﬁﬁg%ggﬁgyaﬁﬁﬁgggﬁng%%$%éfé@ﬁaﬂgﬁgygégoo%%?I%p i nformation

necessar proper reconstruction of the next.audi o block. E-AC-3
Gecodt ng 7058k SRR ealFERREsbht AR L bR Frd Bt B R B A s e a
met hod of opetiahisogngmsaudibns Wacdde kexdcated ¢ oteorandt prodadksarsbhat i ncl udes a
nunber, denoted . N.n of channel s of. encoded audi o dat an E-AC 3

a, - Y.,
audi o decoddPErUMEIREEH A ORI BHOGICHg FETi 4EcOaie of aaio adt

includes N.n channels of encoded audio data, to form decoded audio data that includes

20 M.m channels of decoded audio, M>1. In today’s standards, n=0 or 1 and m=0 or 1, but
the invention is not so limited. The instructions include instructions that when executed
cause accepting the audio data that includes N.n channels of encoded audio data encoded
by an encoding method, e.g., AC-3 or E-AC-3. The instructions further include

instructions that when executed cause decoding the accepted audio data.

25 [0088] In some such embodiments, the accepted audio data are in the form of an AC-3 or
E-AC-3 bitstream of frames of coded data. The instructions that when executed cause
decoding the accepted audio data are partitioned into a set of reusable modules of
instructions, including a front-end decode (FED) module, and a back-end decode (BED)
module. The front-end decode module including instructions that when executed cause

30 carrying out the unpacking and decoding the frequency domain exponent and mantissa
data of a frame of the bitstream into unpacked and decoded frequency domain exponent

and mantissa data for the frame, and the frame’s accompanying metadata. The back-end
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5t of orm decoded audi o data that includes M m channels of decoded audi o, n=0
or I, meO or 1, and Mr1. n=1 indicates an input LIT channel, nel indicates
an out putwOBRi icteagsnel . M<N i ndi cat es downm xi ng, M>N i n@CTAISeE LORIFBXI Ng.

[ 0082] The net hod i ncl udes accepting the audio data that includes N n
channel s of encoded audi o data, encoding by the encoding nethod, e.g., by
an encodi ng net hod that 10i ncl udes transform ng using an

over | apped- decaRshQium iht16RAN 8IS i6hs HhGiHedlex@UlE Cadati@ernfidhgibnge and packi ng
frequency domai n exponent and mantissa data, and form ng and packi ng

met adat a r elraelesm cocttigients, ipgire deyslererg. ApRYpo EWe viandarlaggdd dat a, the

met adat a opgjePRBhd, Yprif16d MA DS TB L ARAR pleSloAL Sfhct Qink BRI RN nd By [ S€
processing, e.g., by an E-AC 3 encodi ng nmethod. 15°[0083]Sone eibodi nents
descri bed héavainnxiag o tHeeisg Hedthers agcfewpt ouamit dhade]sithdn mpuetodedethevitdsd
according to the E-AC-3 standard or according to a standard backwards
conpat i bl[@0ss] t h Hitie. 2A-A0-sBostimsid@tified Hock dimyanm fiohs denadifferenhdnodr coded mai n
channel s. [00

4 wi.l | be described in nore detail bel gw met hod
el udes. doeBiRHE PRk e el RN S St Stifhgn PRI 20 packi ng
t he met adatshoand siuiplisiekblogk dindad Odecodnpy K-he -3 deqdenoy fda®s or Bxygonent and
mant i ssa dat a; term ni transformcoeffjcients fromthe unpacked and
Gocoded T r obiiits. st o Cub e Sivhe Re PGS o rons BB IRAERST or i ng
the frequengyckdpimim isdt e s@iPhsyd BlgcWrRGavdng, BOduaektrap1@adaheundet er m ne
sanpl ed audi o datab app%%jng any required transient pre-noise processing

decodi 1§ act@idiahy e P OnBtiutiae Foretrdiecrde ST ARtV 1 ghat Ivfgingept

processi ng; A@3aRd AL dfigesGASH M pugﬁw%ﬁfrﬂﬁe,%ﬁ&ﬂ(ﬂi.g%tHeQra@Qan Xing
data. The downm xing includes testing whether the downm xing data are
changed f r olstpdasandilseaplingsd ghedsmpeng audinglagide Arequgnay derpaie peneged andippl yi ng

cr oss- f adi ng,fQs.Afte DEEJA: H10%S A AR 2 SRWRL ¥EDGe ARLD) AR dNAX] Ng
according to the cross-faded downm xi ng data, and if unchanged, directly

downmi xi ng ety ¢ frgaueacyt dvenagosmaionl aiyl detiasa B0 OOBS foa-gdiecakbodi nent s
of the gresgnf,l f@ﬁ%ﬁ'd@({&degipﬁ) u‘l’ll‘%é}@?i%a&héﬁ%f P%Meﬁlg%tda&”e x86 processor that

executes streamng single-instruction- nulti ata (SIM)) extensions
(SSE) in % tions, includin ector instructi . dn such ngo%i nts, the
downi ni xINGOT el HBSE  PIIRAIRE L/ AETS sl p ABF SRt Do daf TBREDH t ne one
or nore x86degpsdearsiti s a design choice, not a necessary partitioning. Such partitioning does

provide benefits of having common modules in several alternate configurations. The FED

module can be commeon to such alternate configurations, and many configurations have in

20 common the unpacking of the frame’s metadata and decoding of the frame’s audio data to

frequency domain exponent and mantissa data as carried out by an FED module.

[0091] As one example of an alternate configuration, FIG. 2B shows a simplified block
diagram of an E-AC-3 decoder/converter 210 for E-AC-3 coded 5.1 audio that both
decodes AC-3 or E-AC-3 coded 5.1 audio, and also converts an E-AC-3 coded frame of

25 up to 5.1 channels of audio to an AC-3 coded frame of up to 5.1 channels.
Decoder/converter 210 includes a front-end decode (FED) module 201 that accepts AC-3
or E-AC-3 frames and to carry out, frame by frame, unpacking of the frame’s metadata
and decoding of the frame’s audio data to frequency domain exponent and mantissa data.
Decoder/converter 210 also includes a back-end decode (BED) module 203 that is the

30 same as or similar to the BED module 203 of decoder 200, and that accepts the frequency
domain exponent and mantissa data from the front-end decode module 201 and decodes it

to up to 5.1 channels of PCM audio data. Decoder/converter 210 also includes a metadata
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100861l n sonme enbodi nents of the present invention, the decoding nethod for
E- AC-3 audio, which mght be AC-3 audio, is partitioned into nodul es of
oper at i orsot2hat10e®wn be Sapplied nore than once, i.e., | RESTASRII1ANLIFIFOr €
than once in different decoder inplenmentations. In the case of a nethod
t hat includes decoding, the decoding is partitioned into a set of front-end
decode (FED) operations, and a set of back-end decode (BED) operations. As

will be det@hl&: hehoweos e doh At nRada@H 8a@RAH BhdRABMolME hudinag unpacki ng
and decodi ng frequency donmai n exponent and manti ssa data of a frane of an

10AC- 3 or Ecapisthe freqicpeganah XPOrFAtKE AT dé@cfwweffméhﬂ@rﬂ@syod@o mai n
exponent ang,RMdiSsa t&'éHcédef tﬂé ades o /A8, fra%q)fh{??o 4§ eBnds éﬁeﬁﬁf&%&y ing

met acl ata. The back-end decode operations include determ ning of

t ransf or m ctyap st Gan e napipems daty rasnafogh kbrsgostilde sethe(mned tr ansf or m
coefficients, applying windowi ng and overl ap-add operations, applying any
requi r ed [0092hSi exstonp eeanmoe sfmnpnﬂteme@sbmfggucbe]omcﬁlﬁgzc almdvsapphghfreg bbolvnm xi ng

15in the case there wer, Q ut chan t ha nels in the

ot ot roam TOBHITESHE St S oot 8 N S G RRE SR e
conputer-r e@dabduﬁhcsdrﬂraageo oeddaim BAOK3 agled Naine UCtip OS] dHaaielsdiandioxecut ed by
one or nore C ors of rocessi.ng systemcause.the ocessi system
00 car 1y oupRadtadn MR Bt MRl Tra 7 Pt o N RS OF S e neoded
audi o dat a,anHQdeanﬁéB tﬁ@ﬁ"ﬁlﬁ&(hnalﬂﬁhl@ tghat and fratiddsned Ldes @ dpréptiacitasipel s of

decoded audi o, In today's standards, n=0 or 1 and m=0 or 1, but the
i nventi'8n |§1dﬁ18?0d§’bel‘?fl“?ﬁtst tIe‘bI&l typigal 1@&?%6@@?%‘]@? indledes gBe orivere BE’P?S&% t hat

when executggd n@e@lﬂﬁﬁrﬁﬁlﬁ@t{)ﬁnbtﬂﬁt@&eﬂ@é{gﬂe@tlﬂ@%ﬁeﬂé%@éutéd%héé@%%qh’g Bupanel s of
encoded audi o data encoded by an encodi ng neth g or E-AC-3. The

i nst ruct i on&ngtignpliepf ihaaiodeles. npdtinigims remsortRie mepnddesedsasiulatise decodi ng
the accept egd, @R Aahdns 8P1 PRB3LY Hec%@@ﬁo&%f@ Hlagﬁp%ﬂﬁgtlﬁ sombe accept ed

audio data are in the formof an AC-3 or bitstréam of frames of
coded dat a.cmttpdinanstaf ge Er AnS depeger, mﬁeﬂﬁlem%&tnédur@aa@éﬁmamraﬁ@ frae accept ed

Pl ai g a7 FoR@nlldt! Q0ARPN Pl Athe Bl GLRLTAR pRWIREHY SSnfllon iSRS ) 0N
nmodul e. Thetofbe osid-ie maicde gloaientermgld neenicatiohy iTIC&@G shews aeinipbified blhedt when
execut ed Ca&{%%%m%ga 8& rl\xplgl Oé‘% %I‘Ehlleef)tlillpeoslpr !aﬁz)lg%r P%’PFEI%?m%]goft abl 10 a?aquency

domai n expon and man i'ssa ane of ream i nto unpacked
and decodedIfx 2Qubmeya dopificd béoohaigrim afids. Meabilasa0 dahaudhoncitaufer ame, and

t he frane' tada a. The back-e u ncl udi ng
ot ruct  orREPHE RN SRRER" Bandd B REhTER ToRER ik or m

coef f i @oent @oduld 43, 5l dwaamﬁ@dmmoaﬂ)qnw mgestEDQw B@Daﬁ@ﬂumgeaﬂ Bp- add

oper ati ons, qui r S|en e- noj se ng decodi ng,
and applylﬁﬁmﬁﬁﬁﬁﬂﬁ%QWﬁélﬁﬁ) %5& ﬁ%‘w%HQL%mﬁpgmﬁﬁ ?%ut channel s

t han i nput coded channels. 5[ 0089] FI GS. 2A-2D show in S|an|f|ed bl ock

di agr am flA9E sdirpraing fallent dh%@a@@ intgRRiguingbronedtindt] krandedbant ageousl y

use one or Jmy & .6 RIIPhIERAN. @@ A€h Q%dea@raﬁlla%‘f‘ﬁ & i &theflé QQfQJn%Jﬁi di agram of
an exanpl e E- AC-3 decoder 200 for AC-3 or pCS coded 5.1 audio. O course

the use of deederagdulen]2gdiat agapin Aled erFiAég3 fremm @ék@carw @tmhﬁh agramis
not thessang, as ., g@aﬁggp% o Bl Qé&%ﬁm B&‘Qec'oé'ﬁl%%fthé E%EE oliRagh amount of

10audi o data. Deco I nc ront-en deco nodul e 201 t hat
i s to acceplreqa@ic3 domaif-cABRNY and megtissa dath ol hedrergyengutiom4in axpniyyt ahd ane,

unpacki ng S;La&tf%% Ja[a%@?ac%?ﬁgé @ﬂ%a%ﬁ%ggg&ggé’%w%%g%s d&el%}}q%%l%g%ﬁs% gudio data to

frequency domai n exponen 0 Includes a
back- end degods t¢ BE)BEDdedmeZM debraler 28 apl thattabepf the flugreosy dhowmii N exponent
and mantiss a)'; gr?étn?and n?egl]tltssre]ledagarf%% the rf] ntqf%%%g:ceode module 223 and to decode the data
30 to up to 5.1 channels of PCM audio data. Any dependent AC-3/E-AC3 coded frame of
additional channel data are provided to another front-end decode module 227 that is
similar to the other FED module, and so unpacks the frame’s metadata and decode the

frame’s audio data to frequency domain exponent and mantissa data. A back-end decode
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15nodul e 201 and decodes it to up to 5.1 channels of PCM audi o dat a.

[ 0090] The deconposition of the decoder into a front-end decode nodule and a
back- end wecod#ormwdul e i s a desi gn choi ce, not a necess&CY/(sariLioe3seni ng.
Such partitioning does provide benefits of having comon nodul es in several
alternate configurations. The FED nodul e can be common to such alternate
configurations, and many configurations have in 20conmmon the unpacki ng of

the frame' spomhaeatfaabd pdecti o FEbhgodulca™® afd RUREQIdRE &ud @ Pveguency
domai n exponent and nmantissa data as carried out by an FED nodul e. [0091] As

one exanpl edugfo difp Ajaperddittcaaldammelpu ARG ghanmpl@appes nages?3d 151699 fi ed bl ock

di agram of amphiAfe &IRUQEBHMPMY b &Kive RBD RS duks A pravia0dsed b1 1 audi o that
bot h decodes AC-3 or E-AC-3 coded 5.1 audio, and also converts an E-AC- 3

coded fr anechafnelsd PCMA8a.1 channel s of audio to an ACG-3 coded frame of up
to 5.1 channels. Decoder/converter 210 includes a front-end decode (FED)
nodul e 2000%hat [AheceptcsmACHBndrcofedA@ai8 chananes.cakngke™N>5capr therute 7.1 r anme by

frame, unpacki of .the fr 's netadata and decaodin f the fr s audio
it 1 o r e ehy et R o AT R e RGeS R R e o) R Fer 910
al so i ncl udganmeldumd kit lemd oftedepeielefiBRn)e dfeddddelal0B sohahreietmbbdimenis@rsane as or
simlar to tfﬁ]lg RFD nodul e 203 of decoder 200, and that. acﬁgepts t he
frequency dBffhf & porfaCBHE S ERPIYaa? (PR T ar IR e iBhPasiicdecode
modul e 201 afthcefadeseddtioh QhdpsthRtidnslar€ iedmbel & aflurbieoasidicpardal a.
Decoder/converter 210 also includes a netadata converter nodul e 205 t hat
conver t'8 nefesedermoduls: schad khameg! dé?ﬁ%d@dﬁﬁdﬂﬂl@l%ﬁr‘ﬁﬁﬁ?ﬁw%}%@ﬁ‘@%ﬂ e

frequency desmicRd ¢BaNQBIuleN A8l B3 andatiaidn @MbhdieeddrRMc eRdulerRde
nodul e 201 and to encode the data as an ACG-3 frane of up to 5.1 channels of

t
audi o dat a R¥rahy ddrlehemghdecee medulaningluias afifshd ¢ cimnelaseadspacdylsdBitbl e with
AC- 1 5[ 0092}, Q0BG *aRTRL geceinﬁggf @EC epalén, GARME! BHOAL bOfore Bl crafmchows a

sinplified block di agram of an” E-AC-3 decoder that decodes an AC 3 frame of
up to 5.1 cleaedeenedulsh fgrededresnsedivg dependantdmeolngewe dechgmbpdingns, thoded frame
of up t@ 7.. f I [ NCleu information
anal yze1gm3d1 éftgﬁg%q{l %dt% aufr?]a%gelé %rﬁ%ﬂ%@{ly%é? %dugén(gq?sgg%tﬁng P%{s’%tl ng frames and
frame typesexaadedoraoses demicking therthingseatndnipppatopr(Bal) diefdrfom eachGend tdecoder

el ements. In a typical | mentation that.inclt ne.o [ ocessors
and menory Laih Rl b LEIS AR b E PSRt PR aAS Cle PRl Ce

carryi ng oufromfend beoflarmetduprsstantiyticof artdreechamaliinepper mobtle pf mstruesib@sthatat i ons

of a front-end decode dul e mul tiple. instantjations of a back-end
Cocode. woau i bR SaTRT it Fioe 005 T bR i B Bt Rl 8RG8 S0,

t he BSl2ounpackiefidddcumcibdinaltd tormithe Napad aiaetkld sfaoeckibd baafr ont - end decode
nodul e to | ook at the BSI data. That provides for comon nodules to be used

in various Rlnieehdof opdraliReRNAELY/RSC-3Fdu dekbd&@Wperfersi NPl i fied bl ock
di agram of a decoder with such architecture suitable for up to 7.1 channels
of audi o [op@5h. Ffeecmbbdiskons de iavdibn fsiie thelbbackl adivapdcandeptodeerl decoder

2 o Sy SH 5 OSBRI 8 AT A o0
“associated,” with up to 5.1 channels each, to PCM audio, and in the case of conversion,
25 converts the main audio bitstream from E-AC-3 to AC-3, and in the case of decoding,
decodes the main bitstream and if present associated bitstream. The dual decoder

converter optionally mixes the two PCM outputs using mixing metadata extracted from

the associated audio bitstream.

[0096] One embodiment of the dual decoder converter carries out a method of operating a
30 decoder to carry out the processes included in decoding and/or converting the up to two
AC-3/E-AC-3 input bitstreams. Another embodiment is in the form of a tangible storage

medium having instructions, e.g., software instructions thereon, that when executed by
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20nodul e 243, and a back-end decode nodul e 245. These FED and BED nodul es
can be simlar in structure to FED and BED nodul es used in the architecture
of FIG 2€02p000¥eRet urning to FIG 2C, the frane informariuseoianadspze

nodul e 221 provides the data of an independent AC-3/E-AC3 coded franme of up
to 5.1 channels to a front-end decode nodul e 223 that accepts AC- 3 or
E-AC-3 franmes and to carry out, frame by 25franme, unpacking of the franme's
met adat a anche@eaREH p8cedord &8 ﬁé&gﬁig%yﬁaqs QuiBlR PréeliRAYRRG Yo SRRBILD

exponent and mantissa data. The frequency domai n exponent and manti ssa data
are accept efie ppcessesdrqiude én ¢reedipe andidspavensng thaup 0jtg0 a3 /EaMe 348P%r simi | ar
to the BED gpduw,g& 203 of decoder 200, and that accept the frequency donain
exponent and mantissa data fromthe front-end decode nodul e 223 and to
decode t ta 30t t : anneal-s, of - P ' «./Any dependent
AC- 3/ E- A@go gggdedé ‘%egﬂr‘?g&g%" Rta(%éllgetiggﬁgw gﬁ%ﬁ‘haéflggl%(?ggg\%ggﬁagﬁxded t o anot her
front - ead debcoeonodylsen2ffwlitiblainciuge sinmmbrasubt@npdnentotithe modEs modul e, and so
unpacks the frame's netadata and decode the frane's audio data to frequency
domai n exXgouspnt [Reoddradhy&tea: TRl @coddr-batkr@ndcahegade witideentdl® t hat
accepts the data from 1-ED r‘r&dglce 227 and to d%ﬁége the data to PCM audi o

data of any additi&Ka¥e AR P S AR EP pranngid)do PEMai 5 ysed to

conmbi ne the decodeggfdi@cdnv@Mnt Mpul BIBRELH H¥E IBED-IMRAUt-8STHQIeRsRY de up to
7.1 channels of PCM data. 5[0094]1f there are nore than 5 coded nain

channel's, i.e., ca¥@visshaghige maprwpeongrogents, n¢EAdHPREReIcsIPodiRgnc oded

bi t stregm i ncl udes, gnnbRPgRatdeRtbdve 2R Rin WhcdBpretts@RIed channel s and at

| east one dependent frame of coded data. In software enbodinents for such a
case, € GoogoPMOi MeRt G SRR bte A1 GO MBULE T L AANARL GrIPAUMy fipt stores
instructions for execution, the instructions are arranged as a plurality of
5.1 channel 10decodedemvdab ésme ebahAG-31E-alahbigirede codevwnibadmbeyidoolindi ng a
respective instantiation agaﬁi i[Sront-end dec‘%ﬁe nodul e and a respective

instantiation of a bAME &hy HEESGE MBI M 8%l ural ity of 5.1 channel

execut od O8RS decolpiyor] otcte: e bfDRRBRIF eapar e G WRR“BFVAibre of ner

channelisdecode nmodul esmpiet (1@a64 of &S Pe&IIE YR cEke BRDWedhitffed B thed FEISOME such
enbodi nents, the 15instructions include a frame information anal yze nodul e

of instructions that MAHER- 18pagigrlag thedtidmodinp dedervight shdicafaia (Gt madjssa

Information (BSI) fi gﬁ&%@gﬂﬁﬁgm)ﬁﬁ@p@wagdjﬂﬁmi fy the frames and frane
types and provides the identified franes to the appropriate front-end
decoder i nst amt j.aldl | nstructions
hat anett B0t ut od. anaUr b theodl A8 HEHRaR i BRERR R R AT Gat o
fromrespective 20backecend adacottainydddifagmetusing sixildcheoNudmidatadhvanthel s of

decoded,data. A met hofnfof, QRELAT ERGuANAE Rafo ASarbullalndeSOdRl, gonverter.

synchronize, resolve and convert E-AC-3 metadata to Dolby Digital

metadata using an included metadata converter module.

[00102] 5.1 Decoder: The 5.1 decoder module is configured when executed to decode an
AC-3/E-AC-3 input bitstream (up to 5.1 channels) to PCM audio. The 5.1
25 decoder also optionally outputs mixing metadata for use by an external
application to mix two AC-3/E-AC-3 bitstreams. The decoder module includes
two main subcomponents: an FED module as described herein above and a
BED module as described herein above. A block diagram of an example 5.1

decoder is shown in FIG. 2D.
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[ 0095] One enbodi ment of the invention is in the formof a dual decoder
converter (DDC) that decodes two AC- 31E-AC-3 input bitstreans, designated
as "mai n"warndit/mgsoci ated,” with up to 5.1 channel s eaclrCTius2R@R3s63i 0, and
in the case of conversion, 25converts the nmain audio bitstreamfrom E- AC 3
to AC-3, and in the case of decoding, decodes the main bitstreamand if
present associ ated bitstream The dual decoder converter optionally m xes

the two MEdfogut Mehme MioHadonX TRIARE AtGhALSXHbAML RohiRdMRndgS&ARIAt ed
audi o bitstream [0096] One enbodi nent of the dual decoder converter carries

out a method of opematst ayAL-3/Ba e detrennd Bnnsgl tybitsirean HéorprbedseBCi ncl uded
i n decodi ng and/ 0rch%&@ﬁé%éﬁéxﬂﬁ?w%etf&rﬁe%&)X&‘pr"tﬁé§&;§eﬁﬁ§§mb&9lﬂ bi tstreans.

Anot her enbodinment Is 1n the formof a tangible storage nedi um havi ng

| nstr “Cfn'S&ﬂ%zn ©-glitrer HRLCHRIS: fh@%hffé‘r.‘:&e%é%{sb?or{ B‘Sﬁu‘?gé‘oméiﬁ‘sa&%‘é’f‘ﬁ.%@%‘ Ggyted by

one or re processors of a processing system causes thé’ processing system
to carrg out the prOdésgesdeseagtiooechdifmedecdd mgfeanghrgionconverting the up to
two AC-3/E-AC-3 input hi tstrearns. [0097] One enbodi nent of the AC 3/ E-AC- 3

dual decqgeEosE orsaaiplEratdednvertdr: F5¢REGPARIL SerteSMOBIOTs ophban ahacl ude common
subconponents. The mpdul es are: [0098] Decoder-converter: The

decoder - convert er {OSIBYREVGGP EFCWIEH EREERIE EHM YiTacgholAE 3/ E- AC- 3
input hitstrearn (up to 5.1 channels) to PCM audi o, and/or to convert the

i nput bi Q3106 mExtermalmixer:Ihe gxtamabBmixphigodideis gerianeb aykeandeuraghethr ee mai n

subconponentss, a”dex%aﬂedM&%{hﬁnﬁﬂiogg@%%%@anés%&ﬁe@ﬁﬂm& afil@ 2B
above. The main subconponents are: [0099] Front-end decode: e FED nodul e

i s conflogured, whenngxewputaddio progtat e mixinganeadfa sapplkdiBhEancridedi t st ream
into raw frequencyauq_iig](rﬁj)é?r Audio data and its acconpanyi ng netadat a.
[ 00100] Back- end decode: Ae BED is module is confi gured, when executed, to

15conpl ete the rest of the decode process that was initiated by the FED

modul e. | n Antead dacoderdpodss 4a5MIM e decodes the audio data (in mantissa
and expo onna i nt.o. PCM audj o data. [00101] Back-end encode: The
back- end r@ﬂédﬂe n@ﬁE{?Peéequde%(g%ﬂﬂoéﬁiﬁélﬁfo%%%i accor%“ng%O (‘Z\l&§ Ve’ ahd

according to E-AC-3 additional decoding aspects, including decoding AHT data for

15 stationary signals, E-AC-3"s enhanced channel coupling, and spectral extension.

[00108] In the case of an embodiment in the form of a tangible storage medium, the front-
end decode module comprises software instructions stored in a tangible storage medium
that when executed by one or more processors of a processing system, cause the actions
described in the details provided herein for the operation of the front-end decode module.

20 In a hardware implementation, the front-end decode module includes elements that are
configured in operation to carry out the actions described in the details provided herein

for the operation of the front-end decode module.

[00109] In AC-3 decoding, block-by-block decoding is possible. With E-AC-3, the first
audio block—audio block 0 of a frame includes the AHT mantissas of all 6 blocks.
25 Hence, block-by-block decoding typically is not used, but rather several blocks are
processed at once. The processing of actual data, however, is of course carried out on

each block.

[00110] In one embodiment, in order to use a uniform method of decoding/architecture of
a decoder regardless of whether the AHT is used, the FED module carries out, channel-
30 by-channel, two passes. A first pass includes unpacking metadata block-by-block and

saving pointers to where the packed exponent and mantissa data are stored, and a second
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executed to encode an AC-3 frane using six blocks of audio data fromthe
20FED. The back-end encode nodul e is al so configured, when executed, to
synchr oniwe,2orie®eteve and convert E-AC-3 netadata to Dol pgTiSgétak3saet adat a
usi ng an included netadata converter nodule. [00102] 5.1 Decoder: The 5.1
decoder nodul e is configured when executed to decode an AC- 3/ E-AC- 3 i nput
bitstrearn (up to 5.1 channels) to PCM audi 0. The 5.1 25decoder al so

optionally Qu Ruitdestshb g ARRH@s foQhe peRedkpaitnB6hE hARliss@PRAJ Cation to
mx two AC-3/E-AC-3 bitstreans. The decoder nodul e includes two nmain

subconponent®ackiie mpdespdingleapesnidad eraniisd dpfa canacldyohannghd a BED nodul e as
descri bed herein above. A block diagramof an exanple 5.1 decoder is shown
in FIG 209111] 00103] shewapesinipiffiod btk dingramhné ofi¢ @nteodimén phafro@rendodul e i s
configured uted. - 3/ F- AC- I its

bi t stream i%&%@n@%ﬁ%ﬁ%EAI@%H%[%%{%%{%&%%%?%%ag%dﬁﬂ%mgggﬁﬂggﬁ%grt of the
unpacki ag prxooesiscauses GBDPM4JceBirigf tebe desed oyt lGs 3 alkhehdwsfph@rdodes €ori pt or s

nodul e cont.ai ns . .AC-.3 - AC-3 and 5P uf fer descripti.ons and functions for
Dot rer ooor BBHAN i St et b qaCE G L P SRS et oovert o
nodul e i s optiudvoéde, fosinglneondsi fohe shcomheins @X &0 yhedrdne entpdang reodd@ audi o by
a factor of .t 00106 terpnal m xer: The external m xer nodule is

oot onal . e gy Bt Mo e e Gt EuaE tns TS, SHEF B o

pr ogr am andin@ficasSsaeingdethniActdi B (R4t gy ABTihOstActhRS hAgpLardeitput audi o program
using m xing inetadata supplied in the associated audi o program Front-end

decode ;gqgih 8 daSadfelt @Q&%%h&%d&l@ QBYineS B HEEadEe ce:?;%géﬁltiﬁg degRees data

according to AC-3's nethods, and according to E- AC 3 additi onal decodi ng
aspects, i ncl udi ngchdered i MegmapTnd proxideonsEEnRst) Brpgck ard dypedeqin apdinc- 3' s
enhanced channel cgupld B maﬂr)g:_gBEP_tA@_g vhXtghsi on. [00108]In the case of an

enbodi nent in the formof a tangible storage nedium the front-
[00113] Bit allocation: The bit allocation module provides instructions to calculate the

masking curve and calculate the bit allocation for coded data.

15 [00114] Bitstream operations: The bitstream operations module provides instructions for

unpacking data from an AC-3 or E-AC-3 bitstream.

[00115] Exponents: The exponents module defines structures for representing exponents
in memory and provides instructions configured when executed to unpack and

decode exponents from an AC-3 or E-AC-3 bitstream.

20 [00116] Exponents and mantissas: The exponents and mantissas module defines
structures for representing exponents and mantissas in memory and provides
instructions configured when executed to unpack and decode exponents and

mantissas from an AC-3 or E-AC-3 bitstream.

[00117] Matrixing: The matrixing module provides instructions configured when

25 executed to support dematrixing of matrixed channels.

[00118] Auxiliary data: The auxiliary data module defines auxiliary data structures used

in the FED module to carry out FED processing.

[00119] Mantissas: The mantissas module defines structures for representing mantissas in
memory and provides instructions configured when executed to unpack and

30 decode mantissas from an AC-3 or E-AC-3 bitstream.
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end decode nodul e conprises software instructions stored in a tangible
storage nedi umthat when executed by one or nore processors of a processing
system coa0el1tfteeeacti ons described in the details provipdedsh@nme3s3s or the
operation of the front-end decode nodule. 20 In a hardware inplenentation,
the front-end decode nodul e includes el enents that are configured in
operation to carry out the actions described in the details provided herein
for the qaRRef i Nuaplivé Rfbrid @Bhste: ﬂﬁmﬁmmlabfowdkmm&lm c'%gflgur&iacom ng,
bl ock- by-bl ock decoding is possible. Wth E-AC-3, the first audio

bl ock- audi 0 bl ock @hefexacutqddpunpagk prtbidesoderpdaptjve hybrirplinsogy daigfrog) 4n 6

bl ocks. 251 |ence,phl@§kiyaRl ock decoding typically is not used, but

r at her several bl ocks are processed at once. The processing of actual data,
however, i o I e_enbodi nent,
in order[ ezgﬂﬁil %@ni%%qﬁ9ﬁ$3$qgggg é%n 5Pgﬁhf (%8%%&%?@ ‘decoder
regardl ess of whet fudio firdnee iAlmeimbry mdmeddesmhmrutt&ﬁﬁ)cm@uteé whan exeested tt |

channel - 30by- channel as cklng met adat a
bl ockby- bl ock and it 1 SR EE R hih EbuPPRe s kN 2k IBRER ana
manti ssa data are stored, and a second pass incl udes usgeg t he saved

\n

poi nt er s [#¥2¢he Edﬁ'@R%"tS‘ c@?ﬂ&?ﬁeﬂ??ﬁﬁﬁ“ﬁﬁﬁ‘fﬁ@%&? ulg dgfiRgs AY°And decodi ng
exponent and mant i &ﬁ@séﬁaﬁgaﬁaﬁmhc&%@ 1ﬁ§'éﬁhlﬂﬁ‘él in ﬁl@&arlﬂahd bleided shows a
|

sinmplified bl ock diagram of one enb ment of a front-end decode nodul e,
e.g., inplemented A&TustiQwscopfigirViaBEKRPEY t@?@%ﬁﬂ%@ﬁ@%ﬁﬁﬁ@ﬂﬂf%t when

Sexecut;gd causes FER,RLQG88R] Om LA AQGS 6RfIAES bRé%feamFE&anc"ed%%mg hows
pseudocode for |nstruct|ons for a first pass of two-pass front-end decode

nmodul e 300, as wel ¢xterds padiiepebeyelifedn ap HsArddipaise Horoyifiag phasened pass of
two- pass front-endgf ggggggmgggple The FED nodul e includes the foll ow ng
nodul es, each inclu |ng I nstructions, sone such instructions being

deflnltl def i rugtures and par ters 112]
Channel : Qﬂ Lhannébe% YQma. ?H@%nl§98g uf@g‘(ﬂga?8%$‘m“mPn%8{a% audi o
channel in nenDrylﬁa&npm@mmﬂ¢$KMn®m&m¢MMnaﬁmtanﬂ@padhmamdwﬂem@de an audio

channel,_from an AC-3 qr C3 bit Bi cation: 'lbe bit
al | ocat'Pon nodul e PP8Y %5 ?ﬁ@??ﬁ‘ﬁ?%@gy%8£ '% %A?%£8WE§EPng curve and
calculate the bit allocation for coded data. 15 [00114] Bitstream

oper at i of®12¢he Shestsalextensionelhenspesial srFdsPR Mot Peyides PP EXispss 2l or

unpacki ng data from&RioAGeddRt ifFad¥eat-Bbligteh@am [00115] Exponents: The
exponents nDduIe defines structures for representing exponents in nenory

and pr ng&ﬁ EL%%% céag\eg %’r&%lﬁfé dMBER EXEGH BT bR UNREG Kol decode

exponent Itstream
channel in memory and provides instructions configured when executed to

20 unpack and decode a coupling channel from an AC-3 or E-AC-3 bitstream.

[00126] FIG. 4 shows a simplified data flow diagram for the operation of one embodiment
of the front-end decode module 300 of FIG. 3 that describes how the pseudocode and sub-
modules elements shown in FIG. 3 cooperate to carry out the functions of a front-end
decode module. By a functional element is meant an element that carries out a processing

25 function. Each such element may be a hardware element, or a processing system and a
storage medium that includes instructions that when executed carry out the function. A
bitstream unpacking functional element 403 accepts an AC-3/E-AC-3 frame and
generates bit allocation parameters for a standard and/or AHT bit allocation functional
element 405 that produces further data for the bitstream unpacking to ultimately generate

30 exponent and mantissa data for an included standard/enhanced decoupling functional

element 407. The functional element 407 generates exponent and mantissa data for an

25



20 [00116] Exponents and mantissas: The exponents and mantissas nodul e
defines structures for representing exponents and manti ssas in nenory and
provi des wogbrumeedsons confi gured when executed to unpackCans2adeneises
exponents and mantissas froman AC-3 or E-AC-3 bitstream [00117]
Mat ri xi ng: The matrbdng nodul e provides instructions configured when
25executed to support dematrixing of inatrixed channels. [00118] Auxiliary

data: The agXudddadtMadatng RS IdREAIIBS (At |oh@e[ng nd@fed rghduahar@s used in
the FED nodule to carry out FED processing [0011 Manti ssas: The nmanti ssas

nmodul e def i faiogplelpaegt €Y g’ea@ra%%p@%mmmammqa@sfagaq ifclhdadopsctahd provi des

I nstructi ong&QBh hgaR gfﬁ(ﬂ&ﬁ&la?él%eﬁt%lEcPcaHSP%ﬁ@%y%é’deégﬂé%ﬁ%%%teﬁﬁ%' ssas from
an AC-3 or E-AC-3 bitstream 20] aptive hybrid transform The AHT

modul e proVﬂd@@Mﬁh@@ﬁ@&&#ﬁﬁ@4tbwﬁﬂ@uﬁbaﬂmﬁémﬂ@xepv$§§Cpgﬁmmpéékiand decode
adapt : V%‘thyﬂhé Bkl NR5LPLIR @l{i‘é 1%8111; SRR ehFatolhl fste"xﬁ e Al s Audi 0

e audi o frame mdu efines structures represent|ng an 5audi o
frane i N mednor as vaahlchs pddvdmibsnpacist] audio ilams peramkiegane dudid bloclepaaudted. t o
unpack and decode an audio franme froman AC-3 or E-AC-3 bitstream [00122]
Enhanced[mnumirnﬁaﬂhgmemhaGGQMKnhaﬁhimgsmnuh&ad@ekﬁﬁaﬂoatmamﬁuﬁﬁs for

representi a anced. cou n nnel, i.n menory and OVI

ot uct ondCEarhT Bar s IHGH ety OO ACK i Burel R o c e
10coupl i ng shaongt- AU DRuE IiparBoddr, e Afst gasbmcaidéﬁmcl&ma@gsﬂ coupling
extends traditional coupling in an E-AC 3 bitstream by providing phase and

chaos i'Af or HETMPD, fasnpagking, ibg d lsme infr@atiqig by sBfbRIRCkiating “dibf i nes

structures f16¢k ¢ @BIRESNIIr BHIRRs ft Hafre P RG el QadBRRINYaROS aRd RY b4l@S
instructions configured when executed to 15unpack and decode an audi o bl ock

from an AC dapiclEpanie thihe prcked prproperts p4he misapan Blsawedt SRENAH: 2'The spect r al

ext ensi on WBQH&%dQ&Qﬂk%%§u&9ﬁﬂﬂ£&n£@&n§@$&&{ﬁkpﬁ%k@ﬁéh%@mQQQQQkQﬂe&n an
E- AC-3 bitstream Coupl i ng: The coupling nodul e defines structures

for represebi ﬁlﬂ@ata)rx:l@e@nwwﬁ@gi ansh hived op hit pkgealien. mantissasovdycheskippet.r uct i ons
configured when executed to 20unpack and decode a coupling channel from an
AC- 3 orsHoesB HWihe s¢avedpass [IGUQidHs &b Gbnﬁzgus:kjm]sen&xsdumdl iofdeeﬁiedlaetaaudfol ow
diagran1for h ratio odi nent  of the nd d de nodul e
30001 1 & o e B Pl RS EREC TS det B0 TLER HRE B i E ent <
shown in FHEmnﬁwkmgmehﬁkekﬁ@ng&&BM@G@&n&h&n&MhﬁMﬂ@@&n@fmﬁmﬁpﬁhmgﬁﬁd decode

g‘r) ggleg 'SI Eé g‘;pf)rlljerr]l?stp|01ntf?dl thcgrebeyr,ncaomputmg Igeaﬂocatlon ?oaﬁlng nﬁe sta\r/]e tpo?n%e':’rrt(l) Se%ckgcy ta

mantissas, and unpacking the mantissas pointed thereby. Decoding includes performing
20 standard and enhanced decoupling and generating the spectral extension band(s), and, in
order to be independent from other modules, transferring the resulting data into a
memory, e.2., a memory external to the internal memory of the pass so that the resulting
data can be accessed by other modules, e.g., the BED module. This memory, for
convenience, is called the “external” memory, although it may, as would be clear to those

25 skilled in the art, be part of a single memory structure used for all modules.

[00129] In some embodiments, for exponent unpacking, the exponents unpacked during
first pass are not saved in order to minimize memory transfers. If AHT is in use for a
channel, the exponents are unpacked from block 0 and copied to the other five blocks,
numbered 1 to 5. If AHT is not in use for a channel, pointers to packed exponents are

30 saved. If the channel exponent strategy is to reuse exponents, the exponents are unpacked

again using the saved pointers.
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25function. Each such el enent may be a hardware el enent, or a processing
system and a storage nediumthat includes instructions that when executed
carry outwoOheifwewsti on. A bitstream unpacki ng functi onalPCeltUsp®ni23563
accepts an AC-3/E-AC-3 franme and generates bit allocation parameters for a
standard and/or AHT bit allocation functional elenment 405 that produces
further data for the bitstream unpacking to ultimtely generate 30exponent

and nant Z@mo atia sdud erﬁ‘lﬂbdﬁﬁ&hé}ﬂﬁ@o@lﬁ%%ﬁ@ﬁﬁﬁ@@ﬁﬁg if@e apnl ik 0@ dfrnct i onal
el ement 407. The functional el ement 407 generates exponent and nanti ssa

data for anhf aepliseehapestetlsixdlags PhAL oRRlingshamehnanoss s wardkgd But  any
needed renmalifii Bgy dﬂ{éﬁre%&ﬁ%%éd%@éacﬁ LIGRA thA RS QEPEE AlfiRel X PBAGRL and

manti ssa data for an i ncfuded spectral extension decodi ng functional

el enent 41 luncorrdaied dithsutlt GipyhHice deldisepios thegpupiog ehannglhpoifgride thenal el enent s
407 to 411 - - I I i t functi onal
el enent 4}403%6%%%4&%%18%%% Qf&[@ g‘%ﬁgﬁ}etrsgﬁ? gcgﬁgﬁgllg%%dﬁ %g{oiafé hg%ﬁg&lgrftla S%}ﬁlé manti ssa
dat a as wel hamissaaddicaéhorhahnel thpiais k edupdeddihantfet mregipartdovkt er s and audi o bl ock
paranmeters. [00127] Referring in nore detail to the first pass and second
pass pseudopagieehl@ob niddale Hesigie first pass instructions are
configured, when executed to unpack netadata froman AC-3/E-AC-3 frane. In
parti cul §0013the The badk-gnasiscdda ¢BEHESodin@ROkemndve th @kBEkeqidend@iamt i on, and
unpacking the audi o frame infornation. Fqr. eac | ock, rting with block
0o bl ook SPpia gl iritiedaiant Frdealt i b Rl it 27 M Ebtrt "ana For
each channekendefedrkdit @rusé@elehied pagkedynampoagit®niprestibg ahd isidngam i s saved,
exponents are_unpacked, and the position in the bitstreamat which the
packed mantPe¥ss reside is saved. Bit allocation is conputed, and, based on

bit allocation, mantissas may be skipped. 15 [00128] The second pass
i nstruct i[HS2hr dn eand ¢raendaentsyierhigl de dioadendidgcqdie grngletsipsesgapingnigatda from a

frame to f %mtﬁ?arﬁa{ﬁﬁﬁlnﬁeg{e%g‘?llgzgglﬁﬁﬁ t&%%mafﬁgmgﬁf—g%egéﬁ&%roﬁ{ ﬁﬁ‘{ex)gﬁ(gg%\ﬂot h

bl ock 0, unpacking iInc g the save r to pac Xponent s,
and unpacki mgmetief g goneendmeshila thed3Hhepdiy uses blopkiby-hlpch fhmeg progesatng on,

| oadi ng .t hetoz‘fgéi?rgfiég);) S ardQueh f;)glgfgr feh R7@5ng 3B Pe %@g&gﬂﬁ%ﬁﬁtﬁe tﬂga”&”“ ssas

poi nt ed 't her ing 1 ncld periorm ng 20stan nced
cl ecoupl i ngowmd ofjda éoaitdindgnddnke, seecinstdrs fexh drsix@mabano(g)tp agrss, i n order to

be i ndepend&n th:rtdgaqm S transferring the resulting data into a

t fromo
menory, e.d. porzli(mgr%nr?lonrl%?ms)? ernaP™tet he internal menory of the pass so that

t he resultin’ data can he accessed. b t her. nodules, e.g., th ED nodul e.
This rrem!?‘!}'?glf or® r‘f@@rﬂ%ﬂ&‘@?o lgentan g‘)rf“rfg gl eg Haeee ﬁ%‘é‘f‘i’d’iﬂ t,lele Ei‘ftltzhough it
may, as wownd degde hRAllelcOmpiRs ofdmskinkh@dohsttdréi€inarthngid€stbakd mediu@ Si ngl e
menory structure used for all nodules. [00129] In sone enbodi nents, for

exponerf® unPAcKICA§rectise bE LPOPIERE PINSPAXR €h2 BIGFISHGE fYskat cipis eafdniot saved

in order togeQddHediZ@e BRER Provid RN for tﬂefopélatiénTintl% bk ¥sEadcBlic Bodfiannel ,
t he exponents are unpacked from block O and copied to the other five

bl ocks, nuniBarhagliwerg igipiemengatipg, thepback-epbdecpde mewuld ipeludeselearenis|that pSinters to
packed expogy ﬂ},nﬁe@{n%géﬂﬁ&}’ '%Qarr%('t)utttﬁbgﬁ:ﬁgm%ribg& Bane aiﬁ;p\fr/%&ghefeﬁl to reuse

exponents, the exponents are unpac again using the s poi nters.
for the operation of the back-end decode module.

25[00134] FIG. 5A shows a simplified block diagram of one embodiment of a back-end
decode module 500 implemented as a set of instructions stored in a memory that when
executed causes BED processing to be carried out. FIG. 5A also shows pseudocode for
instructions for the back-end decode module 500. The BED module 500 includes the

following modules, each including instructions, some such instructions being definitional:

30 [00135] Dynamic range control: The dynamic range control module provides

instructions, that when executed cause carrying out functions for controlling
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[00130] In sonic enbodinents, for coupling mantissa unpacking, if the AHT
is used for the coupling channel, all six blocks of AHT coupling channel
mant i ssaswereiwmopmecked i n bl ock 0, and dither regenerat @dTfuseolemeis3zhanne
that is a coupled channel to produce uncorrelated dither. If the Al IT is
not used for the coupling channel, pointers to the 5coupling manti ssas are
saved. These saved pointers are used to re-unpack the coupling mantissas
for each channel tfatydasi@rafQUR IRAILHRARBal, he RIS \@B iRb 946K ranBagkaand
decode nodul e design f00131] The back-end decode % ? nodul e i s operative
to take frequency Hohaigyaxpisriaie caePlmanti ssa data and to decode it to PCM
audi o data. The PCM audi o data are 10rendered based on user sel ected nodes,
dynami c fe®igel cdimpndeunche tangdodomadilx proyulesins@0082ihal whecwecundhodi ment s,
in which the front; %&‘edca ?%g%ﬁ tﬁ%%ﬁe BhRfERs ‘?%fd??d"l?”cta gﬁ&% oll tlh\%%@e data in a
menory we call it the nory separ at oMt I ng menory of
the froat-end I'TDdLﬂhledlfléd’l(ﬂlSCBEBCmi‘aﬁSfUﬁEﬁmb@t)kwhljth lcodks cfanang opr@eessi ng

wth the out put of MEET Fgnc- ekt i Se b TR S ey inb R Re G or nal

menory to access exponehlcamthghniny GsaDdAtuandfornp aatassamififdh3ddvelsa t he case
of an enbodi nent ig e .form of F& ngi bl e storage nedi um the back-end
decode rodul e conpiidEungdRpyig ructlons stored in a tangi bl e storage

medi um 20t hat when executed by one or nore processors of a proceSS|ng
system dIsél tﬁ@faa%%mmg-na'égem%?éwgr hhe Grasiqet Pag-PRISPPIESLSHRYASHRI n for the

operatign of the q&ﬁ%d&ﬂﬂmﬂﬁﬁﬁﬂﬂhﬂqgﬁh%mxh@d%mﬁ@EQﬂ%{ e IRdsRBREat i on, the
back-end decode nodul e includes elenments that are configured in operatlon

to carry out the atisegveccsiéteri bed in the details provided herein for the
operation of the back-end decode nodule. 25 [00134] FIG 5A shows a
simplifi ¢ed18Bbc Miiidag'r&tmm'Iapemhi dhbedidownind oferapadd knodwld witb cloldg bufifatul e 500

| mpl emrented as a sgh, Qs hOSLEYS!hANheR LRl DB AIRAR oy Ak gAeR, execut ed
causes BED process? o b CaPr e S0 Ei&.lgﬁ 8% Shols pseuﬁ%code for

i nstructions for thﬂmhamkﬂaﬂdkn@emdalmndmhﬁnﬁﬂﬁnmfhﬁmBEﬁhﬁndu&ﬁe500

i ncl udes the follomﬁngy (fule each including instructions, sonic such
i nst ruc®i ons bei ng &P H} %8% 30 [00135] Dynanic range control: The
dynam c range contr ol nndule(grOV|des instructions. that when executed

cause calfisfly cimemdgmai JiRY doynmixkhe Jill daygmix podels REvIdes SHUEOBY. t he

deC?deF si gnal, 'Wﬁhﬂﬂhﬂ@x&ﬂ&h%hﬁgcﬂﬁhﬂg&ﬁGQWBQHH%QQd@QBkMkﬁﬁnﬂ%na”‘C range
control.
needed to a fewer number of channels.

[00140] FIG. 6 shows a simplified data flow diagram for the operation of one embodiment

20 of the back-end decode module 500 of FIG. 5A that describes how the code and sub-
modules elements shown in FIG. 5A cooperate to carry out the functions of a back-end
decode module. A gain control functional element 603 accepts exponent and mantissa
data from the front-end decode module 300 and applies any required dynamic range
control, dialog normalization, and gain ranging according to metadata. The resulting

25 exponent and mantissa data are accepted by a denormalize mantissa by exponents
functional element 605 that generates the transform coefficients for inverse transforming.
An inverse transform functional element 607 applies the IMDCT to the transform
coefficients to generate time samples that are pre-windowing and overlap-add. Such pre
overlap-add time domain samples are called “pseudo-time domain” samples herein, and

30 these samples are in what is called herein the pseudo-time domain. These are accepted by
a windowing and overlap-add functional element 609 that generates PCM samples by

applying windowing and overlap-add operations to the pseudo-time domain samples. Any
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[00136] Transform The transform nodul e provides instructions, that when
executed cause carrying out the inverse transforns, including carrying out
an i nver s®02nudiotésed di screte cosi ne transform (I MDCT), pafiushoiiineisazies
canying out pre- rotation used for calculating the inverse DCT transform
carrying post-rotation used for calculating the inverse DCT transform and
determ ning the inverse fast Fourier transform (I FFT). [00137] Transient
pre-noi se PrRGeHTrHoiseiBcdsdiANS afflled By 8 wARLSR pRLRKR LG iHFdM iBnat Opr OVi des
instructions, that when executed cause carrying out transient pre- noise
processi ng. cl§roa 8Bl acppidge Bewdin | lhpreaifigd. eehdn iemtswaang odoayiteapeadd modul e
Wi th del ay Iléélfvl\;ﬁrf‘ng"gpo&rtpa\ﬁ'sigﬁ%ré-ﬁkﬁ&éﬂ%g%g&ﬁpcﬂ/l@%}ﬂ%%@ JENREHLER FaHSRFAr TYI NG

out the wi nd , e overlap/add operation to

r econst r uct Mawphentpw ahasinels of PO¥h samples Bea Dewnarefeopeipnalfapleas013f 00139] Ti ne
domain (TD) downm x: The TD downm x nodul e provides instructions, that when
execut ed [eH43E dafarynngaoubd FGeVIATithe meudotodeier thé BEDdonialeprasssveeded to a

f ewer nunber .of chann ) 4 Fl G shows a sinmplified.d fl.ow
G mor am § ovingifles COBMR R bOGE Bhaicthe e RRURA oIl b e BB 0™ it o
500 of FI G a @Anidhabmdesedidrha sndnony, ahe feadeh eatnd:wWpplymadul esuetéenment s shown
in FIG 5A O(F)I[gerate to qi'zrafﬁrg out the fungti.ons of a back-end cfiecode

i g

nodul e. A Edmse P RAM A URRANC 883 S8 At S IRp R

Hhd manti ssa

data from td@ofiadining andidecsdapsmdidle ¢dRfhitame naRpirneSe @id)nk Estuhveed dynami c
range control, dialog normalization, and gain rangi n(I:J according to

met adat18: ﬁf‘f’é‘sﬁoé‘gﬂgtqoﬁﬁu?%%‘plwﬁ toath‘atfﬁ%f g fligiapls I g@ccqspiiading a
denor mal i ZegdRpint dagples PIppBXROMBMWing HRCeRNRAIRIPBRROTEs (B8R phhiab-@ener ates the

transform coefficients tor inverse transform ng. An inverse transform
functi onal EIMEAFERMPEY72PRPHIC B URRCNf ROAIPise §TachBingrassding o rededats; aident s to

generate tiifRaRRligs dbRadh @hEmPiS WiRdRWHeEVARds QMEL,& l.aRmadds pSuch pre
overl ap-add tine domain sanples are called "pseudo-tinme donmai n" sanpl es

herein, andagPichese sanples are in what is called herein the pseudo-tine

domain. 'I'hese are accepted by a wi ndowi ng and overl ap-add functi onal

el enent154@@E 42hatEngedanatsad dROMngahgplem HH§. S picluda garvyimplowsud) gamd

over | ap-add, ARer alJ Q0510 tReRS ST TR o HYBL LA RTR) SRt ind
applying dynamic range control gain factors according to metadata. Performing such gain
adjustments at the stage that data are provided in mantissa and exponent form in the
frequency domain is advantageous. The gain changes may vary over time, and such gain

20 changes made in the frequency domain results in smooth cross-fades once the inverse

transform and windowing/overlap-add operations have occurred.

Transient Pre-Noise Processing

[00143] E-AC-3 encoding and decoding were designed to operate and provide better audio
quality at lower data rates than in AC-3. At lower data rates the audio quality of coded
25 audio can be negatively impacted, especially for relatively difficult-to-code, transient
material. This impact on audio quality is primarily due to the limited number of data bits
available to accurately code these types of signals. Coding artifacts of transients are
exhibited as a reduction in the definition of the transient signal as well as the “transient
pre-noise” artifact which smears audible noise throughout the encoding window due to

30 coding quantization errors.

[00144] As described above and in FIGS. 5 and 6, the BED provides for transient pre-

noise processing. E-AC-3 encoding includes transient pre-noise processing coding, to
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transi ent pre-noise processing is applied by a transient pre-noise
processi ng functional elenent 611 according to netadata. If specified,
e.g., In wbeonetwawat a or ot herwi se, the resulting post PCansz@Eni2izse- noi se
processi ng PCM sanpl es are downm xed to the nunber Mm of output channels of
PCM sanpl es by a Downm xi ng functional elenent 613. 5 [00141] Referring
again to FIG 5A, the pseudocode for the BED nodul e processing includes,
for each bl Qglce@anddh Bre-doi@RSTRMY Adn iR iNBRIL&SAARHASXPRRanRNL data for

bl ocks of a channel fromthe external nmenory, and, for each channel:

appl yi ng an§Ansigefisrcaerdsy RarpecinaniferneBREire Rudigpegmsgt Vidh #ieilq Paltif on, and gai n
rangi ng accQn@ifg i Qindlcadahadocalld PALIBIthZi- i B - hSiSAFnbYudiyRONENtS tO
generate thé transformcoefficients for inverse 10transformng; conputing
an | MDCT t oprodveserl uging fioe ivadiog fnitsisiene that is dpestonat iecipsseddshthard ivdmai n
Saml ess anRbK:Age A8 A AYSTLARAIHARRLEA NS LOThIR REELdO- L) e
domai n sanples; applying any transient pré&-noise pﬁbce33|ng according to
nmet adat a; avydthesi§ buffeq isi anelgizedtusimg addinadene doahrsrs ani ngxtnomt fimilaigrber M m of
out put chanpel s.of P les. .1 142].. Enbodi ts o i shown in
A'a 5a noe oD R R A b TR B R DR GRERELIG) Sobe
nor mal : zati mﬂimﬁﬁidﬂ@ta&mabe(rj@ﬁnsignttme-mm;ﬂ“ae @gng&sigecbzplpith m@rﬁtyasdalpﬁgth isange
control gain factars according to.netadata. .Pe rmng suc ain

st ment st B BEET e IERS B e P B il P i Pt ponent

f or m i not hendidegay pricito dRMBiation Sf tAdiranicage ehisie diRod@airihsitidamgasheaay vary
over tine, an&l such %ai.n Och.a{;lgﬁs mage j.n.the fre uence\l/H domai.n results in
smoot h cr os¥P5HEd aydigdnte fe origipalls eoded ape dain By yngitaadwt REr Wssr | ap- add
oper ati ons H3yesiAE eHe1EReh of thenisRAt pr&hdisdNainde dPneessi rédhct@Skédnbvdd; AC- 3
encodi ng and decodi ng were _desi gne to,ogerate and provide better audio
qual ity at V60N theese yhanddookisafichipg 8disblad: | ower data rates the audio
quality of coded 25audi o can be negatively inpacted, especially for

rel ati vell90146F f ile anq E+A6--¢ erkedertembadiment, tippgtsealing bynthilsis gndlygeand on audi o
quality.is i | - e, .M - j i le to
acour a8l y BOGEH X 1 RSl i B p oL B PPN o e
exhi bi t ed ad&tamimedurtdda@nniormdtive, defindidinphmefcdihgparaaeisiséHte witghtal as wel |
as the "transi pm noi.se’ artifact whic pear adi bl e noj t hr.oughout
the. encodi ngT AR HOSES Bt biroRG b AT SaM e BB 3Ry Rl

descri _bed mmvmn@nanéim hreta&Hita e awd_t@per_fdm tBEDlomam/prd@simg)mn the amﬁeht

D S PR SR oSS e RERE NS hOEL HAIGuckt ATRAARL ! Gl

20 at low data rates.

[00146] The E-AC-3 encoder performs time scaling synthesis analysis and determines time
scaling parameters, based on the audio content, for each detected transient. The time

scaling parameters are transmitted as additional metadata, along with the encoded audio

data.

25 [00147] At an E-AC-3 decoder, the optimal time scaling parameters provided in E-AC-3
metadata are accepted as part of accepted E-AC-3 metadata for use in transient pre-noise
processing. The decoder performs audio buffer splicing and cross- fading using the

transmitted time scaling parameters obtained from the E-AC-3 metadata.

[00148] By using the optimal time scaling information and applying it with the appropriate
30 cross-fading processing, the transient pre-noise introduced by low-bit rate audio coding

can be dramatically reduced or removed in the decoding.
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reduce transient pre-noise artifacts that nay be introduced when audio
containing transients is encoded by replacing the appropriate audi o segnent
wi t h audiwothat10e®s7synt hesi zed using the audi o | ocat ed pCirar2eia/oeises

transi ent pre-noise. The audio is processed using tine scaling synthesis so
that its duration is increased such that it is of S5appropriate length to
repl ace the audi o containing the transient pre-noise. The audio synthesis
buf fer i so028] yzi@ds, Uahdéht BRAU e PeROLiRNALNEHIS RELHoi TBXHTM Rl drahdiby
processing and then tinme scaled such that its duration is increased enough
to repl ace haenbelPwINMsreaPle bt Aigh! eoent rIRA Sipesnt prea1oHeiPEressiPge

synt hesi zed;,ahiiiOnsOfndiGERAKE Fhaln®MPE bub-BlokiS 8ayl QuefeP BRI AGENTHS dVepRBEENt Pre-
noi se and is cross-faded 1nto the existing transient pre- 10noi se | ust
prior to thenkigearé-oeiscofrogassng inginsiiens when exeuied igthe pase whereogersititingn f r om
the synthesized apdiRubilif, ) B8 Whdhngh bt S996d AR HALa, By using

transi ent pre-noise procesélng, the length of the transient pre-noi se can
be dranaticBII reduced or renoved, even for the case when bl ock-sw tching
is disabled.oPéGHﬂ@PIn one E-AC- 3 encoder enbodiment, time scaling

synt hesi is and. 15processi for, the transi €-noi s rgcessin
Thol e SRRl e RN N P GRERR Al biSebd AR A DA T,
e. g., incl uditeguinbaeof et éHagnddqhadietOsory.is tha @unbérad &8 chainek ndtidnoh id S
accepted by, the decoder along.with the encqded bitstre The transm tted
Cransi ont e dav wardin T adioeo THORTERRET FF Aot 5FbC8Bs| ng o
t he decodedchan@dis0DbAnBECROMN b dMEH@And1E OIEN ansp@iied By emP&iisents sttheduced by
|l ow bit-rate audi o coding 20at | ow data rates. [Q0146] The E-AC- 3 encoder

perforns tiRfESCREAYSIHEN-dyRIKES Plso BpepyRls-dn whigh geed i nes tinme scaling
paranmeters, based on the audio content, for each detected transient. The

time scallftigibarlanetets museecneahisplancattias apddidedodpambodineattas al ong with
the enCOde%ﬁfﬁwvgtoqﬁE&ie.aé(gla h?t%hlé?klc@%iesﬁig %gﬁﬁél% oggffcg&]e%raudffo taQ@t' mal tinme

scal ing paraneters provi ?a ata are accepted as part of
accept ed E-®&er® awdicaldatthat ingtudasM.ih ghannelp sf dagpdedragdinoind Mpk, sdégsiong. The
decoder, .perf or I 1 €. C - i [ .

transm P ed 0 npe g g haE AR SR AR AR e AP B RbER,
[00148] By thetasg MdNearmipicearaing ta areet sbdivinngxing € @ffia¢ntoin imhdedpphycasg it with
t he appropr%&kﬁ 30cross-fadi ng processing, the transient pre-noise

i ntroduced by Towbit rate audi o coding can be dramatically reduced or
renoved in the decoding. [Q0149] Thus, transient pre-noise processing

overw it es DieAUSHSY damajn vs- time dgiain doymmixine,
[00152] Downmixing can be done entirely in the frequency domain, prior to the inverse
20 transform, in the time domain after the inverse transform but, in the case of overlap-add
block processing prior to the windowing and overlap-add operations, or in the time

domain after the windowing and overlap-add operation.

[00153] Frequency domain (FD) downmixing is much more efficient than time domain
downmixing. Its efficiency stems, e.g., from the fact that any processing steps subsequent
25 to the downmixing step are only carried out on the remaining number of channels, which
is generally lower after the downmixing. Thus, the computational complexity of all
processing steps subsequent to the downmixing step is reduced by at least the ratio of

input channels to output channels.

[00154] As an example, consider a 5.0 channel to stereo downmix. In this case, the
30 computational complexity of any subsequent processing step will be reduced by

approximately a factor of 5/2 =2.5.
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that nost closely resenbles the original content. The transient pm noise
processing instructions, when executed, maintain a four-block delay buffer
for use iwocopyloesdr. The transient pre-noi se processi n@Crrskeoeisohs, when
executed, in the case where overwiting 5occurs, cause performng a cross
fade in and out on overwitten pre-noise. Downm xi ng [ 00150] Denote by N. n
t he nunber of channels encoded in the E-AC-3 bitstream where Nis the

nunber ofjod¥85N CHABBShSIn (BIDHddWHhiQhe & ds&d ﬁlhﬁplmm 3QkcddE anbanpel s. Often,
it is desired to downnm x the N main channels to a small er nunber, denoted

M of out putmhedientolepraipaepipve MH@%@Q@V%E@NA and\e- deisree] Gree e i s
supported by,egbedi JERLS:-QF. 3tci%€od%£sq§§Hhe'd%%ﬂhbﬁﬂmlén&gtom xing also is

possi bl e, in which tase M>N. 1] Thus, I n the nost general

i mpl erren ud| rrents are operative to decode audio
data t hat 6@‘3@? Sw’%gcn;ﬁ "?m) coded audi o data to decode audi o data
t hat i n6ludes M mDémndleg Snmﬁetcdbeeldnedecbamdloo:onantdaﬂ\/EJAC Mehdoder,cam 15

i ndi cating the nunber qf LFE i out ut respectively.
Doanmxi ng 1 5 t he TS8s TRLAG SRESPahek 8% 2 B bisr il GRS
coefficients is i nehudadhd qudichiataC HsendidNslowtyehaesityaudntiais Wpicatly me donai n
downmi xi ng. [00152 in n .be do entirely in the frequency

o bri o Lot HEMEHGLHEk SR ArSt A PorE. bHEC S HOAEIS Sk or 1 he
inverse transfor mQutentedaddiBesRs & SHrtOURKY. ARnaekdithho skqRheCc®S®IMY prior to
t he wlndovm ng and overl ap-add operations, or in the tinme domain after the
wi ndowi'flg and over RIS REH OB Bethattiphigks angdqmpdylogss isqplsenyly diiEsT apdD)

downmi xi ng i s muchcR®e 86hbiabEMta tdiaéhcl HRaid AORhAGRMPAIKbNT. | tS
efficiency stens, e.g., fromthe fact that any processing steps subsequent
25t o0 the Xi nber of
channel s, %?gh |2® réztr?g?rat ﬁo%r %%r@&toﬁe%é@gn&r{?)ﬁ(?c%gl@ﬁi tﬁé H&Oaﬁ

conput at i onal cor‘rpﬂhexllwlnyelotandielmlpfrd)t@e@mrnﬂlus,tleﬁ@ oewbéé)lméﬂmtﬂodt he

downmi xi ng step i Sté%‘l%%glfgﬂsd%}ler&tt b %Lve%%"tranl?fg}n?pl%cegs 65%% cﬁﬁiﬂn?ésﬁlt

out put channel s. an exanpl e, consider a Stereo
downmi x5 In this cefSs twohiffGOwonputmtsicamak b@&tﬁotlexomlyin@iunahwsmnio)s@quent
processing step w I be re uced by approxi mately a factor of 5/2 = 2.5.

[ 00155] Tinme dommai ﬂﬂ) WA xi ng is used in typical E-AC3 decoders and
in the enbodipents descri bed above and i]lustrated with FIGS. 5A and 6.
There ar d94"1RPke malVAthp %h%o“flhg?w‘ﬁ‘?bIf‘dé‘[“tl‘:“"%‘@“?gd]éecﬁ?dgr%ng ESI0HB  domai n
cl ownmi xi ng: data to the longer frequency domain data, in which case, the downmixing can

be carried out in the frequency domain. Nevertheless, in most known decoder
20 implementations, downmixing is carried out post inverse transforming

according to downmixing coefficients.

[00159] Up-mix
If the number of output main channels is higher than the number of input main
channels, M>N, a time domain mixing approach is beneficial, as this moves
25 the up-mixing step towards the end of the processing, reducing the number of

channels in processing.

[00160] TPNP
Blocks that are subject to transient pre-noise processing (ITPNP) may not be
downmixed in the frequency domain, because TPNP operates in the time
30 domain. TPNP requires a history of up to four blocks of PCM data (1024

samples), which must be present for the channel in which TPNP is applied.
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[ 00156] Channels with different bl ock types 5Depending on the to-be-encoded
audi o content, an E-AC-3 encoder can choose between two different bl ock
types - sworniloessk and | ong bl ock - to segnent the audiPeTdst@1/okEss3oni c,
slowy changing audio data is typically segnented and encoded using | ong

bl ocks, whereas transient signals are segnented and encoded in short

bl ocks. As a result, the frequency donain 10representation of short bl ocks

and | ong bl ocks i ssyihgfeaH i ddinhin@ &AM defd ABQLsaleo GO (REPC MM At
frequency donmai n downm Xi ng q(;j%eratl on. [00157]only after the block type

speci fi c encodi ng Rttepysing fFePaogd M Nrern@iFesuiedwédr | the channel s can be

m xed together. Thus, in the case of bl ock-switched transfonns, a different
partial i nvdylrid dewmmeixorguspredmtk freijeengs ddmabmand: tiee depaintdowhBufing he t wo
different transforns cannot be directly conmbined until just prior to the

wi ndow st@&11 [ Othe TBEMBSHeRPENIAP BakiigtRsls ihsWELered gudio signalsiuse BRvaERe i ng t he

short -1 gngt fo & @RSPRBldRERINR0f HE MO PEERF médnS HABME YnoROMRLBndRYBencl N WhI Ch
case, the downniXxing can be carried out in the frequency donain.

Never t hel esdmaimdaymsnixigs sl ddel femapoibap Peimehthatdpia s typigahaededdudiy, i s
carried out 1o ] . i ] X coefficients.
[00150] Up- g O A 3 o A T 0 Che
nunber of idywmmirag m ekanmelysicalvisiNy araEtAGr8 ddomaisn m xi ng approach is
beneficial, as this noves 25the up-m xing step towards the end of the

pr ocessi ngn162edEntadinidaes didiEdjeesenfinehanniatiadé dovainag asgiot geledtidd @@ to TPNP

10 determine block-by-block which downmixing method to apply, and both time domain
downmixing logic, and frequency domain downmixing logic to apply the particular
downmixing method as appropriate. Thus a method embodiment includes determining
block by block whether to apply frequency domain downmixing or time domain
downmixing. The downmix method selection logic operates to determine whether to

15 apply frequency domain downmixing or time domain downmixing, and includes
determining if there is any transient pre-noise processing, and determining if any of the N
channels have a different block type. The selection logic determines that frequency
domain downmixing is to be applied only for a block that has the same block type in the

N channels, no transient pre-noise processing, and M<N.

20 [00163] TIIG. 5B shows a simplified block diagram of one embodiments of a back-end
decode module 520 implemented as a set of instructions stored in a memory that when
executed causes BED processing to be carried out. FIG. 5B also shows pseudocode for
instructions for the back-end decode module 520. The BED module 520 includes the
modules shown in FIG. 5A that only use time domain downmixing, and the following

25 additional modules, each including instructions, some such instructions being

definitional:

[00164] Downmix method selection module that checks for (i) change of block type; (ii)
whether there is no true downmixing (M<N), but rather upmixing, and (iii)
whether the block is subject to TPNP, and if none of these is true, selecting

30 frequency domain downmixing. This module carries out determining block by
block whether to apply frequency domain downmixing or time domain

downmixing.
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Bl ocks that are subject to transient pre-noise processing (TPNP) may not be
downm xed in the frequency domain, because TPNP operates in the tine
30domai n.WORMR/1e®ai res a history of up to four bl ocks @CTRSkMIdAL3®3§ 1024
sanpl es), which nust be present for the channel in which TPNP is appli ed.
Switching to time domain downnm x i s hence necessary to fill up the PCM data
history and to performthe pre-noise substitution. Hybrid downm xi ng usi ng
both freqomesy dQeFidhcAOSmAinTBwaARTROAHRWAR O5#Rd ohORES dlnofRBiAfNERNt Or S
recogni ze that channels in nost coded audi o signals use the same 5bl ock
type for nore thanthoougigpasiyexponepts, fgggencyglamaindegnmiiee. Mokcdhdfihg ci ent
frequency domain dewithy RghaPUhchiliR bt dh R 1A Sk N2BmO BN «J P&t i n
typi cal coded audi o, assumng there is no TPNP. The renal ning 10% or | ess
woul d require ti meduemmirmsdiongioanpdpladaiobecks svhether hppreeddingriilenk used  E- AC- 3
decodersg. [00162] ¢ i f - yelg | | i downmi X
nmet hod éel ection I%g?g&%%g%‘gne@%iﬁﬁ@ﬁ%&b(ﬁ%g% B@%ﬁ%&iﬁﬁl@cﬁe% wWhni xi ng
met hod to apply, adedcribed in mpreleddiraior. thodditior. thgtrimsigioo logandoduledsency
domai n downmi xi ng ic.t ly th rthcul ar downm xi nmet.hod as
appropriater Thus STReTRGR SRR R R0k S el L DTSR TR B S ock
whet her to apply feeguene yraomachangswnehnddatingsut thawmeeldomai n ci ownm Xxi ng.
The downmi x net hod sel ection |ogic operates to determ ne whether to 15apply
f r equencyociespi FINWTD @bwhitk @anditidiElogio FRiduledlpwmIAtckE RPethantk proclindes
determning if there is any transi ent pre-noise processing, and determ ning
if any '8f the N ch&Mi&reeddigaengy dpmpia dawpmps B‘c‘ﬁhl?l}/ﬁé‘? the hlock i hepdlrdn | ogi c
det erm nes that fr%m&aﬁ% 2 Q8RR RddR WM deidlibel . [PaddRiAPRL kb 1Yeif Or a
bl ock that has the sanme block type in the N channels, no transient pmnoise
processi ng, and McNOdpl alpiegsitpreessme skpnessecidedpith ¢ar@d. Bitock di agr am of
one enbodi ments of & packs RogHASERMR, gh?.%g%arﬁ%ﬂaﬂgg@éum&ﬁ gs a set of
instructions storedin & nenory that en ‘execut eéd causes B%D processing to
be carried out. Fl@Gamgls3 al so shows pseudocode for instructions for the
back-end decode nodul e 520. The RH) nodul e 520 incl udes the nodul es shown
i n Fl G1550016fht Torthgrmesse theinmelulte thai are dokiird Xinnght bama e diférdndly iowi ng
o O R TRA e WO M S R a0 SR NSt T uct i ons
depending on one or more conditions for the current block.

[00168] Referring to the pseudocode of FIG. 5B, some embodiments of the back end

decoding method include, after transferring the data of a frame of blocks from external

20 memory, ascertaining whether FD downmixing or TD downmixing. For FD downmixing,
for each channel, the method includes (i) applying dynamic range control and dialog
normalization, but, as discussed below, disabling gain ranging; (ii) denormalizing
mantissas by exponents; (iii) carrying out FD downmixing; and (iv) ascertaining if there
are fading out channels or if the previous block was downmixed by time domain

25 downmixing, in which case, the processing is carried out differently as described in more
detail below. For the case of TD downmixing, and also for FD downmixed data, the
process includes for each channel: (i) processing differently blocks to be TD downmixed
in the case the previous block was FD downmixed and also handling any program
changes; (ii) determining the inverse transform (iii). Carrying out window overlap add;

30 and, in the case of TD downmixing, (iv) performing any TPNP and downmixing to the

appropriate output channel.
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[ 00164] Downmi x net hod sel ection nodul e that checks for (i) change of bl ock
type; (ii) whether there is no true downm xi ng (McKN), but rather upm xi ng,
and (iii)wothetihwessrhe bl ock is subject to TPNP, and if momaSed11iobssse i s
true, selecting 30frequency domain down:nixing. 'lbis nodule carries out
determ ni ng bl ock by bl ock whether to apply frequency domai n downm xi ng or
ti me domai n downm xi ng. [00165] Frequency domai n downm x nodul e that

carries qod169pRf tre6. ek ABInHASL PN W liabhc. BRRK 76 5 asirdyondX RAREMwnmik r equency
domai n downm xi ng. Note that the Frequency domai n downm x nodul e al so

i ncl udes a PPthed wiEPmlogis Ut g éordlye Berapiitensndok e dhagce THBUI e t hat
checks whet fifix hBanBLaCatttn Rl ko HER I lddndOTAI AN X brabh i ch case
the block is handled differently as described in nore detail below. In

addi tion, tthet ingledesin 72641 dyymanirpddieondpo todwedess differtanthy dleledsthpig st eps
associ ated wi.th. aln, - i ) . rogram
changes%s uc C%IE 1@%%‘?1%1[}0%1?&@%%%gllgpgéllo%%ée?%g%q:@‘%}%m%gg’%%r%ﬁfg%nlggnsi tion

| ogi ¢ nodul motehang, eheiksS vibetrinelizingtbe precedbngpt@intothke dedpwfafequency
domai n downg, .70h 0 MALENGR86 NG pRIACk, 1.3 ER, Bl L GHERMY as descri bed
in more detarl Below Tn ad |?1on, Che "transition foglc nodul e al so deal s
W t h pr ocessiengomsibgip dloak Focicsts ddemiindy tiodrldodiinfor FOnlomaginiag thy datedee ur ri ng

events, e.qg. ogr hanges such as i ng .,out channels. 15 [00167]

Fur t hor o o RhEHha R fIBhPRe PFE- AR LPE Rallh s TR ABBR e AR 1y 1
enbodi nment sprbdead 71i3nkdtddebleyHiin Angeyyani Xirkgoh dhathel, doirialcAss il hahixsdownm xi ng
dependi ng on one or re .conditions for th rrent block. [00168

Referring Hﬁ“?ﬁ@“ﬁ@@ggSgﬁﬁﬂnﬁkbﬁ?&?mgﬁﬁa§ﬂﬁ%%§ﬁBBHFW%%¥§“%?k@ﬁéﬁ%%ck end
decodi ng net13ad débelind@hct@d tRpréviaR iRk FWah grobdyeedddt D 8dwdnikinan@daé bl ocks
from ext er nal 20nennréﬁhascertainin9 whet her FD downmi xi ng or TD

dowi uni xi ngRrogEst U QBRkAITRISREY. andrbekrdyichamriendle phemgtRGBeRE Pides (i)
appl yi ng dyRaife &8 @B nSI9MHe AhtaAOW afldAhOBD AO% AR ZALitiONbloBUT 15 id HE scussed
bel ow, disabling gain ranglng; i) denonnalizing mantissas by exponents;
(iii) CAarryi2Ag cOMMOEDragewigibkichd3l-and (i v) ascertaining if there are fading
out channels or if the previous block was downm xed by tinme domain

25cl ownmi[@017@]  iThe whingn pasessing hwch 7 dcmswilesgnvessedansfpmdnutd ay fidgrteent | y as
descri bed in re. il. b - For. f.'1' Q 1 xi.ng, and al so
For 142y dopniorgaf PE e MR Lk U AR Bhing ncae ORI

pr ocessi ng wdidifignadhvindowingekd otwlap@hd prodsvingilkée blockistfiren tad® t he previ ous

bl ock was 141) downjniXx n | so _handl.ing an rogra han (1)
Geter mi o ng e ERE LR 7 Bidpdieh ff 2P gk oSt MR TN ap ada;
30and, 2on tprecesaseamdftimieldohaird@winiikixg.ng, (iv) performng any | MP and
clowninixing to the appropriate output channel. [00169] FIG 7 shows a

si mpl e dager7i] owidi o ekt fdhe CAPERSBARE Srob&sih b eordBaring d¥esdeod
selection logic that tests for the three conditions: block type change,
TPNP, or upiPdilhgich ange argshenhdt FliCor. The fowghart fipprgigpredian folipgsafitoiiet o al | )

downm xi ng QLRARGEref & humerals used as in FIG. 7 for similar respective functional dataflow

blocks: a downmix method selection logic section 701 in which a logical flag FD_dmx is
25 used to indicate when 1 that frequency domain downmixing is used for the block; a TD
downmixing logic section 721 that includes a FDD downmix transition logic and program
change logic section 723 to process differently a block that occurs immediately following
a block processed by FD downmixing and carry out program change processing, and a
section to denormalize the mantissa by exponents for each input channel. The dataflow
30 after block 721 is processed by a common processing section 731. If the downmix
method selection logic block 701 determines the block is for FD downmixing, the
dataflow branches to FD downmixing processing section 711 that includes a frequency

domain downmix process that disables gain ranging, and for each channel, denormalizes
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that includes in 723 FI) downm x transition logic to process differently a
bl ock that 5occurs imrediately followi ng a block processed by FD

downmi xi nyQ 2prioge®m change processing, and in 725 denor rariuseeig/oeise3

manti ssa by exponents. The dataflow after block 721 is processed by conmon
processing block 731. If the downm x nmethod sel ection logic block 701 tests
determ nes the block is for 141) downm xi ng the datafl ow branches to FD

donni Xi ng phHERARESADY LXdodeR@land eHiMAREFB db¥ RERENRC YnddOTBBwsiainm x 10
process 713 that disables gain ranging, and for each channel, denornmalizes

t he manti ssEsiggn &gwﬁ@mﬁéﬁm%mtqeé@r @i crrpned {WhaPsEVioys blaglwBelT® downni x
transition 40giC, HJaH&'ffaZlﬂzé ohPoﬂﬁ{eﬁ{emh@%réMlﬁE Btk Kvgﬁﬁ)r%e%é’éd%?sﬂﬁ' ock was
processed by TD downm Xi ng, 0 process such a block differently, and

al so to detdwinnaxidg, Wadatn IE’O@QWSUph @Qloahﬂléﬁmngjesihesleﬂ@ﬂo‘agftﬂa@hTﬂ@d@mm'@hannel S.

The dat af | ~ o sane
common. gr oobas b8 Lefify IS PGt ARSI 108K skhn V1 by LliindRg

i ncl udes i nweseseng logm§éab1|0m7hgmahdeﬁnyeafsmclnahleerl inverse tdosfammngxndeessi ng.  The
further ti ' i.n 0|n in rangin nd w ndow ng
and overl agpgﬁ Q%%eodé%sm ﬁgcsesﬁ?g lrﬁghbn?‘grstk# i I%?ﬁsm%% g&%qiﬁd%n g bl ock
721, the f Lganrhmngmg rmd dfumiawmgpmdoeampngd pmmsbmg If HDI dibess CamyicTEPID

20processing and ti 1 a flowchart
of "one. enba B M Ba S PG R Rl Hhe s eerisi PP dch st he
one shawn ipgrodeksng ahd tihieadonlagv@dwaniixing. partiti oned as follows, with the sane
reference nunerals used as in FIG 7 for simlar respective functional

dat af | ow Mm S 'Nle @M the TBLLQANSEhEGH iOND &E\lrﬁmﬁﬁﬁﬂs&t% 1d8d sdefiopthi ch a
| ogi cal 7g1§ D dnx is 25used to indicate when 1 that frequency domain

downni xi ng insdd. thepunhss obingeiehannelr fy i 6¢iriprPsiha gameatyi the rugher ehoumpd t hat

i ncludes a fRbh QWM hAHA TS Inhin@8 ok%'p‘foc@&ﬂlgpé gg{h@ﬁ}d&@éﬁ%@n L @Gy Section 723
to process differently a block that occurs | nmedi ately | owm ng a bl ock
processed byoEpigwairisdtieg 7ahi cericd pulouly pribgrawneihethdper. phiseelisesils and a
sectionsto - chid Y thechannel .

The da’[1 af | o%vﬁd?glgp(?@ Eﬁa%(%ﬁ djiygg&réestﬁ@trlg%ggléglgﬁg&}h&ﬁ%rn%@% c%Faocesrél ng section
731. If t heprdummlockwﬂmhwr@leh@@nsﬂmn ﬂfamga blopbk dl@szmﬂD devenimedresuchH® bl ock
is for FD down anc m essi ng
section 711‘9 1xm%gTOW(§e§8g@ r%e t@erzgg aﬁ?ed ¢ Bwh alp&wos?o%tggwflﬁgt di sabl es
gai n rangi ngpan@isdhitare maﬂ{redah&remebvnnm}mg)r mal i zes the mantissas by exponents
and carries out FD downnuung, and a TD downm x transition |ogic section 715
to det er m neradnGitios Aahdifannel of the previous bl ock whether there is a
channel fading out or whether the previous block was processed by '1'1)
downm >011@Q17ahd It deqorling eis & nsesssuratolilavcimailf fremseiond I;etw%meaudiafoafcksaw after the
"1'1) downm 5tran5|t on_section IS cessi ng

ogi ¢ sect i Mg ey bigaBiibh A Enddaet P e Rl F or e  E Een s o
each channeMD(1v @hﬁsewhéramsée@smg éﬂ@ll’&lﬂdblaﬂ(y thetérit B@lo otvériap wldinhd prepbecessi ng.

wi ndowi ng. AAEEkoVRY PABTRG. [P GCBLST AG VFALanh B PEs Rt BAEPHG 1D

downmi Xi ng, ddnt¥én. Suft b@bodinbRs BORBbRsdM PEEERh G drldBd@Absio tﬂaﬂﬁlkhid@s any
TPNP 10processing and tinme domai n downm Xi (1:1 [00172] Not e t hat after the H)
downni ¥Png, 2% 3y H¢psadd pulifer. MR RFSECS I AIESFYH CICBgtP%O? p-pdhbutfer contains

data from the previous audio block. Because it is necessary to have smooth transitions

between audio blocks, logic is included to handle differently transitions from TD

downmixing to FD downmixing, and from FD downmixing to TD downmixing.

[00174] FIG. 9 shows an example of processing five blocks, denoted as block k, k+1, ...,
30 k+4 of five channel audio including as is common: left, center, right, left surround and
right surround channels, denoted L, C, R, LS, and RS, respectively, and downmixing to a

stereo mix using the formula:
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715, in 817, the nunber of input channels Nis set to be the sane as the
nunmber of output channels M so that the remai nder of the processing, e.g.,
t he proceseizng/ioewecommon processing | ogi c section 731 i Crarseéi@®d23sas only
on the downm xed data. This reduces the 15anpbunt of conputation. O course
the time domain downm xi ng of the data fromthe previous bl ock when there
is atransition froma block that was TD downm xedsuch TD downm xi ng shows

as 819 irio(ﬁqg*i QR Ghusanetel 1edcabt+QR, #ld of those of the N input channels
that are involved in the downm xi ng. Transition handling 20 [00173] In

decoding, it is Kgtespardenpled R DRgeR% transiti ons between audi o bl ocks.
EAC-3 and many ot her encodi ng nethods use a | apped transform e.g., a 5(J%
over | appilely 78DCFIGTherpposehthat praveesdippgd samstimmantisel] Ick rectanglee i s 50%
overlap with th evi.ous K further her i) 0% overl ap
WEh Che. 1 PR ERLE AR b PGk HE RAPIMBLS e WORE U s BFspS

pr esent 5i nvidabiocks kis.e kavdand dp-veudidallaggi foont oatto batohudess@bahe dacedihap- add

buf fer. When processi a sent bl ock,, .t verl.ap- add. buffer,.contains
aat ot om tHEEREE R eBuP bRER Bt ety sk PR BT SETe armot n
t ransi t i onsprbekwa®n Faudbivaniitiog ksd blooig ka-3iagd k-rCbytpdotvembaipde cai bef erent | y
transitions from TD cl o ixing to 14 cl ownrni xi ng, and from 141)

Homn i xi ot bR KD AR ek B SO otttk I6 rnstt SO ocessi ng
five bl ocksthe d@Bab@GinASWhAMOEH thwalds the b3k 4ft@fwHidiviBe ednasnele @udi 0 i ncl udi ng
as is common: left, center, right, left surround and right surround
channel’§, d?é%’?‘G‘l“é%FdLL agd R'ghanngls” while festhe Fdosamixsdihlock fhe oA Bl ng to a
stereo m X 4ahids ih R Q0 Bomaih QRIaRAdy LR WPt ﬁéén@ﬂc&;%ﬁaﬁaemuc LS,
and Ri ght out put denoted = aC FbR-FeRS. [00176] FI 9 supposes that a

non- over | apfedntixiaasned hnG. § SudddS dhenel dee trangfloecd: dpredertsnt terlaidi o
contents of g, Rhokks hEpdIRN LALLM indY G&ul L@ WhElichQe o@D T €Presents 5

the bl ocks k, k+4 and the vertical axes fromtop to bottomrepresents the
decodi ng présgmaysingfo IJadewniSems os ol IdLdovknnusing toERglewdmbyngTD downni xi ng,
bl ocks k+1 and k-F2 processed by FD downi ni xi ng, and bl ocks k+3 and k+4 by
TD downmi[6017g] A3GcHNlebaitsetn caskof S@aoherbippédreandiormooWnppoxe ongribp-adkis, t he
downmi xi ng doe n‘g_)t ocC

ur il .after the tine .domai ownm Xi ng towar ds
e ot o G Phy SRSt deoad &S d Gl TR IR T R kG, G
channel s, whé ifa blotk ishBov Js t@b oihgicx.enk lolvoclkstt tlidnglelieddia mnbk dveglhp-achannel s
in the frequency domain are alre downni xed after frequency donmmin
donnmxi no BRE R Ry &l T RS R Hn et e e her e i s
no overl ap hekwasskbl ocks, no special case handling is required when
swi tching from TD downm xi ng to FD downm xi ng or from FD downm xing to TD

downmi %bNg. Transition handling for a TD downmix to FD downmix transition
[00178] Consider block k+1 which is a FD downmixing block that immediately follows a

TD downmixing block. After the TD downmixing, the overlap-add buffer contains the L,
C, R, LS, and RS data from the last block which needs to be included for the present
block. Also included is the current block k+1’s contribution, already FD downmixed. In

25 order to properly determine the downmixed PCM data for output, both the present block’s
and the previous block’s data needs to be included. or this, the previous block’s data
needs to be flushed out and, since it is not yet downmixed, downmixed in the time
domain. The two contributions need to be added to determine the downmixed PCM data
for output. This processing is included in the TD downmix transition logic 715 of FIGS. 7

30 and 8§, and by the code in the TD downmix transition logic included in the FD downmix

module shown in FIG. 5B. The processing carried out therein is summarized in the TD
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15 [00177] FIG 10 descri bes the case of 50% overl apped transfom s. Suppose
overlap-add is carried out by overl ap-add decodi ng using an overl ap-add

buf fer. Iwot2higioetéagr am when the data bl ock is shown agCrms201ioa3sgs es, t he
|l ower left triangle is data in the overlap-add buffer fromthe previous

bl ock, while the top right triangle shows the data fromthe current bl ock.
20Transition handling for a TD downm x to FD downm x transition [00178]

Consi der bl @fkanks datMitionodi® sedtidilDy IBQMMG Y. ROmbBle ki1t BatiibimRdliat @y fol | ows

a | D downm xi ng bl ock. After the |ID downm xing, the overl ap-add buffer

cont ai ns t hEP dowmnixpo Fpglowapix meshign incfudsin t he | ast bl ock which needs to be
i ncluded for the present block. Also included is the current block k+1's
cont ri butl®@®@9] al*r elldsh ®Dodwlap fiaeby fendias eerdeinta yeprroplrldgic det @rmmnge t he

downm xed PCM data_for output . both t resent. bl ock’ nd the previous
bl ock' s data needsmng(%“?ﬁ%wﬁgg3hpfggg%ﬁpsfnﬁﬁgx%?%S?t%ﬁ?%ﬁ%%k's dat a
needs t6 be fl ushedvedug-adandgicsiticie thietPGN dadbf she prestawn hioxledl, thelpastienilaced i n

the tine donain. TQ@ tTo.c ntribuIioné ngeg ﬁo be adged to determ ne the
downmi xed PCM dat a” B! BUY SO HOVHFRMEE P EEBR PP 10% SCRGMGA¥ES n the TD
downm x transjition logjc 715 of FIGS. 7 30and 8, and by the code in the TD
downi ni x 04180k t°; oﬁn}ed’@fnémi Josinpirethe PRM thte o dlsavisiiap PHIBE 8 eMéknh in FI G

S5B. The processi ngpcrrdaia@f tRUED theRik b ihe pf4ioBbioged in the TD downm x
transition logic section 715 of FIG 8. In nore detail, transition handling

for a TDigipwnfr % L ERAPMMIKabHIE bF 1108 Bk udisn, LARMALAL ush, out
overlap buffers by F ealng zeros 1 nto overlap-a ogi ¢ and carrying out

wi ndowi'dg and overthapwardel trarGpm ang écefl news ldeld abient Flbdavpunixing end inferse

5over| ap-add | ogic IS .1 P t . 2y ck.of .the
particul ar channelﬁ%%?%§1¥§0%%ﬁ ﬁ@%%%g:é@ﬁ%@ﬁﬁ%“@ﬁ?%%@“ﬁ%&%‘6ﬁ?a%ﬁs zer oes.
[ 00180] Ti ne domai nsodosmmitk themewriaM td gtreerdie BiiMtdae ab vierliTagoviouhik ef ghet o

generate PCM data 8ﬁm£ﬂﬁoag)downnix of the previous bl ock.

[00182] <+ Addthe PCM data of the TD downmix and of the FD downmix to generate
15 PCM output.

[00183] Note that in an alternate embodiment, assuming there was no TPNP in the
previous block, the data in the overlap-add buffers are downmixed, then an overlap-add
operation is performed on the downmixed output channels. This avoids needing to carry
out an overlap-add operation for each previous block channel. Furthermore, as described

20 above for AC-3 decoding, when a downmix buffer and its corresponding 128-sample long
half-block delay buffer is used and windowed and combined to produce 256 PCM output
samples, the downmix operation is simpler because the delay buffer is only 128 samples
rather than 256. This aspect reduces the peak computational complexity that is inherent to
the transition processing. Therefore, in some embodiments, for a particular block that is

25 FD downmixed following a block whose data was TD downmixed, the transition
processing includes applying downmixing in the pseudo-time domain to the data of the

previous block that is to be overlapped with the decoded data of the particular block.

Transition handling for a FD downmix to TD downmix transition.

[00184] Consider block k+3 which is a TD downmixing block that immediately follows a
30 FD downmixing block k+2. Because the previous block was a FD domain downmixing

block, the overlap-add buffer at the earlier stages, e.g., prior to TD downmixing contain
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[ 00181] Frequency domai n downm x of the new data fromthe current bl ock.
Carry out 10the inverse transformand feed new data after 11) downm Xi ng
and i nverwo 20riangdeor m i nt o overl ap-add | ogi c. Carry out Pairsesiogsanhd

overl ap-add, and so forth with the new data to generate PCM data of the FD
downm x of the current bl ock. [00182] Add the PCM data of the TD downm x
and of the FD downmi x to generate 15PCM output. [00183] Note that in an

alternate etﬂ@@@l»ﬁm&d da@asﬁuﬁ@ 1R ahdBEIR MBSl and RDRadh th thB 6ihBY @MhRUS TR ock, the
data in the overI%E( buffers are downm xed, then an over | ap- add

operation iguisait rﬁé@n@hu@m AR BRI xS S s aenHR fewnimiing. Tavureds
needi ng t o0 @arIV1PHl e InYE ib AR RAPP ORI A bR boRARE pREGY bRS s RiPCK

channel . Furthernbre, as described 20 above for AC- 3 decoding, when a
downmi x buftheprezsiods blpek edits exsgoiedic mesludRd-Fon iid, &elpsrvipul Rlocks date keadls| ay

buffer ks uggd ﬂﬁﬁ%ﬁ%@?@@‘@?mﬁ%{‘%&ﬁ@i@&@d&%b@ 38?%%8?} né’ %8&5 Ht sanpl es,

t he downm x oper at ecause t 'S on 128
sanpl es r atdndradddaan t@56verSeIt1‘ah$fsrnaasl|dekatthat Mduﬁmedmtcpétammtp@t ati onal

conpl exi ty éoh ulcesd ﬁdM%Bt%?ér ouP f %IS isl tl {ncﬁlggcglgglgllﬂgdo Tn Lefore, in

sonme enbodi ne for a parti wnm xed fol | ow ng a
bl ock whos etreahaﬂnan \k@; 723 b)“ FH &S ramek épb,ndﬂoba dletd()dfﬂﬁll thé AN dpwooassinsigon logicudes

appl yi ng down pseudo-ti.ne donmi n.to.the data previ ous
b ok ¢ hat s gl SR P e bRt S bR P b FPDr ar

bl ock. 1dr al‘kﬁivxtnlnﬁﬂ trhmnﬁblnll@gc §eotiora7 B[If FOWMBITXmb1@ dE@lloh@Wiﬂﬁhg(thbfeamodtp@n.
[00184] Co r ch is a TD do | oc i mredi ately
foll ows a g%lﬁ%%&gbﬁﬁﬁ?rfﬁﬁb@%ﬁ%ﬁ nR9r12tran§é1833§‘51\f$$1 Eg\/‘sjé"ﬂ’ém’b was a FD

domai N downgywaintig crds@lk indiliRs:over | ap- add buf fer at the earlier stages,
e.g., prior to TD downm xi ng contain the downini xed data in the left and

i ght chagnebp. .andulondalal Butdenokbehe SHRNAR SendRGHIE Bt AgK S
contributions are not downm Xxed unt’ | er t he Oan X1 n(g order to

properly determ neomh@nd@lwmmﬂﬁé@lalp@ldﬂdéapa ﬂif‘(ﬁutmvmth? opiputhP M@Uﬁ¢resent
bl ock’ g5and the prﬂ&’écﬁ&sﬂlgh&géﬁt?stﬂé”‘%(?ivl’lﬁ&gﬁtﬁeeﬂ? Iﬂﬁik‘dﬁﬁlgpregfbhct his, the

previ ous bl ock' s data nee out e presen ock's data
needs to be cl ownnblged Thqrotehlep buffre ndwraitainarndosadded to the i nverse
transforned data that was flushed out to determ ne the cl ownm xed PCM dat a
for out pyoo188hi 3 pPraeess invgrst Sansitahirgded tlielhetwl‘tﬁta]ofll)e aﬂlﬁwitrﬁlocktms gdisfatd on

| ogi ¢ 723 of FIGS. 751 m.x transition

t he code i
RS ras e showprtrtmaiitigile n (& EO8Scr Tebd o b it 0

sumari zed in the @ERARAerom iXtoltiakeilhp-anrl bggi ¢ section 723 of FIG 8. In
nore detail, assum ng there are output PCM buffers for each output channel,

transi thqeo BN dl.i NGarkyosut difdOwiRMATINerlap-20E HNIIThy, LAADS dbh AR Wil udes:
the new data from the current block to generate PCM data of the TD downmix

of the current block

[00188] <+ Addthe PCM data of the TD downmix and of the FD downmix to generate
PCM output.

25 [00189] In addition to transitions from time domain downmixing to frequency domain
downmixing, program changes are handled in the time domain downmix transition logic
and program change handler. Newly emerging channels are automatically included in the
downmix and hence do not need any special treatment. Channels which are no longer
present in the new program need to be faded out. This is carried out, as shown in section

30 715 in FIG. 8 for the FD downmixing case, by flushing out the overlap buffers of the
fading channels. Flushing out is carried out by feeding zeros into the overlap-add logic

and carrying out windowing and overlap-add.
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[ 00185] Hush the overlap buffers by feeding zeros into overlap-add | ogic and
carrying out w ndowi ng and overl ap-add. Copy the output into the

out put PGNDRroff®e96715The data fl ushed out is the PCM daratafS24ihe23B8 downm x
of the previous block. The overlap buffer now contains zeros. [00186] Carry
out inverse transformng of the new data of the current block to generate
pre- downm xi ng data of the current block. Feed this new tinme donmain data

(after tnesbpr Mow MhQhd NEWAMR sh&Pr Addn bAB EmbRBndnR0 &8 ThlREAY d@kthini Ndow ng
and overl ap-add, TPNP if agé,.m and TD downm x with the new data fromthe

current bl ctRIIEX hEiterdion TPEMchdesdighlingde poicslwin rngne frereier flent bl ock
[00188] Adglaﬁ&?s tHMe%%}tﬁ)é ﬁfe f}eﬁﬁen-EPdglﬂXYﬂ %%mﬂ&d Cﬁzinn_tallg ?na} %‘L‘)e (ﬁ‘fﬂ\ﬁ@ﬁ@ X to

generate PCM out put. 0189]1Tn addition to transitions fromtine domain
dovymi xi ngeaiorafigiag)Dasposterd ovbedhrw addundicgidiféereny sedinand cthaned's spacsalhandl ed i n

the ting doggg}m@gy\gﬂgg é-e%nﬁﬂggh&%f}mkpgi c and program change handler. Newy

energi ng channels are automatically 1 ncluded in the downm x and hence do

not need peci al. treatnment. annel ich.are no | on present in the
now pr ool AEHE LTS pEusih G B AT Gt P B diiehl <R L8h T h sect on
30715 i n FlodiBed @ich tHaethd dlbhisowritiak ighi@s Base] to pyrféiugin nagiogtorahe overl ap

buffers of the fading.channels. Flushing out is carried out by feeding
zeros into Ii’?ﬂueé‘%}é?l‘?rgaﬁr-%é@ nfnﬂf&id(‘fﬁﬂ‘r’i‘ “carrying out w ndowi ng and

overl ap-add. [00190] Note that the flowchart shown and in some

embodi ment sTimerlonmin demmixingwith shangineHoynmyying ceefticipyin and peqdder udes

di sabl i'Ag tH@ligipeiosniadingai n rangi ng feature for all channels that are part
of the fr cy.domai n downm x. Channel s have different gain_ ranging
par amst eNSOAT CIPUGHIE T RO aFERRcms A I Ay s SPGB
Scoef fici enosin difiétsntRIrEvMKncEg thas, dRNURXnix EROAGd s hiy fdd &l dRhsat | ve

i npl enentation, the FD downi nbdn(%, I og/irlc section 711 is nmodified such that
the m ni nurhapmigallyRaseson dengd ernditions, Mqtaslaiy ngsns i pragalle thaballosy equency

domai n) dowaﬁ&i%_%ﬂla_ Ra@ML boetficients b BRinkQ &L, downmi xi ng wi th changi ng
downm xi ng coefficients and need for 10explicit cross fading

15[00193] 'Thus, the downmixing coefficients can change over time. When there is a change
from a first set of downmixing coefficients to a second set of downmixing coefficients,

the data should be cross-faded from the first set to the second set.

[00194] When downmixing is carried out in the frequency domain, and also in many

decoder implementations, e.g., in a prior art AC-3 decoder, such as shown in FIG. 1, the

20 downmixing is carried out prior to the windowing and overlap-add operations. The
advantage of carrying out downmixing in the frequency domain, or in the time domain
prior to windowing and overlap-add is that there is inherent cross-fading as a result of the
overlap-add operations. Hence, in many known AC-3 decoders and decoding methods in
which the downmixing is carried out in the window domain after inverse transforming, or

25 in the frequency domain in the hybrid downmixing implementations, there is no explicit

cross-fade operation.

[00195] In the case of time domain downmixing and transient pre-noise processing
(TPNP), there would be a one block delay in transient pre-noise processing decoding
caused by program change issues, e.g., in a 7.1 decoder. Thus, in embodiments of the

30 present invention, when downmixing is carried out in the time domain and TPNP is used,
time domain downmixing is carried out after the windowing and overlap-add. The order

of processing in the case time domain downmixing is used, is: carrying out the inverse
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[ 00192] Downmi xi ng can create several problens. D fferent downm x equations
are called for in different circunstances, thus, the downinix coefficients
may need wo 20hiamog®s7dynam cal | y based on signal conditi omeT/UsRe1as23sa3
paranmeters are available that allow tailoring the dowm x coefficients for
optimal results. 15 [00193] Thus, the downm xi ng coefficients can change
over tinme. Wen there is a change froma first set of downm xi ng

coef fi ci ent@nk@rd, SECANETS 8lrryde AOWHIORHRANE 06FTab GlERLSyint H& od@t @ shoul d be
cross-faded fromthe first set to the second set. [00194] Wen downm Xi ng

i s carried EEiCRtPre-RASE pragrsErEJecadRalng, delipl ard den fime damyin dewpaEing.

i npl enrentations, e.g., in a prior art AC 3 decoder, such as shown in FIG

1, the 2@ X mghiagagatheitiow domeinglomomitiog teheiravicndefidmg cdpdvoveridap- add
oper ati ons. ng. f, carryi 0 i Xl L.0. 1 h r cy
domai n, or Cu}l;}é?%%%t\ﬁlﬁlﬁ%g%%rtr%ieﬁ”% W}c{)rlflpx?nog C\l/éngfrﬁl %\gmgr?é dg‘%nd‘h 13%%#@1%}(2%%& t hat

t here i s i nharepthapossiohadingefifiats@ssthdotiofl onhe overl ap- add operati ons.
Hence, in many known AC-3 decoders and decodi ng net hods in which the
downmi Xi ngp19%] Caydeiopdodidtio sdtateuvdrod andedPomiion @fchepute eats@aitr ansf or m ng,
or 25in the frequency domain in the hybrid downm xi ng i npl enent ati ons,
there is nocoégfﬁﬁn&i])ten%t? B§§[’}t§ﬁ@1’8%ﬁ’0§¥fi%’i‘.t to[‘@?)l"@?}]fe i1 fnetrethe dae index pf e

domai n do 1 Xi ng, and transi ent pre-noi.se.pr in TR , there woul d be
2 one bl ool HARER ey B R E 0P cesEIRRGS b ot Ag ted by
progr am chaggfol #ikesh sufh Brae 1) Ay T2ds IFEQURE 0 ThUSs. iRogBRRL) FRRES of the

30 present i1nvention, whe ownm xing is carried out Int % me "domai n and
TPNP i souseghdatiniiRing o6d@fidlerd @by X, NheivpdBed thix@d oufficRht @he tbe-fallndowi ng and
over| ap-add. The order of processing in the case tinme domain downinixing is
used, is: caeriphtp oty ithe i nverse transform e.g., MDCT, carrying out

w ndowi ng and overl ap-add, carrying out any transient pre-noise processing
decodi ng [¢ov9spel @y )».w'ANd t-heh235 - cdormii+, dgy@sm xi ng. [00196] In such a
case, the tinme domain downm xi ng requires cross-fading of previous and

current qouag) Xi g, 4ala,. 6, 8y SOMXL00. CORRELELSALS 0L donpTL L NG tabl es
to ensur t t "any change 1 n-downm X coefficrents are snoot hed out.

[00197] Onearoppdacd with thOnSR acar sy QUL cross-fade operation to conpute the
resultant coefficient. Denote Toy c[1] the mxing coefficient to use, where

i denot ti i ndex of. 256 LI domai n | es, so that the range is
i =0, . . .1?3%@.38 AT s sy e Cé)e%pﬁglsq{ﬁ%sia\%eg%\}mu%dlg%pf unction such that W[i] W
2. [255 - i2]0 =1 for i=0,...,255. Denote by ceild the pre- 1lOupdate m xi ng
coef fi ci d0R208hd dby} =¢v [ c.t Hev ipdatibd..niXiing coefficient. The cross-fade
operation to apply is: [00198]c[i] =[i] «¢1/4:2[255 - i] ~comfor i=0..
255. [00202] In other words, the influence of the old coefficient set is completely gone!
[00203] The inventors observed that in many audio streams and downmixing situations,

mixing coefficients do not often change. To improve the performance of the time domain
20 downmixing process, embodiments of the time domain downmixing module include

testing to ascertain if the downmixing coefficients have changed from their previous

value, and if not, to carry out downmixing, else, if they have changed, to carry out cross-

fading of the downmixing coefficients according to a pre-selected positive window

function. In one embodiment, the window function is the same window function as used

25 in the windowing and overlap-add operations. In another embodiment, a different window

function is used.

[00204] FIG. 11 shows simplified pseudocode for one embodiment of downmixing. The
decoder for such an embodiment uses at least one x86 processor that executes SSE vector

instructions. The downmixing includes ascertaining if the new downmixing data are
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[ 00199] After each pass through the coefficient cross fade operation, the
old coefficients are updated with the new, as coldc",,"” . 15 [00200]In the
next passwof2otih®2woef fi ci ents are not updated, [00201] cPC/us2H 10235255 - i ]
c= cnew. [00202]In other words, the influence of the old coefficient set is
conpl etely gone! [00203] The inventors observed that in many audi o streans
and downm xi ng situations, fluxing coefficients do not often change. To

i mprove t heyRRsro0d FBRGR: A ddP@nikin¥R1a@onad, LRI X IHIBdBY LERS Sp for
enbodi ments of the tine domain downm xi ng nodul e i nclude testing to

ascertain i FNRIASSHSVRHATESHYCEWe PR RIAPEShers thEireong RERGEXSP PEMESHE #1dpr evi ous
val ue, and idynifiing bOnERE LctAHed IBWRRIfi Whea iR IR@ng blechiHRYar RAMGpEhanged, to
carry out cross- fading of the clownm xing coefficients according to a

pr e- sel ect etnpog PHE vectatiiprdoovicnuteivose, ifithe eavedaymoringdaie areccheangafl Frdow
function is YY) ' '

overl ap @ ad dth% E@rdg??@h%ﬁgﬁgwé%ﬁgdqgﬂg% d :(iérrtg%%l&ﬁg Q@lg{%g%ﬂe%%ﬁlglg%\%ﬂg unction
i s used. [ 09204-t&igg opbatioshows sinplified pseudocode for one enbodi nent of
downm xi ng. The decoder for such an enbodi ment uses at |east one x86
processor thadudingpricessingannveed datal nstructions. The downm xi ng i ncl udes
ascertaining if the new downm xi ng data are unchanged fromthe old

downmi xi @P28atl a.ln bdmedywnnkging envaipns, thgreiinegtl lerdemesbannehatyipes wt r unni ng SSE

vector | PStJoH%bhEéQ§ hh%’ho% L&a3 tpg{‘ﬁoroefxaﬁlﬁl%, ig an?rcasg%)&g:lo)\gv%glbaﬁ Oﬁga%ﬂr s, and
cl ownm xi ng usi ng € unchange ownm Xi ng’ data’ i ncl udi ng execu Ing at
| east ane ramdivi tngtefsSEhy €EE ohannglss natgtdlwlad, sQithme thaideenmixf is Heo AdwIlsdlownm xi ng

data are changed f Eh ol d. cl m xing data, th t hod i ncl ydes
ot or m i noeroca o ERLE By eTn G RN ARt Sendlf N SRl Pl S
Excl udi ng pis aeeasi hgAdrmeedadoltatty hdR053d i tirear fol WIS Xh RGAGI3t hat | ons,
there is at lfelll?i?('lse%co%re]%ar%rr}l%trf]:p gf!ter'%nkfr?éts w gt gr or}%%t the LFE channel is included in the
downmix. When the Ifemixlevcode parameter is O, the LLFE channel is not included in the

15 downmix.

[00206] Recall that downmixing may be carried out in the frequency domain, in the
pseudo-time domain after inverse transforming but before the windowing and overlap add
operation, or in the time domain after inverse transforming and after the windowing and
overlap add operation. Pure time domain downmixing is carried out in many known E-

20 AC-3 decoders, and in some embodiments of the present invention, and is advantageous,
e.g., because of the presence of TPNP, pseudo-time domain downmixing is carried out in
many AC-3 decoders and in some embodiments of the present invention, and is
advantageous because the overlap-add operation provides inherent cross-fading that is
advantageous for when downmixing coefficients change, and frequency domain

25 downmixing is carried out in some embodiments of the present invention when conditions

allow.

[00207] As discussed herein, frequency-domain downmixing is the most efficient
downmixing method, as it minimizes the number of inverse transform and windowing
and overlap-add operations required to produce a 2-channel output from a 5.1-channel

30 input. In some embodiments of the present invention, when FD downmixing is carried

out, e.g., in FIG. 8, in the FD downmix loop section 711 in the loop that starts with
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contribute to the downm xecl output. For exanple, in many cases of

downm xing from5.1 10audio to stereo, the | .14E channel is not included,
so that twedovmpdst is 5.1 to 2.0. The exclusion of thePCi/USe#anessB3 from

t he downm x may be inherent to the coding format, as is the case for AC 3,
or controlled by netadata, as is the case for E-AC-3. In E-AC-3, the

| fem x| evcode paraneter determ nes whether or not the LIT channel is

i ncl uded i nejédiéne §O3RAAXvicVN@ANY HRrenfeBRli B BVE AlencRAARRY, BRosk Shddnelt & LI T
channel is not included in the 15downm x. [00206] Recall that downnixing
may be car rigldedup theslopRaiy are gurdiley IdBABICACSSINg t he pseudo-time domain after
i nverse transform ng but before the wi ndowi ng and overlap add operation, or
i n the tileA208bnddawnafitieg in ather e ptepdntfo domng afierdhaivease trdnsfonn hdow ng and
overlap ad i n many
nown B 20 KSRl b bl (TR R S P A Bl 0 TR
and is advaamtlalgae\@msowmg gnd ovedaaugis bfs ¢dngpupiosadlyeEiadnt TIHBNB; thpﬁeapﬁbne}tl nme
dormai n downm xing i s carrie co

rbod ment <t Rkt S PR e e 25 B et e
over | ap- addis optic@bitomnthp pevtddemeidom@ineTie 1@V@§esfaﬁlammgpdrktain it cardeivant ageous
for when downm Xxin oefficients change, and freque mai n 25downm Xxi ng
o carri e BTGy R RSO e TR PO IRV Ren condi 11 ons

al | ow. [ 002@ahkfohs iiusE Usoaets hekhgicd ouﬁdrﬂﬂdﬁ@ﬁyhﬁﬁﬁalﬂlﬁgwﬂpiﬁatﬁgall}s the nost
efficient downm xi n&’f method, as it mnimzes the nunber of inverse

transf dPm aREUHNESRIcHGE RFUSY Br hagisa akihe HEF shangeior being nglydedotsy oduce a
2-channel ot rdnfi@Fh & sﬁu%a&e@embr BRIARIALL Thid uﬁ&@&smﬁféb%@w of the
present invention, when ownmmglg is carried out, g., in FIG S in
the FD dowﬁ#sr&flqaabt&cweteivwhmgb th;L¥Th ghange] ps liied @Pé‘ﬂd@l Wl yingthement 813,
ends wi th 8ld. antn\@ah TROLEE 'cHan‘?lélE}ecﬁlf?re& hemfexdonphaniels a %189%%&hanne! S _nhot
i ncluded in the dowmi x are excluded i n the processing. 208] Downmi xi ng
in either tineergsteanslorn inanydeihbandwidih elranpdellergentoss reeqeniyPdihis but before the
w ndowi,gg Q%E‘fﬂh f

t ransf or@m H&f&\éﬁ%ﬂ %&ﬁ%«%&})oﬁh %ﬂr%%)ff)tve 1%:%%? add | sﬁcggéﬁ{ggnfgﬁltgé)? %{g{{gﬁ y

ef ficient tiwarconmibpiwe qhamqiseﬁ(cl}e lﬁommunchahmlmmyn pwreglemlg dl&ylndéﬁcmaer s, such
as present- %Mne%a?do%gﬁ&dgntﬁbutg?% no%tpu?chag‘ els 0 de ded au 1(% ql? G;H‘E eUdO time
donmmi n. The Fnverse transtorn operation s carrie epen nquy from
dowmi xi ng @mmdanencsntheedegtlfymgrus&ap@mraatemn@giuinemdata' tlnet detﬁn&rthe transformin

h d d h Thi t at |1
RO NN T R T RN

bei ng i2ocl ugconiridatinguhatime Sbmalaﬁlfbemmems ofthe hﬂveﬁxafnrmce@tleqmtfoﬁnﬁﬁg ihis
channel . Thi s unnecessar rogessing i s significan beca even though
g 3

the 1. 1.E CHEGHRSY © Bmp s SHaar aue h phange] Syhich pontrbutes it & ¥um OPRHS f or mt o

the | YE chaniels, iRhb p&SorMmsng g fre GRABHoAnkeafndSriidh Yh BEhtidkeitisy er se
transformto an){ full andwi dt h channel . The i nventors recogni zed this

15i nef fi ci efapael ghich dassubronsiiute gihean phagad sienalnpdbg 30 3 Aerampde in

i denti fyi NOwRBEHO L FARASIBOM:S S cbARBEE RAhE DA S SthO fnvERE rMstorinNP YL
channel s, a non-contributing channel being a channel that does not

contri 7t e adMHEST MAHFHFIOUEIHEARENS fl@fbaa@w@@é@aw&r &, thatghesighgrse
embodi ment sy, LG, 'pQI%BB Esfcléhféa oHtS\@ﬁh FRERY T8 :Ofkc i En & the (R RAGALAt hat defines

t he downmi xing. In 0 downmm xi ng exanpl e, the LIT channel is so
i denti fi ed 1mgspuzces requlred for all 5 1 channels Since the IMDCT is a significant source of

computational complexity in the decoding method, this reduction may be significant.

[00209] In many present day decoders, such as present-day E-AC-3 decoders, downmixing
30 is carried out in the time domain. The inverse transform operation and overlap-add
operations are carried out prior to any TPNP and prior to downmixing, independent from
the downmixing operation, e.g., in separate modules. The inverse transform and the

windowing and overlap-add operations in such decoders are carried out on all input
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20non-contri buting channel. Sone enbodi nents of the invention include
performng a frequency to tine transformati on on each channel which

cont ri butwe 200/wkws7Mm out put channel s, and not perform RGTASgOfNEFFARNCY tO
time transformati on on each identified channel which does not contribute to
the Man channel signal. In the 5.1 to 2.0 exanple in which the LEE channel
does not contribute to the dowm x, the inverse transform e.g., 25an | MCDT
i's only cardn.@g1Otthis mokﬂibatahbﬁaﬁyw&t veRandntidihoee AR neks ca@rihatrit he
inverse transformportion is carried out with roughly 16% reduction of the
conput at i ondrNeéBhrEadncudgdi theigverey ragpfors and WH@ﬁW@EéVGYQPr@é@ ageBll| MDCT is a
Si gni f1 cantc QU &P (niC AR Al QDAL CARRI GG & ighiTitaABEALLNG, Rt hod, L hi S

reduction may be significant. [00209] I'n many presSent day decoders, such as
pr esent - daythfughthaLifeclpdedl ¢ llrmmﬂrbamlwmhgammsg beriedraorinnngdhe tinme
donai n. ;The, q@ﬁ&gg] ~ S are
carried out‘%ﬂ%ﬁ%ﬁﬁghkﬁy (%ﬁﬁﬁﬁ%fg?ma?gg%%%hOﬂgs3ﬂg$%%§%e %gt fromthe
domnn|X|nglum@@anamhwuépghngﬂﬂ$s¢QMamwfhbdmkmmmh¢MEnﬂnM6pme transform and
t he wi ndow n rl d_operat.i on r rried out
on al i nputesAAly € Ry B SRR, P S RORF oG ERanY
because, i nintoler cas®lioéntd, Idewmﬁﬁxuigamneje canted beu inghel tnmd dosheadh ddphlingnarer se

t f d dd till d f t h | .
Thi's. unnecaBealy B dcetamiars ERahmPbaSteaen SRLES Sy Bl e T e

channelioi s pres@ht i@eknliamthwidehTD apphiyiixing it bediinvhelk Séentifyanysdne bimafkchon-

Sover| ap- ad the I Ark nnel re uires as nput a as appl ying
the inverse OE‘FE’HE%?W%F#&PR}&WQH%B\AP%? Byt %S%%g%ﬁ?mf E‘FF&GB%&H% dt h
channel . | nussoimr@biade B Hemd@h tHah@ rREESEe Bbwhhik et InQRe 5.deymi xing i's
carried out in the tine domain, and in other enbodi ments, downm xing nmay be

carried outdIniHag erampldivdith Gamehiisn gleaiisds 2 gap-conrEdwne sk ng the

downm X et ik §RlcRGIdnANL 1R hFentiSIPMBILEIHO BB LS ierst R8nstQRr gseNt 1 nvention
in which TD dowcuni xi ng i s used incl ude |dent|fy|$g one or nore non-

cont ri Bat i nigeaprenie ige grnsermanpmon ¢aglyehapped aédhcontrifuigyipeheMp @PitBint s, t he
identi fyi ng.puses Wi R PBEdRthe Sy ﬁequeﬂ?;t @C!i%ﬁeatraﬁl%hnﬂ%ﬁlaﬂ@&hérhﬁnedomU”' xi ng.

In the 5.1 to 2.0 downm XI ng exanp e, the LEE channel 1s so identified as a
non-contri biﬂmmgpm%m@bn eaSh freneélitsotimehwhich floas et donvibnteitotheiMol ude

performng gn, eﬁ‘wgﬁaﬁelnttﬂe%”ﬂogzlz@xalnpf‘e in whitht Ee%@ﬁ&%nﬁ?d&és’l%l%t éorn?r ?ﬁeﬁ%{mti on

on each channe Ich contri t he out put channe

perform ng mﬁ90Wmemu®ﬂuy6$©HMBﬁEmt¢gn&dﬁmﬁﬁfnbﬂowmupﬁdm@mimﬁﬁENB@main
proces |ng on each | i e ne ich dogs. not cont ute to the Mm
channe% S|d%%ﬁcm?’ &1fw?§ﬂ§ H@%%P&Q%m?%so “ﬁ tReSTH %&Bﬂmaﬁénnel does

not contri b\uméoxt/mg/bhf&lapladwp@mbm ar haemdnw et rdslrgalysh%@r ucgiog of than | MCDT, t he
overl ap-add, and .t $ rle ful ] - bandw dt h
Channe s. S PRGEOERE A PEBE) BRal sirrais Bihe ROWHR o HEE ol e
common processing logic section 731, one feature of some embodiments includes that the
processing in the loop starting with element 833, continuing to 834, and including the
25 increment to next channel element 835 is carried out for all channels except the non-

contributing channels. This happens inherently for a block that is FDD downmixed.

[00210] While in some embodiments, the LFE is a non-contributing channel, i.e., is not
included in the downmixed output channels, as is common in AC-3 and E-AC-3, in other
embodiments, a channel other than the LFE is also or instead a non-contributing channel

30 and is not included in the downmixed output. Some embodiments of the invention include
checking for such conditions to identify which one or more channels, if any, are non-

contributing in that such a channel is not included in the downmix, and, in the case of
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wi ndowi ng/ over| ap-add portions are carried out with roughly 16%  reducti on
of the conputational resources required for all 5.1 channels. In the

f | owchar twof20AV@2968, in the common processing | ogi ¢ secPCOMUSIAL/023508%
feature of sonme enbodi nents includes that the processing in the |oop
starting with elenent 833, continuing to 834, and including the 25i ncrenent
to next channel elenent 835 is carried out for all channels except the non-
contri but i nghChARREHSwnnliRing, LR PAEIRid YIS tMrofagﬁ inded @fKfdrR@hai s Up
downm xed. [00210] Wil e in sone enbodi nents, the 111 is a

non- cont ri bYiPey ovdikkAred opgratipns fqr@ﬂ)h@?ntlfwé Inaléfé‘éfltiﬂﬁltltnﬁéh@ln@mr ni xed out put
channels, as is common in AC-3 and E-AC-3, in other enbodi nents, a channel
ot her thd@021he TUEciagpdd, S0AGTS dnddt G, Hiervome contrdonditipmgn shahtel  30and s
not includegd h yention

i ncl ude chec un&c?‘orrn%g\tlj@ conﬁgﬁ%r%ﬁénnté% oﬁ'ﬁ@?&%dﬁﬁ&% ﬁo‘%mlt" go‘?‘r@

channel s, |dhaamjs Thse corgliteom tueidofitiddry rilemadataanclmd.«bdlnn aeemnerbbltstrsamot

i ncluded in e case time 0 Xi ng, not
bor t or mi ng. BHEERSEAGY FitpSthe PRobPE SSRREEP b iRl lREIEH s acd
oper ati ons defihcsany dovatemking iithdr@micaser pbarhérg. channel . [ 00211] For
exanple, in AC-3 and E-AC-3, there are certain conditions in which the

sur round é@dmpelﬁn@@d&wxaﬁlb@s 6EALIL i CRAN PRlamBleR AAOhov H&bﬁ&@q}oﬂ n the

downm xed out put 5channels. These conditions are defined X net adat a

i ncl uded i nllPHEtiehpEHsEs @Ff@ﬁ@%&é% nf fragering dtefe dsACHhevahet adat a,
for exagpl eypdRY abWihit OV 08: ldeR)nﬁl&% aﬁjEIR‘t %%m@ J&?roﬁ'&i’%%d&ﬁ@&réom' udi ng
m x | evel paraneters [ 02 ] Sone such exanpl es of such | evel

par amet er s RTENA dAVHREAP A 5erychgnma) Ji¢retssignal.iley Opﬂrepf@%@nxeérstemél@alse of
E-AC-3. In gowp er>L't1@t9m‘a9 bé%ﬂh@ﬂnix@dElﬁ&lo3A3tWPL&iQerﬁﬁd Rix LOUREX] ”9 are

provi ded: downni x to matri x surround encoded stereo pair and
downmi x to @neteqfwetmlﬂmnlﬂv, ésrti@r3elmt iRynsrroundoR, leveh eodd oimmeddetpsurmaixkeay SI gnal

(LoRo, or Lihﬁi%&t% gl%)ﬁ] Fl%%a H&)&Iﬂl‘ﬁ léVef((g?th ”g?‘gf‘{ha@‘ %vp 'tﬁ[ re&‘p att ?ﬂérléf? !fll

| evel code deno surm Xl ev, sur roun evel code
denot ed5| ormghuchmnré¢lein a InBi, oat.eRe hm»zmmmmajectd@vynmwalde@ﬁbinaxyf 111he surround

channels with respect to the left a a or LoRo
oo T bk DR R 1A Bt PR e ST RRB SRl Rl s T ool ot
0, i.e., - t@Bote&ltbucmlﬂéﬂoraﬂdnxlavﬁmlmﬂhenormnxl doemehx m@deﬁ tirdemated

Itrtem x|l ev, x|l ev indj at the nom nal vel of the center
channel Wlt‘ﬂ““i1 iﬁ@ ffesP?ftforfE 1egtf HRY Pt ity a WAk and | nRo

downmi x, 1 eggrelhieweAWalud of Binks ‘0f1” Mdiale a dbvAmix 1@&1:,11 6f0,68., acd®WNM X | evel of
0, i.e., -galB. 20 [00213] There are conditions in which the surround

channelsg 6528 3N OtTh RGUARMH bR iR GAROTEeEH GARRI o€ BANRGhRA il e E- AC- 3 these
conditions are identified by nmetadata. These conditions include the cases

wher e sur m davewnixedxipuf dangely i §)AC-p theps enmditioneare identified bygpriadata.
I orosurm xl| B¥Se cohditions fhad tlﬂg§e€se§gﬂeck: Eﬁr‘i’tﬂ§levi"i]0’§g@3 only),

Itrtsurmixlev="111", and lorosurmixlev="111". For these conditions, in some
embodiments, a decoder includes using the mix level metadata to identify that such

25 metadata indicates the surround channels are not included in the downmix, and not
processing the surround channels through the inverse transform and windowing/overlap-
add stages. Additionally, there are conditions in which the center channel is not included
in the downmixed output channels, identified by Itrtcmixlev=="111",
lorocmixlev=="111". For these conditions, in some embodiments, a decoder includes

30 using the mix level metadata to identify that such metadata indicates the center channel is
not included in the downmix, and not processing the center channel through the inverse

transform and windowing/overlap-add stages.

45



enbodi nents, a decoder includes using the mx |evel netadata to identify
that such 25netadata indicates the surround channels are not included in
t he cl owmwDxp11AI0Eb6MOt processi ng the surround channel s Phrasgét1oks3s nver se
transform and w ndow ng/ over| apadd stages. Additionally, there are
conditions in which the center channel is not included in the downm xed
out put channels, identified by Itrtem xlev== 111 ', lorocm x|l ev==" 111".
For thesgqogqafi trh 96iSe erhbbafAdHRs, BIERAG &,on@oﬁﬁ&@%ﬁ cbl{tﬁwfﬁg%héiﬁ% isng the
mx level metadata to identify that such metadata indicates the center
channel is 9Bteni ¢peregBidAP AN gramalswiaidentifying indedep idseds g fdethieonedit er
channel  thrQy0tnkiels SIS RidhRAST A ARG HLAIOWNAL BKEE e BHld St ages.

[ 00214] I n sone enbodi nents, the 1dentifying of one or nore

non-contri mh@mmbs Atagasat of Gontenbinemt 1Sdlé@ehd@1¢tembA@n@n@tf@xmmr@0f t he

| dent i fi gy G 1 AR W% JIFERSh AR nIRERLENADBRLS LABYR (8D

i nsignificant amount o ntent relative to one or nore ot channels. A
neasure of tonftselte laynbuliie idegtifysrednclides opepaimg ki difierencetofi empaswe ef of
Scontent anp| whi | i asure of
cont ent armun e% %uﬁpﬁetgyenlpairso g(a/réqe%q% ‘?{a ”nglylfﬁﬁg}s imﬁ%: a?ﬂ&)eé c%nr?parl ng
the differ emﬁwdoﬁmt h@nﬂfm@me oohomarmh&nntnbmgmaﬂmtmﬁémdepaﬂcelsalmhg dhannel s

1 ttab th t f
e o hE stb R Ry coRef AuP iR TR Blogk S 198 SR LATHITE BapndRERERy Y bugg”"

channelt OCOI‘ﬁrﬁﬁlTnt B Ukt 0dettabldihesskold $n dré&So hdeadie acte Jufrotid dhhmnsla cont ent
10anpunt by at %st a setLabI e threshold in order to ascertain if the

sur round ch%ﬂ‘?rF@Pmi dting ghaanel ont ri but i ng channel . [00215] | deal | y, the
threshold is selected to be as | ow as possible w thout introducing

not i ceabll@23pl i fldeails, thathgeshold isselsaipd i bead laretssnosrible tvithpg iRffadHeine i n order to

maxi m ze i deptldpy Ma&bﬁf%]ﬁla FoRemALNTGADH bi RLLibRG i abfIHGSnliAe amount  of
conputation required, 15while mnimzing the quality loss. In sone

enbodi ment siderdi Yingehanpels mr@g%m@ut&@éo prdocd e amewnt ob¢ofputatinn regeieestdi ng
appl : C%' On@hllevﬂntnnmtzﬁg Q&hﬁtg l&g th l@%‘ﬁéa‘gﬂ)cﬂln{l&{m iRt {hgééil(ﬂp Q@COd' ng

application represent ccepta nce between quality of downm x
(hi gher th r}:eshdetctfsy dléfntdrnmmjngmpbc&allonsz onhltexdhpice Détlhmshwld for (al pewienlar

t hr eshol ds) i I 216 i ments of
the pr esent e ABHPISREE kS AR Seb AR SaRh ARk P RLT EVAREL T es pect

t o anot her (dnigamhﬂeshoﬂdsb tisl c@n@ngyomaﬂ ccahlﬂatilytreddcemedlowa tlatshbkla)sfbr e dB bel ow
that of the ot F a%nnel I deal ly, a channel is insignificant relative to
anot her chahiel' f‘lfp %% ner gy or absolute level is at |east 25 dB bel ow

t hat of t he ot her channel
0 [00216] Insome embodlments of the present invention, a channel is considered

insignificant with respect to another channel if its energy or absolute level is at least 15
dB below that of the other channel. Ideally, a channel is insignificant relative to another

channel if its energy or absolute level is at least 25 dB below that of the other channel.

[00217] Using a threshold for the difference between two channels denoted A and B that is
25 equivalent to 25dB is roughly equivalent to saying that the level of the sum of the
absolute values of the two channels is within 0.5 dB of the level of the dominant channel.
That is, if channel A is at -6 dBFS (dB relative to full scale) and channel B is at -31
dBFS, the sum of the absolute values of channel A and B will be roughly -5.5 dBFS, or
about 0.5 dB greater than the level of channel A.

30 [00218] If the audio is of relatively low quality, and for low cost applications, it may be
acceptable to sacrifice quality to reduce complexity, the threshold could be lower than 25

dB. In one example, a threshold of 18dB is used. In such a case, the sum of the two
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[00217] Using a threshold for the difference between two channels denoted A
and B that is 25equivalent to 25c1B is roughly equivalent to saying that

t he | evelwof2otiiw2®sam of the absol ute val ues of the two ebausedis/oras3n t hin
0.5 dB of the |evel of the dom nant channel. That is, if channel Ais at -6
ME'S (dB relative to full scale) and channel Bis at -31 cIBlI-S, the sum of
t he absol ute values of channel A and B will be roughly -5.5 dB1-18, or

about 0.5 dBagieRah belWigtin httge | 88 et mefieveldinelhahel FRh ARHLG4 fevélhﬁn@udl ois

of relatively low quality, and for |ow cost applications, it may b
accept abl e 1ey Realiblg leée%ﬁalavqswbletcshﬁﬂé@la@@eém@feplﬂble otk eshol d coul d

be |ower t h@ﬁbo%ﬁnéﬁ? a tllnlash%ﬂﬁofqg %@HL Qsedaint\xmic@lscla&' tge chm érfscchtJ}oSchHﬁ%ﬁ is In such a

case, the sumof the two channel's may hi n about B of the | evel of
t he channelwmhltllln5td1ﬁeofh1i1€glh@10f@vébmmm@amy be audible in certain cases,
but should not be too objectionable. In another enbodinent, a threshold of
15 dB i s [a0d6] ilnsad @hbelasanty, beyemutrasholdhee twd, €harid®l $8dBs and 2HiBn 1. 5 dB
of the level of the dom nant channel. 5 [00219] In sonme enbodi nents,

aﬁvler al dt[(mzeeholrdﬁe AhewvhRadnti6yigh non:l@ﬁ&butlzhman%ms aésglaéled%&azﬂ)bbgt et Pat
ile ident] non-cont ri utln hanne I'S descri pe erelrn anove r1or
AC-3 and F- RE:X ndd™ ﬁ&e%f‘iefla‘? nc%?ﬁif‘rbi“%’&& Ghyagne iFF&WFFe‘P [ helayeRtign 5t he

i nvention igNQked torgh&tﬁfdmms TURS th@HaRBIE exdHPE alsh PidVRIcSafofRitio8 )Pl e, al so
provi de information, 31%1 nmet adat a regardl ng the downm xing that is usable
g O,

for the i denttpdan Iﬁgaréun WP%?%th%ﬁusaE@é%?? ideRitiying OE pRerH 8108 nBot h
MPEG- 2 ,HAC c(ohéf»@uufg(‘ch%%?&&szaq MPEG W@&/&W@@m@héﬁ@f AaMBAG IS R)o ar e capabl e

of transmttin is referred to by the standard as a "matri x-mnm xdown
coef fici entdSO/ %@@M%d@rﬁéﬁ%@e fotfapﬁ@lttmg\}@wt isgefemesk to g theditangard aeh f or mat s

use this CO‘%thu?Hh%gfowBQ?&ﬁaéﬁtr’ nﬁ)fo@ Qi (HLD n&élgfaﬁ{iect)(ﬁlﬁgb&h?’/ 2, i.e.,

Left, Center t Surroun t Surround signa
matri x- ni xdbvmat@w@ftlﬁls cieltiont Suemeirust mtsrehownplhemgw fround/Lhanhels are m xed

W th the ”?éhtter%gﬂtnﬁéé s&? ouhd rﬁﬂ%ﬁt&%\%\rﬁ&bﬁs@@%ﬁ@ {nxr-ﬁﬁ&ﬁo%&@e;f' cien OUT

possi bl e val'ues’ o rx Coetticient are possi ble accordlng to
each of15t hekgermienbay ds,suonadchanshis (afe misedwiti\thedtonechafinds toesustist thay t he

surround ch nnel s not |n t.he MPEG- 2 AAC
Gocoder or TERG ARt d SR St T S SRR G bR e e
generati ng mossblenaordng @@aane tuhamamdarcfsr@moachB 1§(D gSn@dluaﬁmrrgsuﬂthel m xdown
coefficients signalled in the bit ar and f entlfylnga
on cont 11 b G BRSNS B CRnRa R B MR st T UREOGHABE deeiih ol

case, the i®WePIBE4ARINSIQHAG BAbETIBhe M aﬂﬁwrﬂaaﬁweﬁdl@]@gaﬂkﬂatﬁl@q&m dg is not
carried out. [00221] FIG 12 shows a sinplified block di agram of one

enbodi nt @@nodiwéggmﬁéﬂ signal using the mixdown coefficients signalled in the

bitstream, and further include identifying a non-contributing channel by a matrix-
mixdown coefficient of 0, in which case, the inverse transforming and

windowing/overlap-add processing is not carried out.

[00221] FIG. 12 shows a simplified block diagram of one embodiment of a processing

25 system 1200 that includes at least one processor 1203. In this example, one x86 processor
whose instruction set includes SSE vector instructions is shown. Also shown in simplified
block form is a bus subsystem 1205 by which the various components of the processing
system are coupled. The processing system includes a storage subsystem 1211 coupled to
the processor(s), e.g., via the bus subsystem 1205, the storage subsystem 1211 having one

30 or more storage devices, including at least a memory and in some embodiments, one or
more other storage devices, such as magnetic and/or optical storage components. Some

embodiments also include at least one network interface 1207, and an audio input/output
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25system 1200 that includes at |east one processor 1203. In this exanple,
one x86 processor whose instruction set includes SSE vector instructions is
shown. AIwO 28tiome967n si nplified block formis a bus sub®gstsa112253by whi ch
t he vari ous conponents of the processing systemare coupled. The processing
systemincludes a storage subsystem 1211 coupled to the processor(s), e.g.,
via the bus subsystem 1205, the storage subsystem 1211 havi ng one 30 or

nore st or agRbeRNhCeD9 tahednudidporets dapamtl ah IRIREYorR R mblt ISROBAFRRG Nent s,
one or nore other storage devices, such as magnetic and/or optical storage

conponent s. theBRd g dichBitvaveaioges opdrviapea it of lerdspeakae onemsiRs- Wer f ace
1207, ‘and afje A4l Qay NRHS iﬁélﬁ&cégtm %@%&é&ﬁgsﬁgﬁ,ﬁﬁét\iﬂ%uﬁ% RGFERhoEGM data and

that includes one or nore DACs to conver data to electric

wavef or ms fdill idrthadrh gndithgleare gt showrdiogdakerfor be sakgrophiowlsity. O her el ement s
may al so be included in the processing system and would be clear to those
of ski |l b [00222he Tae ktoraandulishadm 42 indtides ivpvmctions F11G. thdl 2/hkoexcetned sake of

sinmplicity. 5 ‘%00222%% The sﬁthorage subsyst gm 1211“1 ncchud i.nstr ct[i ons 1213
that when &XEETUT &Pt HE proLess g *EVet &t e JUs e The r%%@é‘%‘i#‘bﬂ systemto
carry out d@aclodisMyn canatldofendaded atidiatiata cd. UdaAs -Ndaa eitarinedcsdalf avaiac oded
audio data, ,e.g., E-AC-3 data to_for ecod audi o data that includes Mm
el o ordaBiintd A ik 2 ot e VAR P Bt R eR  or
today' s knomrNCBéH 6@y sQint®h Sodif-drifits, h=80€ 1 BROmA0 od1, batkhe idventoAvEmii on is
not 10so limted. In sonme enbodi nents, the instructions 1211 are

partit i18neosoiIHQIE?dn%‘dﬂ‘inéEmb?ﬁlﬁél?ts’iﬂi‘f‘slfl?tﬂﬁl?%r}g1]( ot ﬁé‘i““%’%?ﬂtl{}\%élrfé)du@%lS al so

typically an@el RGtiedH (blfledsDBwaEPIAGAISS WHidAHY @R indiRaeBedi-peat shown
includes the follow ng nodules in instructions 1211: two decoder nodul es:

an i ndepend®htysfpahe gniodipens shawndadpdts thefplieiag medaes igapstiefgang dakl: g
front-end dﬁ%%@od@&%ﬁesl%?i%gﬁqagde%t }‘é}%ﬁé‘sﬁ N, RECRASIPRANIE 11238, a

15dependent frame decoder no 225 that includes a front-end decode
nmodul e 1235nglndesa fivatkndededod¢anesite 1P danda hazBend decodamedyla i BBpat i on anal yze

modul e ,ef i&?%@ﬁ?ﬁf%a%&fdg&%%}mk?‘@& 1%%9?{%%@&}&& £ eofiE ﬁ%@co;dg%ﬁﬁlie?%ﬂr{d Stream

| nformati on ta om eac rane to identi the frames and
franme typesakagh-ehddgppdyindél¢ hB7i demné nf@thafioreamelyz¢ modygpprbpri ate front-end
decoder nodul.e j.nst jations 12 r 12 .20an nnel. r nodul e
o P ot r vor BulcifR a0 It LR FaRh Bt fOB] Sl EIANRELOTARRET ThOM ®
t he decodedfidataa fromnrnectespactiidatilyabk fremes ahd Ciade typeedoddes ptayvideahan t he N. n

channel s of. decoded data. 1002231 Alternate cessing sy, m odi nent s
seioltR I rip e s e N SRS ot kT v L et
c , be odi standhuhthel th nSdul®dEnQfuci®@is€ 207 thhihehcdZz xemedlags innmycdde i n ot her
processi ng temsec f}ﬁjléia to 0 ir(;1 rsocess.i n ?(ys(t;1 ng@Ba :3. rieft:wr}ark i nk.
Such al tern&%icaélﬁ%‘é?m P e\%ﬂ?gﬁr%éa %FIB&?SP?C&V%R%? of g? %HW‘} SR i n the

art. Thus, thONSORNRMIA:ARB gata.t he system conpri ses one or nore subsystens
that are networked via a network |ink, each subsystemincluding at |east

one procg55228} [&%ﬂ%fje]pra_&%@ng styg't%m%%m:hfggna%xﬁlﬁf@ogg of e p]‘(?cegsgfsns an
enbodi ment of  an apparatus for 30processing audi o data that | ncludes N n

channel s ofcospledbedt leastipny ngtrcak tiek.fi.or he decibeaed That is, one or more of the

25 modules may be in other processing systems coupled to a main processing system by a
network link. Such alternate embodiments would be clear to one of ordinary skill in the
art. Thus, in some embodiments, the system comprises one or more subsystems that are

networked via a network link, each subsystem including at least one processor.

[00224] Thus, the processing system of FIG. 12 forms an embodiment of an apparatus for
30 processing audio data that includes N.n channels of encoded audio data to form decoded
audio data that includes M.m channels of decoded audio, M>1, in the case of

downmixing, M<N, and for upmixing, M>N. While for today’s standards, n=0 or 1 and
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audi o data that includes Mn channels of decoded audio, Mrl, in the case of
downm xi ng, MN, and for upm xing, M>N. Wiile for today's standards, n=0 or
1 and | naWoan102wrher enbodi nents are possi bl e. The appearatses tiopssBides
several functional elenents expressed functionally as nmeans for carrying
out a function. By a functional elenent is neant an elenment that carries
out a processing function. Each such elenent may be a hardware el enent,
e.g., speci@loBur RARLe RN Eare ?&sﬁlepm@%ﬁﬂaa@ iRYREEEVEARLn@IoRgl udes a
storage nedi um that includes instructions that when executed carry out the
function. THeEMeNSREPESEd fgrctimatly ag peangdprrgasingeriisiupgiong@e e poriat he audi o
data that 10Gh4fiRSmbENANIRIS il A0S 0deBUALR: HALACIEALEE fumah_encoding
met hod, e.g., an EAC- 3 coding method, and in nore general terms, an

encodi ng ek etlhﬁadwai@dpm@efsgtmmlrmlmm%@ardn\wngﬂa@r@v@mgapﬁ@rﬂlhat ansform N
channel s Of iyl 3lor AN AP nf 08T NN, IR AGJLSGHE BN oM N
exponent and nmantiss ta, and form ng an |ng nmet a at ed to the
frequency dondion. B)emppammls alhtd Gmbhinckides maforBMngtthdatd@wm@tnal |y

i ncl udi ng at r Rals £.OC 225] The
appar at us rﬁélP&jea l\?chagne?‘s (%%néo% alﬁp (§ deﬁa %Iﬁ:gdegic aﬁ)lteg d‘ﬁestﬁo a? 5 L? 8022 6] In
sone enbodlA@ﬁt@dmgmeﬁ@an&dﬁmmoﬁegmdnhgrmsnm mded;ngrmamsdfhathmmmskl ng the
15net adat a and. means .for un ackl n fre ency domain
exponent. ariRTRe dsing i eRAEH IR P, SRy ER R R D gh HERRY pif ot <
fromthe uqmzlhg&e@mdcﬂmaﬁe&pbﬁ@mm&nﬁ%t@mtanalﬁwpﬁmglhnmdklﬁgnt| ssa dat a;
nmeans for inve se nsform ng t f.requency donain aps for

appl yi ng wi Refavi é‘ﬂdo By ey C&Eﬂ“%ﬁ&’ﬂﬁ“?%ﬁgg?lﬁm&éat%‘ qﬁé“? ed audio
dat a; man%ﬁtlaﬁalgpﬁdludlﬁgmaa&atar RIS dhafsicAn e 8 ise PFReR@se 20processi ng
decodi ng according to the netadata related to transient pre-noise

processi 'i&bzzé][“)d T"i'i%%ﬁ@reftﬁ’sr mclhdé@nﬁ:‘éi{ﬂ%‘r AdcB@in l\gﬁfé%&b{&g ab@o dynm xi ng data. The
nmeans for downmi xi ng, |n t he case downm xes according to

do""””! Xi E&)Zggt 'In scﬂﬁé % ge s ARy &%an%qgro | (%mr?%lgghgegtéﬁvaqgs f'ghgllri_qulané 9 and,

downm xi a are c rom previ ous uni xi i f
changed?s aupd:tycilatrgam:lmss foadnmagkih® ardietbeclanrbaheg thledi&qua‘najdédnfﬁﬁ dxpmmt xmmg dat a
and downni xi n he. cross

o amaad AR GeL S el iR AR R AR AR B 1 D007,

Some enbodi dmorlesl frequfdnuydéorﬁaﬁa@ohmt and metitisad dutmgleﬁmfomnbémmmmgr "I'D

downm Xxi ng wnm Xxi n sed and. ans f ownmi xi ng t hat
v g B¢ e R T ST ing by sl rarp e ©

downmi Xi Ng @licrihht)sadlPam Bidd dgda; infeans3Or MpBEn D&HAEdRied SatsRndpomaisyi ng,
i ncluding neans for TD to 1-1) downm x transition processing. Such
enbodi fént sPrafesHing ?F@P‘%}H%a‘i’f@élﬁg 'p e Mgt relpyed SRS ient ARG PIBFSHRS cessi ng.

The operatigQ n@fand REFH c@bvaﬁieﬂﬁﬁsacb&dﬁ@ lesedrhiRRd dh@r Phenedh®R238] |1 n sone
enbodi nents, the apparatus includes neans for identifying one or nore

non-contri b@ﬂwnﬁgme&aﬁﬁ@cgsed\fl<¥ﬁ@wmmﬁxqs ApPrdighiQrieeneixiag ¢igh inchiingiiBut i ng

channel bei pgheanHRARRE, il wildRs tH%Qleﬁf?iB&ﬁg DL ge bRnbOEMLRDRDAE! S. The
appar atus does not carry out inverse transformng thé frequency donmmin data

and the appisyd Agvinikingdptapindciésisinagl. sprdyinGerssstiaNipg or degsretricapesadifledn t he one
or nor &gl de(ﬂ)txx}nfrﬂiﬁgg gan ér?cp(ﬂ)txx}’nlnﬁﬁhé Q&oﬁﬂ?gqg %esc‘ross—faded downmixing data, and if

unchanged directly downmixing according to the downmixing data.

[00227] Some embodiments include means for ascertaining for a block whether TD
downmixing or 'D downmixing is used, and means for FD downmixing that is activated
if the means for ascertaining for a block whether TD downmixing or FD downmixing is

30 used ascertains FD downmixing, including means for TD to FD downmix transition
processing. Such embodiments also include means for FD to TD downmix transition

processing. The operation of these elements is as described herein.
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[00229] In sone enbodi nents, the apparatus includes at | east one x86
processor whose instruction set includes stream ng single instruction

mul ti pl e watalepewnsi ons (SSE) conprising vector instru®Cirango11/hkas3sreans
for downinixing in operation runs vector instructions on at |east one of
the one or nore x86 processors. 10 [00230] Alternate apparatuses to those
showmn in FIG 12 also are possible. For exanple, one or nore of the

el ement s [gEpgsPe 1h BRhEABRYaRIRY (HRAPFMALEInHIBNdsGRSns 1M deBif9ind ShS o B¥ebe
|nplenented by operating an x86 processor. Such variations would be

strai ght f or¥are@nEridutinteodannelsqf thedN-p inpuhehagpals, 2 pomoatyibyting shimeeldwibedi nent s of
the appar atsnnc i ARAAS OAKPALEAHL IAEIHACPr ARl JRAREEAFR0S fOT
front-end decodi ng and one or nore nmeans for back-end decodi ng: The neans
for front - eingereeeodionying Hellrdeacy Hempe drig apbihe appaok fuget precovragiaba and

t he meaps fQr e gﬁﬁg exponent and
nantlssg dd%gTH#ﬁg%ﬁéﬂ% @nﬁ E%PB’R %g%ﬂ?%%ﬁ}%%ﬁﬂﬁﬁmgt (%%ans for
ascert ai or.a blo X|n i S used,
he meando®Bel 2o Sl Odﬁaeﬂﬁﬁnﬁie P faa S5 el RS %D o x
transition ipsacessienthclutibssuiBaing single iksDuttn Hldawaah ¥xiEdsans (SSE)n
processi ng, the neans for deter 'ninﬂ %) nsform coefficients fromthe
unpacked artPHEEE ST YRy Tt %g WERE MR AY RTINS VadP; for
inverse trapsheficistg at Rest bhesurnest ol aivad adab@ssofsor appl yi ng wi ndowi ng and
overl ap-add operations to determ ne sanpled audio data; for applying any

requiregj 662@6?' feriEpPAhRts 4o BHACHSFh Mﬂ#@@%&@%e%@%ﬁﬂ@@@ﬂe%a&pfehe

nmet adat a r el to transient pre-nol se processi ng, tinme domal n
downni xi ng %@@@mm@f thepelerasmtnin gl bﬂgnmmntetthéh@rrlwerediéwmsﬂvv@éwmrxmmg in the
case MN,

erbod mont o CITEISERARE e, RsGRDELS Sebniahdiont ELHRL Souiet ors T

previ ously ®$@medomnhnﬂwmqldata and, if changed, applying cross-fading to
det erm ne cross-faded 30downm xi ng data and downm xi ng according to the
cr oss- f adea3dpwinsotmagniciaimentsastahd dppurachang@elns dmdﬂmmigngclm ondomng to the

dOWﬂﬁleng dat a. rocessi ng E- AC-3 dat

Channel S oriabdisahviar Forsaa e HBE SBLRB s HErDde Dt et adances of
t he means f@éank f@Mtonead ddesth ingu@l dhedhiednk Gor iBEIREInE Ge MAagdataeind tdecodi ng,
including a fir means for front-end decoding and a first nmeans for

back- end dé@ﬁﬂ?ﬁﬁ“PHF ﬂéé@ﬁﬁﬁ&“?ﬂ@gﬂﬁﬂﬁﬁ@ﬁﬁé mPP&N@“BW‘ﬂBHPBu%aiméhannels

a Ssecond npERNeah©for biind@BEIIRGRAIRY (1RMAEkaAs HLERBEhiMBANS abRIck RAclkeend
decodi ng for decodlng one or nore dependent franes of data. The apparatus

al so i ncl udbd dpsrmEinEey FoadrivHee Bivsedstheaainy iof bPwarngiring Brdnditea t o

i denti fay thﬁeﬁk%ﬁ&&fﬁ@ﬂ)ﬁméG@mhMRﬁﬁmé&ﬁm%&mﬁﬁgWkﬂﬁwhbﬁnTﬂﬁﬂhtf'ed frames to
appropriate nmeans of front-end decodi ng, and means for conbining the

decoded dat @Wrnmmra@w@@moe@mge@ﬁ@eﬁ@rfomqtmén@g errelonn seettigedty ramitie N
10channel s %agéﬁgﬁtf&(:g@egg* L&Qgg&hall}'@%p%gwqhd hii€a Endfodndad Ot her coding
e ap-a

met hods us n over trans orm In the inverse transform ng,
i ncl ude wi nerowionginatie (veericadomdd dapeloatintyisg windowingkndarertapradd ot her for s

of & ansf orgR 1R, A98SLILE.bl SRSTALE Do P IALATHE A plONRLSe

transformnin urt essi ng can omain's €s wi t hout
15al i agbng m@peessisg defh@ngacmoehngtth cheinmyeiatal relateil $o motsichti pre-heise processieg;| ap- add
transforms, an%r}gr time domain downmixing according to downmixing data. The time domain
downmixing, in the case M<N, downmixes according to downmixing data, including, in
some embodiments, testing whether the downmixing data are changed from previously
used downmixing data, and, if changed, applying cross-fading to determine cross-faded
30 downmixing data and downmixing according to the cross-faded downmixing data, and if

unchanged, downmixing according to the downmixing data.
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whenever is nmentioned inverse transform ng frequency domai n data and
carrying out w ndowed-overl ap-add operation to determne tine domain

sanpl es, whasa/®wkés7l ed in the art will understand that POTgS2@nAR3IS3E hese
operations can be stated as "inverse transform ng the frequency domai n data
and applying further processing to determ ne sanpled audi o 20data." [00234]
Al though the terms exponent and nantissa are used throughout the

descri pt ijggp3bpc %?&o%&%? EE-3tAR I floMBhNS €4 chdhnfiSoBeRABEHEnd\Gnedns BF her
coding formats may use other terns, e.g., scale factors and sgectral

coef fi ci entdecpding Wélué%fg@ﬂ@ﬂ’le pEtapgeof hie dneeplopgentend dereding padoldiponent  and
manti ssa_doggn0gk thilia dolii R RRRARE oG hANEIRE O dng b QMRS 2AMRT Ch Use
the ternms exponent and nmantissa. [00235] Unl ess specifically stated

ot herwi se, aenafpdpemndideominger dﬁ@bqhowhngn@egxﬁlﬁmtﬁtammf up to 3. 5chappeleci at ed
that t hrou f [ ' uch as

"pr ocesg i ngsté&%1 bl ﬁ)?%ht‘ éﬂﬁ%‘}o(amgg%l ;&%g?@h@g%%ﬂéﬁf%ﬂlﬂﬁg %Q&&e%&h%fr%U ng" or
the |like, r&feding metdnmoa@dqpomdeamﬁmﬂs opdﬂméélsespamitu%almwwgleehﬁnent e.g.,
a conputer or e te Sl |

el ectronic rar(%(?r%rg)élgs l%?or%%{ﬁ&% #1q gat? { nzg atllllg fr%}ﬁg rn?nfg %qeaa{lc?‘{o

r epr esent ecbraﬂdepﬂny $denajhed fBunodd tcaappmpemtemns:of fouantd deaceding, rahabmearfséor dat a

simlarly re resene cal ntltle 002 In a sim manner ,
the tor m » prBUERgEps drge PR e P bbb g g deshdtaf oo B ER T hau
processes edhaﬁﬁenmuecodadlaatae g., fromregisters and/or nenory to transform
that electronic data into other electronic data that, e.g., may be stored

l n regi St[Gsz%sPn(N&é thBBNRIYE- AB-3 BIIQRIRS §(|)cﬁ% SYBs&Tse %ove@l@ﬁm&ﬂ @nsfodth, @
"conputing machi ne” or a 5"conputing plattfornt é@l ncl ude one or nore
oy

processor s. AHaDHE 7] vers transf pratingaiisidg wissloréng and el eperateas. itifcl udes

several el elﬂﬁ%%sthat %thgr fonﬁ@c‘/ﬁfaﬂéfoﬁﬁs%?épos@i%le%ﬂ%Férﬁ'tg iP5 mﬁhﬁétﬂs&h%{ﬁ?m S, €.40.
steps is inplied, unless specifically stated 00238] In some enbodi rrents

a conputer- _ineeseaitsinafonpiog & fuﬁvb@qmﬁei;ssng@@chgw@dle\mmﬁln samples Wlthouéncoded
wi th, §s9- ’ahﬁglﬁg géork %Efe!flﬁ& 'tﬂ&ﬁvéﬂﬁ@ﬁ 15% ﬂnﬁ&!et% | Gi tp d B3 @ns

10processors 0 rocessi ng system such as a si gna proce55| ng
devi ce or swltmly\setr@rmmmaned 1nv>drwdmssfatmlhgasqueo%edcmm@sfsmd oatrmrgntlt and a

storage SUbs%ﬁ(t)wé@ oveﬁ%lI ngdcg era (o c%ye t hd%[% glsstaﬁglfg ho% c{ i%ittpe' Not e

that in the descri en it |s Sta |ns PUCTI ONS are
confi gured, ammennermm hal, mtgmeq:earthgse op¢ra@onp cockessated 4s “glvordé daﬂséarmmger st ood
that this r@ap thatdthe rtlst rductll ons, tﬁ/vhen exec%ltéage, cause 0 r nore

pr 0Cessor s ¢ lrequency domain data and applying turther processing to determine sample au 10

20 data.”

[00234] Although the terms exponent and mantissa are used throughout the description
because these are the terms used in AC-3 andE-AC-3, other coding formats may use other
terms, e.g., scale factors and spectral coefficients in the case of HE-AAC, and the use of
the terms exponent and mantissa does not limit the scope of the invention to formats

25 which use the terms exponent and mantissa.

[00235] Unless specifically stated otherwise, as apparent from the following description, it
is appreciated that throughout the specification discussions utilizing terms such as

LT

“processing,” “computing,

LT LAY

calculating,” “determining,” “generating” or the like, refer
to the action and/or processes of a hardware element, e.g., a computer or computing

30 system, a processing system, or similar electronic computing device, that manipulate
and/or transform data represented as physical, such as electronic, quantities into other

data similarly represented as physical quantities.
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150perate such that a hardware apparatus, e.g., the processing system
carries out the process. [00239] The net hodol ogi es descri bed herein are, in
sonme enbosDrent®29eper f or mabl e by one or nore processorsPChAS2@eo23583 | 0gi C,
i nstructions encoded on one or nore conputer-readabl e nedia. Wien executed
by one or nore of the processors, the instructions cause 20carrying out at
| east one of the methods described herein. Any processor capable of
execut i ngog238Pt 1Rh sinfift fdftek ARStefr? EFHERIIr 8na P QTN BTyWeSRY of RAtiosdtaci fy
actions to be taken is included. Thus, one exanple i's a typical processing
syst em t hat dVise PRI CRSHRS ClEraRig @alhCo dBSDICEISICEAEH OpMSBESSD Franfy i el ude one
or nmore of Qe GBhlc AhtaShlblndf 1€ OAR Hha 1 U AR AR REQLRISiNGs HRidy (GM and/ or
a programmable DSP unit. The processing system 25further 1ncludes a storage
subsyst em winethort A [“prasgssiog eysenpraageonmdir ey 2 \Whinphiingayachine] eidle nenory
enbedded i n« ) tor i r e nmenory subsystem

g mORerRAHE: Ry HRKE B e REPES

i ncluding main static and al so cache nenory.

The stor b tem further .incl one or nore.other stora

dovi ces. 3R AT LIRS st gispiectiiu PR s IRl 13 HEHE ot or age
devi ces. A Jdnys, mulidyrsik emurhylebenis ecd. ikgd is idPliEd inleonpevifiedy stagdbet ween t he
conponents. The processing systemfurther may be a distributed processing

syst em Wi$d23gf 0Q8 SSA SRR a BYmpuE et WABK stoPag medNindis DK AL Witk er f ace
devices or wireless network interface devices. |If the processing system

requires a-&liisprepged Bl 2 SIS EnARCtRDy hee wheicggerties byeong or merq j qui d cryst al

di spl ayo( LGRbees QOGN fodes @M sy @B b adli 3R @¥nal FoElding Qévid &abtdipdanray tube
(CRT) display. If manual data entry is required, the processing system al so
i ncl udes anthtripaiedeg aylpastongpEpressor glamend angyp plarage SUPAYSHIND ISAHHE SRIFYIES PUhBut  uni t

such as_a keyRoples@ibBPhddtih ot AAF fnQhe &‘%‘M@‘ﬁ%n MR, Bifendt iTQURE thapand SO

forth. The term storage device, storage subsystem or nmenory unit as used
herein, if ioftemrofsragneonfigured mhex txeandd.unFagsovgs pracesst ik shostddreaddasthed wi se,

al so enconpagsgs m%?ésttf?a[t emﬁ%ﬁ%ttioeng} @He%'éx%%te%, S’Ju?ek(al E())ir p%r#&éée-ssoﬁht% processing

systemin sone configurations may’ I nclu a’ soun ut pu evice, and a

net wor k5i nt epefaacaclddmi cleard w40 2piatatubhe g .sthe pagesssigbgysh enriesans thencl udes a
conput er-readabl e mediumthat is 10configured with, e.g., encoded with
instruction®;°@%g., logic, e.g., software that when executed by one or nore

processors, causes carrying out one or nore of the pethod steps described
herein. 19238t { P&th?&9loglg§$ﬁ%“ﬁeﬁi?ﬁél W ARysreqbodimentsy pegiosgahleRy ge,

conpl etely @e odtnokSstsesfdRs t'hiitéhlcée%t 10%ct iRbtRuctiBie BRI ¥n SHER ndste BAMba&d/ or
within the nenory internal to the processor during execution thereof by the

conput er sy$t®hicTiis WheBEHEUR R P ArfePre Rethp POEESaBrhe MEFUClimR @ess menory
al so coegst it fie AR Y8 ont 8RR RIcEhods described herein. Any processor capable of

executing a set of instructions (sequential or otherwise) that specify actions to be taken is
included. Thus, one example is a typical processing system that includes one or more
processors. Fach processor may include one or more of a CPU or similar element, a
graphics processing unit (GPU), and/or a programmable DSP unit. The processing system
25 further includes a storage subsystem with at least one storage medium, which may include
memory embedded in a semiconductor device, or a separate memory subsystem including
main RAM and/or a static RAM, and/or ROM, and also cache memory. The storage
subsystem may further include one or more other storage devices, such as magnetic
and/or optical and/or further solid state storage devices. A bus subsystem may be included
30 for communicating between the components. The processing system further may be a
distributed processing system with processors coupled by a network, e.g., via network

interface devices or wireless network interface devices. If the processing system requires
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medi um on which are encoded instructions. [00241] Furthernore, a
conput er -readabl e nmedi um nay form a conputer program product, or be

i ncl uded Wo 2a11¢iEgat er program product. [00242] | n alteproattise@1ond56di nent s,
the one or nore processors operate as a standal one 20devi ce or nmay be
connected, e.g., networked to other processor(s), in a networked

depl oynent, the one or nore processors may operate in the capacity of a

server or a GhlANtudKAGINpS rhdy b%@ﬁaq&{ed,cé.gﬁ,eamtqun%ry»@mgisgmyi(L_@Dn%fgtamcor as a
peer machine in a peer-to-peer or distributed network environment. The term

processi ng 43hseBittine by OSED) 112 catheds Bpade (IR Prdiwday. lmaayd dalasnirgi ¢ | y

excluded heg@ifired it ROGsPe SFRER 2R6 ARARBOLSinPRNIe Tl R 2 LR HRAGLE mOMPUL er
(PC), a nedia playback device, a tablet PC, a set-top box (SIR), a Personal

Di gi tal Assigtaanner(cRopyt unig syrhe 2 kaxdhindes pantow|coulradeyied wghanemogselieb
appl i ange, g4RetNe! fnd QUL %ragé}%\f?c%f‘stwaﬁé’{db fm, Of ﬁé‘xﬂ}{ryW% Es%d%&%ﬁlb' e of
ns tra therwse) t

executing a set of instructl seque or o at specify
actions to ibeletrdkmmthpyonteraandradéss neplicflOPAS] oo se tatsatenqumijasses a e

di agran(s) only s S). .a.Sjhal.e pr. r.an sinal e 30st or a
Subsyatem S0age SAf & kARG PRETHEPRro BN ) Do SRl BHAGE

i nst ruct i onsay inhlogea skindl begutidavich@ndin hetwotk inwrfaerdstiand t hat many of the
conponent s descri bed above are included, but not explicitly shown or

descri begqoo2a0pr dek sto@ige kghs Q&S tHu€ irfched NMUBIPuler LeadaFPBRUiumARAt iexanpl e, while
only a single machine is illustrated, the tenn "machine" shall also be
taken t'8 i non{igehRihEol-18eded WiBisHEEHNhe S tIREE: SisndPUVHEAY VI jointly

execute a S&kcli@f byBhe bk Rl ﬁ%%r@taﬂs&%aﬁ%‘i%%b@ﬂ}ie bPmBRIJr e AR @pe or nore
of the nethodologles di scussed herein. 5 [00244] Thus, one enbodi ment of

each of thedeieitheaeeie iy soBeareHaryapyidy ig theharddisk, gf wppls@residtput er - r eadabl e

medi um conf i gii&dy B 4ifead paRianQf witts e WdnldPSuch §s RAM #hd%RWRiRiEhe Pr 0gr am t hat
when executed on One or nore processors, one or nore processors that

€.g.,
are part ofmemergditernaldg theerocessaseurg ekghuren %alteowy the edveriites sestn. T8osve

enbodi ngnt s I f ~ i C. S, i

appr eci ot ed by PhBsm I TSy thP bR ferk bRk cpri R coRpubLkhalbl

i nventi on nmgdiye oe whodliaetengeded imputtods. an appar at us such as a speci al

pur pose apparatus, an apparatus such as a data processing system | ogic,
e.g., enjoakded iturthermory)uta@nput@adalable nsidlnmagey foediawompoier grogram

conput er - read blergtorage mediumthat is encoded wwth instructions, e.g., a

conput er - r e ¢ BFLG RAGPURIETNPSEUPLYUSS a conputer program product .

The conputer-readable nediumis configured 15with a set of instructions
t hat whed0@2gek utlealtgspatisn embedingite Uy GEOE BVFPREHVE WPar¥sAsRglaattionet hod

steps. HCCOfHcBY} May BSREGESPE. ot HAWBARE &I thdr PYRBILRY, MBheh@fedt he form of a

deployment, the one or more processors may operate in the capacity of a server or a client
machine in server-client network environment, or as a peer machine in a peer-to-peer or
distributed network environment. The term processing system encompasses all such
possibilities, unless explicitly excluded herein. The one or more processors may form a

25 personal computer (PC), a media playback device, a tablet PC, a set-top box (STB), a
Personal Digital Assistant (PDA), a game machine, a cellular telephone, a Web appliance,
a network router, switch or bridge, or any machine capable of executing a set of

instructions (sequential or otherwise) that specify actions to be taken by that machine.

[00243] Note that while some diagram(s) only show(s) a single processor and a single
30 storage subsystem, e.g., a single memory that stores the logic including instructions, those
skilled in the art will understand that many of the components described above are

included, but not explicitly shown or described in order not to obscure the inventive
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met hod, an entirely hardware enbodi nent that includes several functional

el enrents, where by a functional elenent is neant an el enent that carries
out a provezsimg9eancti on. Each such el enent nay be a hacunsee 1ekisaent
e.g., special purpose hardware, or a 20processing systemthat includes a
storage nedium that includes instructions that when executed carry out the
function. Aspects of the present invention may take the formof an entirely

sof t war e erm? TRRExApl@WhBEBAGL IRBT SRARE N NG ua Rl Hettm apdeHhar diar e
aspects. Furthernore, 'the present invention nay take the form of program

logic, e.g.alsqhy takegdiivalude anveqlegsion obmaghines that gdividyaboaiiaindy exscigizam on a
conput er -r 95%9'{%1? b BhdRY6r ﬁéﬁ%&!&ﬂé% p@forlfy SRMMYRGE of GaHdRBEIIRA um

configured w conput er -r eadabl e program code, e.g., a conputéer program
product . Nodigcusdadherein. t he case of special purpose hardware, defining the
function of the hardware is sufficient to enable one skilled in the art to
write asfien?ds) onldbs,des eranmimern of trgch of @i nizehods dnsmedhelb'm ipimge fomm of hat

aut omat i cal | t|o generati ng hardware
Pl S I R TS RS it R e
defini ng susbgrapekit alhepencpaseomarecthiaioge polRAQ k. oWoht er hbre peroputsetiacr eadabl e
medi umi s shown ﬁﬁ an exa | e enbodi ment to be a S|ngFeHEp$lun1 the term

&

"medi unt shHBLPY W%fk%?luwf 6 T GHENE O8) AP HestEPm© PEPPE el a

(e.g., sevemalorh®Macilese itlCERis! &l Wiled apfreclitsd by uicadildainbase, and/ or
associ at ed caches and servers) that store the one or nore sets of

i nst r udfi ondnbodinaas therPressaidayaniotway bryaRaicd Ak & MsHIRY: 0GPRFAYS fchudi ng but

not |im tedasta@p&@anpm%@td PﬁaWQhﬁpﬁdﬂﬂuéléﬁklﬁﬁéa{(?ataf@g&e@smé\@@feﬁp oald &g, nedia
i ncludes, for exanple, ical, magnetic disks, and nagneto optical disks.

Vol ati | e meddibedieddn ma%%pwﬁ%%@e FROFRSP {edidiitie A BEOHRAICHT ptorage 00246] It
will al so bgedndel$1:Achdefakn SRR MR RLS Qbnbher- féﬁ@a?b?erkftorhg@ﬁﬁ&ﬁﬁrﬁn are not

limted to any particular inplementation or programm ng techni que and that
t he i nvent i wnligrrgd #re qomplierrpioga RIsdusy Thnyorappergprdable enedaahisicopfegredor

| mpl em%@t' NGtk Q?etBk'lfﬁ&}dcﬂ%'th&tszhgr?@%th&g By &in’fbrfg Rt E‘&%@@car@ﬂ%oc“ ment s

are not limted to an ticular pro amm ng [ anguage or ting
system [OOQMﬁk&ﬁéﬁEPeﬁcaﬂmhﬂauyh@mhﬁﬁhnsasp@o%mhmamwmhkt6wf@meﬁémbodinent"

or "an err_bo% & tan en 1rg1é§a1tdw%}e Fhodai enP t'tjlat.q{l%ucf %tsel“\lfre%%fug\g OLlj’lgi{ Hlfendy,

characteristic descr n connection W is 1ncluded in
at | east onemﬁﬂbpdﬁmmmnmbﬂmnhmnpn@mennﬂﬂmﬂmnmx@mmmth@mDapgegﬁmumes of the
phrases "i

odi ; nin e iment’ in various places
75t r oughoutDRrE Sgial P fbmotdts SRpEEeedemHl myat PrureR Fig To « e
sane embodi precksinddiktem that includes a storage medium that includes instructions that when
executed carry out the function. Aspects of the present invention may take the form of an
entirely software embodiment or an embodiment combining software and hardware
aspects. Furthermore, the present invention may take the form of program logic, e.g., in a
computer readable medium, e.g., a computer program on a computer-readable storage
25 medium, or the computer readable medium configured with computer-readable program
code, e.g., a computer program product. Note that in the case of special purpose
hardware, defining the function of the hardware is sufficient to enable one skilled in the
art to write a functional description that can be processed by programs that automatically

then determine hardware description for generating hardware to carry out the function.

30 Thus, the description herein is sufficient for defining such special purpose hardware.

[00245] While the computer readable medium is shown in an example embodiment to be a
single medium, the term "medium" should be taken to include a single medium or

multiple media (e.g., several memories, a centralized or distributed database, and/or
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may. Furthernore, the particular features, structures or characteristics
may be conbined in any suitable manner, as woul d be apparent to one of
ordi nary wWRIi2b11/®Rel7l ed in the art fromthis disclosure, PCH/US2@E 1.02358DT €
enbodi ments. [00248] Simlarly it should be appreciated that in the above
description of exanple 20enbodi nents of the invention, various features of
the invention are sonetines grouped together in a single enbodi nent,

figure, or gdesthiddbiiRd hdQRRRe bkl RPEDR: Rfs o8 tds@@aTohNiANGnipiR:
di scl osure and aiding in the understanding of one or nore of the various

i nventive asgeblegnedivhn Bayrke gnpforgs deqlyking tut npfdigiedto nonsvalytle pgdipe
i nter pr et edy @ ofaffel Ri&id. N%n%lahi%tn?éaﬁd 19£1u&é§%r LagpRd éﬁt{@ﬁnfagﬁfe%@hlsi%@ requires

nore features than are 25expressly recit In each cla'm “Rather, as the
f ol | owi ng cindinpagnetefoplaga ghskSnVehtllem@edwp@le(ﬂ@ dypasnig mepess suchapnaln  f eat ur es
of a si$gle %@5 goi ng di scl osed enbodi nent. Thus, the clains follow ng the
DESCRI PTI MPLE EMBODI MENTS ar e hereby expressly i ncorporated into

this DES XAMPL VBODI VENT ith each claln1stand|ng on its
oun s o TURIA 0LV AR e ot Pt oD S 0o GBS TuR B0 her mor e,

whi | e sone 1aﬁiiﬁ@1db AaRNp Lt aEs Gnplbachtieheir [’)rdgmtﬂmldgteﬁmﬁ'@uebmﬂ tHthhe(‘miVl&ﬁﬂionf eat ures
i ncluded in other enbodinments, conbi.nati ns of features iffer

embodi ment sM& ¥ RPLRCnteq URBS Gt ARPIPPEE t %‘B‘éesé‘?r 'TREMH ? ,C“%Pﬁﬁ Y or m

di fferent enbabenats, Fatheizt EnidodiuRde sl R@0Imiyd foha$ pargkilhd ed in the art.
For exanple, in the follow ng clainms, any of the clained enbodi nents can be

used i nOanyPeFABIMRE FeHNA2] BOPFEINENF EWer nor e, sone of the enbodinents are
descri bed herein as a nethod or conbi nation of elenents of a nmethod that

can be i i28RkntRedertnge thrpeheedhis ppestiicali@de fipnstearbodinenior 64n dybodihRe” neans
of carryi ”%9#% tﬂah§ JrH&ﬁér'an@ure Ek}uﬁure%r Pﬁﬁgé‘c‘?e?éf?é dé%ﬁﬂ%dhh@o &Ql%ﬁmgh  orns a

i nstructions rylng out 'suc el ement
means for camﬁvum@t@umﬂmhéHn@ﬂﬁ©GM©ﬁH@b@ﬁEmﬂﬁ@ﬁﬂEﬂﬁ@ﬂh@ﬁUmFﬁhu$ernDre an

el ement desgcri I f & di n_ex f a
means for d%?%g%%&bﬁﬁﬁggﬁ%e?unc??%ﬁ&%%ﬁforﬁgQ %y e engﬁgﬁgﬁfgpﬁwﬁ
pur posesof auplyiungisoptcifitreion avent noessarlipDO2G1hY o thhengesboiliptenohupr ovi ded

herei n, nunero ecifi G d t are der st ood
Thee! nbodr s Sregk: if poftdhl S S ROt SO Ay b slbatotTt P
details. Imn@hhaﬁwbm$Mamﬁasw@mﬂme#$mwmmnﬁdmmw¢nayshnﬁuﬂeﬁmamﬂntechnlques

have not be hoxm etail in or not to obscure an understandi ng of
t hl S de scr | (BI?P ClOSllI‘e 11’1 one or more em odlments

[00248] Similarly it should be appreciated that in the above description of example

20 embodiments of the invention, various features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed invention requires more features than are

25 expressly recited in each claim. Rather, as the following claims reflect, inventive aspects
lie in less than all features of a single foregoing disclosed embodiment. Thus, the claims
following the DESCRIPTION OF EXAMPLE EMBODIMENTS are hereby expressly
incorporated into this DESCRIPTION OF EXAMPLE EMBODIMENTS, with each

claim standing on its own as a separate embodiment of this invention.

30 [00249] Furthermore, while some embodiments described herein include some but not
other features included in other embodiments, combinations of features of different

embodiments are meant to be within the scope of the invention, and form different
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[ 00252] As used herein, unless otherw se specified, the use of the ordinal
adj ectives 15"first", "second", "third", etc., to describe a common object,
merely i nlocatieloedsat di fferent instances of |ike object #Carus2iaionss3s ef erred
to, and are not intended to inply that the objects so described nust be in
a given sequence, either tenporally, spatially, in ranking, or in any other
manner. [00253] It should be appreciated that although the invention has

been descriQgbainntshss walld 6OM®@Xtoo@by iHige &KilMeis tRtadNARHamplB8n kHeVENtion is
not limted to such contexts and may be utilized for decoding data encoded

by ot her melPHOH$E clales. aeofitacHrngd eabedimentheapdedseein ¢nyiqualinatipnt o E- AC- 3.
For exanpl e, enbodi nents of the invention are applicable also for decoding
coded audPa250hatFuitherbank wanads teoerpaiditning a ddycibedB@e®in Brherth@imvodi nents are

appl i cabl ezﬁfso d;ﬂfS&Qf el dgd El%thétgi%%bétlﬁngfe%%g%g%%é&' DG, §Q the HE-AAC

st andard, ing co ds corrpatl ble with
HE- AAC. 5O hexrnpo@dgdte&t eregEhet anraa| o oarkgen@«ﬂnaretfagmomsrms dgroactedr with ng

nmbodi t t 025 U S. t t
St ot hegk R IR iR n&R sy dDERE AL oy reaitnt BRLREhS i o7 h
United Stat Iesanc fdreakryieg entmheaﬁahdsmaslehbjndnn@ﬁmrrpah@t edrﬂh:ymblef areddiceat | n the

casetheP LbﬁgR#Ies r Statutesbd not, perm-t corGTE)a tion.b
30r ef er ence 68? grngl ap pRppraiysegbpdinyplys %?’%?fné’ée(? BPHRYT 6 WMf er ence,

t he i ncor pohatingifonperioah@rgneecldhedt i@ thapepdsabs HerBigbueke invdasnany
i nformation incorporated by reference in such incorporated by reference

mat eri gb, 062'3'1 S SIn ﬁiéQl'@sdanl&{ 151%%1H&f‘hérén &r6Rletdfb Eﬂe&fi!c '&Eﬁflspé&é alieghaherei n by
reference bé di scussi on of prior hi s specification should

in no way O\Wﬁs ultdewelﬁrsmdélm&*?@é%mentm&thwc'wt@n mw bapractiesdwiidherty known,
is publicl y wlmcq{ebafﬂ?rlﬂf%thg nEtfa1 o, LW lélg@ﬂﬁ{eﬁ't?dg RO EEIG A EnhidGed | €l d.

[00256] I n t ow an e description herein, any one o the tems
conpri si ng, ha(\z@n@rhe@eﬂlowh imdetyihineindes 0o Phwsrejag ua‘rlﬁr@gelhlgt@thﬁ ddsatiptieans
including at | east the elenments/features that follow, but not excluding

ot hers. Too252] thﬁslisedhinr@'ﬁ)nmteissd)thgwisahmifwdetde uge dfhie cﬁdiiahlmﬁjecmlmul d not be
|nterpret ed“f s,, bei ng.,) LH] O"ltﬂge nmeans B el ene 10&{3 @f)fe s listed
t her eaf'iter. Edr &XaApr hir hgtcsﬁooci)eéc LREERS @%tsfn(%]ﬁ yaln 53¢ fhat ﬁ%?ti sing A
and B shoul idstats dilﬁlkleIoB}et:t@dretb@ln@G}ME@@StoCteﬂS&eSﬂdt figendéd @nhylyehgment s A and B.

Any one of the terns includi ng or whi ch i nc]udes or that inc|ludes as used
herein is attietssh dsigéthec{ wps§pe in a given sequence, either temporally, spatially, in ranking,

orin any other manner.

[00253] It should be appreciated that although the invention has been described in the
20 context of the E-AC-3 standard, the invention is not limited to such contexts and may be
utilized for decoding data encoded by other methods that use techniques that have some
similarity to E-AC-3. For example, embodiments of the invention are applicable also for
decoding coded audio that is backwards compatible with E-AC-3. Other embodiments are
applicable for decoding coded audio that is coded according to the HE-AAC standard,
25 and for decoding coded audio that is backwards compatible with HE-AAC. Other coded

streams can also be advantageously decoded using embodiments of the present invention.

[00254] All U.S. patents, U.S. patent applications, and International (PCT) patent
applications designating the United States cited herein are hereby incorporated by
reference. In the case the Patent Rules or Statutes do not permit incorporation by

30 reference of material that itself incorporates information by reference, the incorporation

by reference of the material herein excludes any information incorporated by reference in
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that al so neans including at |east the elenents/features that follow the
term but not excluding others. Thus, including is synonynous with and
means corpoi2eimi29615[ 00257]Simlarly, it is to be noti cedTiusat11okis3s emi
coupl ed, when used in the clains, should not be interpreted as being
limtative to direct connections only. The terns "coupl ed" and "connected,"
along with their derivatives, may be used. It shoul d be understood that

these ter msgak fichiPbralcdbsRABLn@SnAYNO NG fuek irf36RHS Rekplickus., the scope of
t he expression a device A coupled to a device B should not be [imted to

devi ces or 8yEPEAsd preindy fefaisn@oout put of device Ais directly connected to
an input of device B. It neans that there exists a path between an out put
of A and [e25phputnycliscBssiiof hrioreayt ib¢hiaspgeifibationshadd mgrootradydre cdesidesalsinor

means. "Coup{ ed” : . re el ' i n direct
physi cal orﬁgﬁ%g?gﬁﬁgﬁ%%bﬁk%?Ff%ggyF%EWPF“%ngggﬁiéLg{gﬁé%éﬁggggpnot in

di rect eontg@otralkrolvlelge n the¢ fidd. but yet still co-operate or interact with
each other. 25 [00258] Thus, while there has been descri bed what are

bel i eved [00256F theheRIherdlOd ariBo désaBpich Hofeid, Afy bR\ el tos cbipsangki |l ed in
the art will recognize that other and further nodifications may be nade

thereto wi tERISHEPLF PRIY CPPBHICE REMSBFT ICEM B PFES iHNHE O3S eMd it is

i ntended t op&h@idMedlites BHERNEN AN S RAERP SintisCPHUs ARS eAS chidpdisivy, Whem t he
scope of the invention. For exanple, any fonml as given above are nerely

0
r epr esent at¥s¢@inghe deigiodedldmesbaingirreted/AsheingdiedaipyRdhs BHEP PEJCEYs be added
or del gped §1Qm fifi& BERSer AR Bk AP, AR QR Bl QPR s REick dLEp&RaNged anmong

functional elenments. Steps may be added or dele ed to methods described

Wi t hi n t he addpwhopkl nohke Ignitaside devigpy eprsisgng olCndy NEnges Alagd B Any ok dfet hod of
operating I 1.0: | 4 ed
R e e e e

i ncl udes Mith8ghamrahsingldide eiddastithg gidingntsfgatutes thatheliavgthe lrempirber of | ow

frequency effect nnel s. 10t he [ t . bei ng the
nunber of 1 SutEpE sHRRTRLT Pk MobOR SRARHEE: AHFAR HELSuaBPi 0°0Ta. "Fhe
met hod ¢ rLsing:..accepting the audio data that .includes bl ocks of N.n
Channel's 10B5zh S A5G AR o R pa LG 5 uoehor el falhcodi ng
met hod i ncl adbohtdrprans hobdmdigmihtive I0dikrNth& tiohs @hlgThatenavdioaplda@t md and
form ng and_ packi ng frequency domajn expgnent and qﬁntissa data; and

decodi ng t h& BECEt alenadh Shgeryaivhs e Ls gt rhraldier HyersieAp dekihrg and
decodi ng t h@mhy RORE MY BRIyRoMFRADLEEN Bielr. MR ihe SeopddF fhie expression a
determ ning transform coefficients fromthe unpacked and decoded frequency
device A coupled to a device B should not be limited to devices or systems wherein an
20 output of device A is directly connected to an input of device B. It means that there exists
a path between an output of A and an input of B which may be a path including other
devices or means. “Coupled” may mean that two or more elements are either in direct

physical or electrical contact, or that two or more elements are not in direct contact with

each other but yet still co-operate or interact with each other.

25 [00258] 'Thus, while there has been described what are believed to be the preferred
embodiments of the invention, those skilled in the art will recognize that other and further
modifications may be made thereto without departing from the spirit of the invention, and
it is intended to claim all such changes and modifications as fall within the scope of the
invention. For example, any formulas given above are merely representative of

30 procedures that may be used. Functionality may be added or deleted from the block
diagrams and operations may be interchanged among functional elements. Steps may be

added or deleted to methods described within the scope of the present invention.
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15domai n exponent and manti ssa data; inverse transform ng the frequency
domai n data and applying further processing to determ ne sanpled audio
dat a; andwOi2oat/weseai n downm xi ng at | east sonme bl ocks ofPCrhs2aenessas ned
sanpl ed audi o data according to downm xi ng data for the case MN, 20wherein
at least one of A, B. and Cis true, A being that the decoding includes
determ ni ng bl ock by bl ock whether to apply frequency domai n downm xi ng or
time domain downm xing, and if it is determned for a particular block to
apply frequency donmai n downm xi ng, appAMBg frequency domai n downni xi ng for
the particul ar bl ock, 25B being that the tinme domai n downm xi ng includes

t esti ng wheWhehinhe dOWﬂﬁleng data are changed from previ ously used
downm xi ng data, and, if changed, applying cross-fading to determ ne
cross-fadedl. dommbdbﬁr@edangaramidden@dedmmedmdmmamithag ilmbdey ahicodgdt 0 t he
cross-faded d [ dat hanged, .dire

downm Xxi ng acgor O)rﬁl\ﬂ? ¥ ﬁquo a\}\lﬁlr?‘ld%alr#% dat aCOdﬁ%a‘l‘[t‘) %?ﬁl&%?ﬁegesm met hod

i ncl udes i denthdnyélngf dml@iedrauatm,rl‘ﬂ>nmrbemgn]hdmbmﬂer nigowh&qmlcgeﬁﬁécﬂ he N.n input

channel s, a non- 9 ntrjbuting c a chan does t

cont 1 but e t 0 FREAR L ehaRaSIRIA dih Prlad e ABRS as ko et i T s e

i nverse transtignating thheechbdeRigueneyagd@saicthodadapang: t he appl yi ng further
processing on the 5one or nore identified non-contributing channels. 2. The

met hod accor diRgpitd t&d Ald dhia WASHEIARs bIAEKS T RNS ERLAAING dnbodeliGuhansi ng
met hod uses an overl apped-transfom , and wherein the further processing

i ncl udes appl §RsegedirdeRFasineaneihest drelcapndinednesed iatlnding trarsfarming N ne sanpl ed
audi o data. 3.p.fh8s QF(EQ@A@ alﬁﬁ&@a{tg'aﬂ(gf&rﬂm%laﬂﬂ Eﬁ&(ll%rfreﬁhéfc?g&nalm%o%bﬂ the

encodi ng nmet hod 1 ncludes 1 Of orm ng and packi ng net'ada related to the
frequency donaidmeantisedit aethd nanti ssa data, the netadata optionally
including netadata related to transient pre-noise processing and to
downmi xi ng. 4decthiag etadeagtcdaodip dhtaght decadiyig oreéidofe: claim 1 to claim 3,
wherein Ais true. 5. The nethod according to claim4, wherein the

det er m ni ng whet hefinph&ki@ppldYed JBZUBNENquERGAUTRIah SPWRAT 20idMhnQEsaldh@®e donai n
downm xi ng includes determning if there is any transient pre-noise

processing, and de&&érmmﬁglganlsﬁonﬁIaaefﬁ&eﬁtbﬁom tr;é@w&deé aﬁuaa/e%o&d%tla&e nt bl ock
type such that frequency domai n downinixing is applied only for a bl ock

that hd§ the sane dinpékexpgpent pl mipsisig d@annel s, no transi ent pre-noi se
processi ng, and M<N.

inverse transforming the frequency domain data and applying further

processing to determine sampled audio data; and

time domain downmixing at least some blocks of the determined sampled

audio data according to downmixing data for the case M<N,
20 wherein at least one of A, B, and C is true,

A being that the decoding includes determining block by block whether to apply
frequency domain downmixing or time domain downmixing, and if it is determined
for a particular block to apply frequency domain downmixing, applying frequency

domain downmixing for the particular block,

25 B being that the time domain downmixing includes testing whether the downmixing
data are changed from previously used downmixing data, and, if changed, applying
cross-fading to determine cross-faded downmixing data and time domain downmixing
according to the cross-faded downmixing data, and if unchanged, directly time

domain downmixing according to the downmixing data, and

58



206. The nethod according to any one of claim4 to claimb5, wherein the
transformng in the encodi ng nethod uses an overl apped-transform and the
further pwocessioegs7i ncl udes appl yi ng wi ndowi ng and over lpapAsda10pissat | ons
to determ ne sanpl ed audi o data, wherein applying frequency domain

downm xi ng for the particular block includes 25determ ning if downm xi ng
for the previous block was by tine domain downm xing and if the downm Xxi ng
for the previ guginRl0f kieWAShdAYind1hd¥® iRfBIH ﬂ@%&e%ﬂgontﬁmlnﬁ|cﬁ&n69ml ni xi ng
in the tine domain or a pseudo-time dormain to the data of the previous

bl ock that is°ttgepe laplércﬁwﬁléoﬁ Rincqentribatippachgppedibeiag Hchspngl Hat degs opicul ar

bl ock, and wheg il ARRAYINE chdnlBis ARFBalnI MMHE 8bAGof QfiryduPALEACUl ar bl ock
i ncludes determning if dowm xing for the previous bl ock was by frequency
domai n downmi Kimséprmangdhé frequaecydiowmaim detaapd flesr applysgdnher prosessing or theas by

frequengy dongj N, JOWAN.Xd A moR 0SEE RSnifgPar ticul ar bl ock differently
than if the downm Xi ng ?(ﬂcljr 5t he previ gus ock was not by frequency domain
downmi Xxi ng. Th t hod according, to any one of claiml1 to cl.aim 6,
wherei n 5i% Tor fsod SR OEEREE  RutsPa iR P SeRiae f B RehabErkiPHe. Gecoder

uses at | east u@gen ¥Bolappedamdsion, o s@ecicinshd¢ ehérgRo@eing indbdedagplgihg eam ng

single instruction multiple data extensipons (SSE) c rising vector

i nstructions, “HHgV AP Pﬁerﬁ‘ﬁéﬁ‘% PREAUPEHE C}%te% ﬁ?&?lﬁ‘g% ‘?féarudes runni ng

vector instructions on at |east one of the one or nore x86 processors. 9.

The net hod hd@srying aperdrg/oghendfor gldm i hagn drearsndge MpedEpeuesi s true.

10. Thgonet ho%ﬁﬁg%ﬁléb%ﬁgﬁn&&ﬁta%ﬁted%%?ﬂe&leﬁli}ldcﬁﬂﬂn Bpdnert Y mbdiRla | NVerse
in

transform ng and applying further processing are not carried out on the | ow
frequency ef f ¢t tevapiaddta optionally ifHedippmpigdata tedadeddp tignsient aisyrossde of claim 9

to claim 10, eL8inD i e RUdigigat a that includes encoded bl ocks includes
i nformation tﬁ%t | e?ianes t he g% 1mi Xi ng, and wherein the identifying one or

mor e non- coptygl Bl L g SARMNEL.S, USES J0& IIOLRNN ki high,defi nes the
downmi xi ng. 12 h‘? &°Gret frod At eor ing to clai mvilf eréein the information

t hat define he 20qownmi.xi ng_i.ncludes m x | evel raneters. that have
predef i ned igfhﬁ&?a?ﬁéfcof %ﬁ@gﬂaémt“h‘é{ er@ﬁéheo‘lﬁter’i‘ﬂwé“gg‘ﬁ%?ﬁﬁ&osapalry fequency

non- conser i but ufgais haRmaixsng ok dme tbMaiiRlbhachi-asCatidikgietetniamyg iOMere @ angl ai m 9
to claim 10, wherein the identjfying one or nore non-contributing channels

further incl ubESIEHRRIPRG PRGESIIETATd delsHEnge gy of R Ahrenaelthsye? an

i nsi gni fi cant j@RANB108E LypORKE Hat £r&]u@hdyM@ntath d&%n@ﬁngﬁraﬁtﬂ%%ry fgoghannel s,
wherei n a channel has an |nS|lgn| ficant anpunt of content relative to
anot her block that has the same block type in the N channels, no transient pre-noise

processing, and M<N.
20 6. The method according to any one of claim 4 to claim 5,

wherein the transforming in the encoding method uses an overlapped-transform and
the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,

wherein applying frequency domain downmixing for the particular block includes
25 determining if downmixing for the previous block was by time domain downmixing
and if the downmixing for the previous block was by time domain downmixing,
applying downmixing in the time domain or a pseudo-time domain to the data of the
previous block that is to be overlapped with the decoded data of the particular block,

and
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channel if its energy or absolute level is at |east 15 dB bel ow that of the
ot her channel. 14. The nethod according to claim 13, wherein a channel has
an i nsi gnwbieant2snount of content relative to another elbanrsed11iop3sss s
energy or absolute level is at |east 18 dB bel ow that of the other channel.
15. The nmethod according to claim 13, wherein a channel has an
insignificant amount of content relative to another channel if its energy
or absol ute | @uekin ppRingli@RSdondm SR RGNV APhriRflat Bi6cKAhNBIsChannel . 16.
The nmethod according to claim 13, wherein the identifying whether one or
mor e 5channel SetpraveingH donamgring foe de Preifit Alocloracnrentnyébaginve to one or
mor e other ChannghsidNeldifEe GoRRAIN:G: hbfre ol ALANER 1l RESH S Of
content anount between pairs of channels to a sellable threshold. 17. The
met hod accor dideignmiging| prpepssiag therentieular tepk diféerendlyl teantifthe dhwhulixing feet t o one
of a pluralit fi ~ d according to any one
of clai§11 to&§%%?%ﬁ§§?w5ﬁggg¥%&?ﬁ@kgégé%%%%agﬂgﬁ%ﬂgata are in the form of
a bitstrea fr s of .coded data, ,an rein the decoding is
parti ¢ onedl e BeB L ar i Pam OB 4@l BhEb arieBTe PIRE 2 0ser of
back-end decode oggrations, the front-end decode operations including the
unpacki ng & n ata of a
Ki thdhaate fiﬁﬁcofqﬁ‘ég tPrC@éfﬂg }‘fk}er‘é‘fBﬁliﬁ C}?C%@?bbﬁ‘i’éﬁttleaéh%“erf‘éﬁﬁ%g%&% f

frame of the Rinb&tin@AKINECIndIRURRACHAH: ARde d@ﬁ&ﬁi@ﬂ nful GAUGRC Kk (FHOIFRI N

exponent and mantissa data for the frane, and the frame's acconpanyi ng
netacl ata, thSYACRIRHIPLIEEOHESBHEPa: rrshghqreip thedimylné EEHFPAI ng of the

transf qpm coe{f.ibERhfing TREriMUBERRs b ANSLOSHTIRheIRE oARBI KSR ProbisbBer
processing, applying any required transient pre-noise processing decoding,

and downm x§ ng. H%th%ﬁgc%gcg%%e ah%ogeo(;]f.%la]-lgq JERIA0Y v%%gé?ﬁ eii0g,d o clai m 18,

wherein the front-en operations are carried out in a first pass
foll owed by, a.,second pass, the first pass conprisin packi ng net adat a

bl ock- by- bl SeRaRETSABERE S0P Kb & ViR Br B P st ERsBhent and

mant i ssa dat auadseorslindr@d appnidg fligesmoatdnPas soc@rfeliosi dight BiwGedubeysaved
pointers to tggﬁgafke exponents and manti ssas, and unpacki ng and decodi ng
exponent and 4"8%a data channel - by-channel . 20. The met hod accordi ng
to any one of claiml to claim19, wherein the encoded audi o data are
encoded®accbr dhhepethad aeardsre tp pry ewrof sring P shelainy ). edpsindhe pdliodata het AC- 3

standard, thejlnlieAbediedbprfantdudd isbARIRL thbagiwehdd.¢aiRakl e with the
1-1- AC-3 standard, and 111-1- AAC standard, and a standard backwards
conpati bl e wi whergmphe JomAving one orAnere pppuec@ittiugag elisinaels usgp Higénfamelitiam st or i ng
decodi ng instﬁﬁp&kﬁgghggg&mMQQ%.executed by one or nore processors of a
processi ng system cause the processing systemto carry out decodi ng audi o

data that includes,encoded bl ocks.of Nn.channel s .of  audi.o ta to form
Cotaden audl’s THEFRERERORihath SRR LR vt BE A0y e Belfi o ' hp' 2
bei ng tche nunbewnmikingonelides qireleeyl pefafne@tssha haveygtd:fined tdhes @ncimdedieaudi 0

data, and m being the nunber of |ow frequen effects channels in the
Cotared aut oiahehe o frod TRE e et DE R I i e

13. The method according to any one of claim 9 to claim 10, wherein the identifying one

or more non-contributing channels further includes identifying whether one or more
channels have an insignificant amount of content relative to one or more other
25 channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

14. The method according to claim 13, wherein a channel has an insignificant amount of
content relative to another channel if its energy or absolute level is at least 18 dB

below that of the other channel.

60



instructions that when executed cause accepting the audi o data that

i ncl udes bl ocks of N.n channels of encoded audi o data encoded by an

encodi ng wethadio24éhe 10encodi ng net hod i ncl udi ng transf @ecwiusgoiNogssehannel s
of digital audio data, and form ng and packing frequency domai n exponent
and manti ssa data; and instructions that when executed cause decodi ng the
accepted audio data, the instructions that when executed cause decodi ng

i ncludi ng: 15 The method accordifdSh ClaGh il ORshekddad RN h8XQGHE &HiGAVSRouspBRCKI NY
and decodi ng the frequency 15domai n exponent and manti Ssa dat a;

i nstructions EH¥ENt ikiye Exaetheeehapanl ddtsgaeray af Hiolgtedevahis rolerit 08B i ci ent s

fromthe unpagked jandr §e5@885..f-gauency domai n exponent and nanti ssa dat a;
i nstructions that when executed cause inverse transform ng the frequency

o 0o OB T OB BRSSP, a0

use-ascertaining i1 f MeN and
i nstrucski ons tlirahelwen aexe@nifedntcawsast dficorerd astative tdovniminxiraighat | east sone

bl ocks of the deternined L ed. audi o dat ding to cl i xi ng dat
1 N, Cwher effinag Mgt SRR HCUH- RN RO LR BB e °

instructions piiatofehanclexecitigtde tatsialddecodi ng i ncl ude instructions that
when executed cause determ ning bl ock by bl ock whether to apply frequency
domai n downfi X¥hOghe@bd hdcBRIiQTRIaln JQWHEK R set@BR thiBSHOIAUS tdt @Nsnetdpat when
execut ed cause applying frequency domain dowm xing if it is determ ned for
a particul ar BlUsEK efgredspnsd vleuency domai n downmi xi ng, B being that the
ti me domai n downm xi ng i ncludes testing whether the downm xi ng data are
changedof r ol phewmeibad krorgdsiwdo daywnei oficlagn d &t dainahd whieeinghargemicd aydpl yi ng
cross-fading : i - e -t in
downmi xi ng acg%?gﬁgg&%ggﬁh%ﬂﬂﬁégéﬁfgggﬂR%@ﬂ%ﬁ%&?ﬁg%thggggﬁgﬂ%?gﬁﬁghanged,
directly tineissdoimnet idovasei ofi fmgt-emsbdecdiengetponshanddoanetibetinenddieta@le and C

bei ng that the iqstr%gtgons hat mhen.execqtgd ause ecod'qg i.ncl.ude
. . . o%era jons, the front-en de(:{)de %)e ations ingluding the unpac ]ﬁléa d odln% he
identifying oneé or nore non-contributing channel's o L nTnp

channel s, a napqeast ddnbiir ¢éxpgnann anneintibei dag ¢ acharnéthetbistteachde® not

contribute to the n.channels, and that the nethod .does not, carry out
Cover 58t ¢ anoriperan A NEL S0 YebiR axb i TR MRS e AT rS Y ¢ Ot ner
processing o galzﬁlﬁe ﬁaﬁie’@Iacdm{pgn}iiﬁgerﬂéﬂaddtzgdleﬂﬁﬁﬂt—ﬁlﬁilﬁebbd@uipbﬂag\%@hﬂd]lﬁt&h% . 22. The
conput er -readabl e st orage nmedi um according to claim?21, wherein the
transform ng fhy dﬁﬁgﬂl@ﬁg&ﬁfﬂ%&aﬂﬁ%ﬂm wientsy the yspse gﬁ‘bsé%fﬂkl?ga%‘éf%?l?ﬁng and

wher ei n the fdnthBesoRkQREIFHINEL bMCleHERY (RRNEN pROnOMePRQMNE RBsHiQY ekd ap- add
operations to determ ne sanpled audi o data.
downmixing in the case M<N.

20 19. The method according to claim 18, wherein the front-end decode operations are
carried out in a first pass followed by a second pass, the first pass comprising
unpacking metadata block-by-block and saving pointers to where the packed exponent
and mantissa data are stored, and the second pass comprising using the saved pointers
to the packed exponents and mantissas, and unpacking and decoding exponent and

25 mantissa data channel-by-channel.

20. The method according to any one of claim 1 to claim 19, wherein the encoded audio
data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and HE-AAC standard, and a standard backwards compatible with HE-

30 AAC.
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1523. The conputer-readabl e storage nmedi um according to claim?21 or claim
22, wherein the encoding nethod includes form ng and packi ng net adat a

rel at ed twotzhg/foewsquency domai n exponent and manti ssa daCajuskiwg/opasBadat a
optionally including netadata related to transi ent pre-noise processing and
to downm xi ng. 24. The conputer-readabl e storage nmedi um according to
any one of claim?2l1 to claim 23, 20wherein Ais true. 25. The

conput er - r eadallofipileRiAGMHIRGLMMARGALDLAYddRaiaL sthidbns Wh&IRhN the
determ ni ng whether to apply frequengé domai n downmi xi n%q or tinme domain
downmi xi ng i nétegeEd byeresi MdE PGSOt flet RIOFessiBhsystepenggied it Prpeassipdi se

processing, andHelQLMH Qlithlgca(idfingaa!ﬁMié)Qlfatattﬂﬁ il RIBAEHAG AR Hitg?:‘légaffN .gicfu%ﬁ%ﬁm bl ock

type such that” frequency 25donmai n downm xing is carrie y

i nstructions phadionheaio éxecderedtd endis datd drbtichidesoyiiny clfappelgofisleoededt hat  has

t he sane bl ock ' ; | j r.e-nei cessi ng,
and NENE R R R R S Sy

one of cl ai m 24li¢ datglaad m REg the numiiveplelow fteljeency affiefisothannedy in thetdeeodedc odi ng

met hod uses an pver| -t.ransform an the further processing includes
appl ying w ndS%R%gat%ir?llpdeo%\g/%&rl?%lﬁ?téuﬁéorgg%&% 11?%ns to determ ne sanpl ed audio

data, wherein applying frequency domai n downmi xi ng..fqr the particular bl ock
ncl udes. det er miPGH ULREUAGR SSF e G PP (e SUGO Aia R RERO%y 1 i e

domai n downmi ¥iobigs AN Efanhd1€od@veudt Xidi@ dft® Endob&l B S\enOsBndh@Bdd, RS by ti me
domai n downm xi ng,, apPI yi.ng downm xing in the tine domain or a pseudo-tine
domai n '0o t he“HAat'4e 8 @H@%&FWT@?QW%@W thaarely o digtahpidia i, alhed with the

decoded data Qfmtﬂgean@@aéﬁrrgtﬁe@ﬁe&k@%am@ nehehe hiin@RPiMh;Rdat | me domai n
downm xi ng for a particular block includes determning if downm xing for

t he previous ms?ﬁdﬁoﬂ@tﬁa%eilreg H@:E%g\lgggg%'d@g{i&%&gﬁd&gdlo%gg ik the

downm xi ng for e previous ocC equency donmai n 10downni Xxi ng,
processi ng t hesywaatiohchhiawhepleaesitedicifse dequdding indheing: f t he downmi xi ng for the
previ ous bl ock was not by frequency domai n downm xi ng. 27. The

conput er - r eadabl e isttarcdge tha dihameacaed ciusguipacliany aminiecalingchafrequédcyt 0 ¢l ai m

26, wherein Bis téue.. .
15 omain exponent and mantissa data;

instructions that when executed cause determining transform coefficients from

the unpacked and decoded frequency domain exponent and mantissa data;

instructions that when executed cause inverse transforming the frequency
domain data and applying further processing to determine sampled audio data;

20 and

instructions that when executed cause ascertaining if M<N and instructions
that when executed cause time domain downmixing at least some blocks of the

determined sampled audio data according to downmixing data if M<N,
wherein at least one of A, B, and C is true,

25 A being that the instructions that when executed cause decoding include instructions
that when executed cause determining block by block whether to apply frequency
domain downmixing or time domain downmixing, and instructions that when
executed cause applying frequency domain downmixing if it is determined for a

particular block to apply frequency domain downmixing,
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28. The conputer-readabl e storage nmedi um according to claim 27, wherein the
15processi ng systemincludes at | east one x86 processor whose instruction
set incl wiox0st0e®™ Nng single instruction multiple dataPextuspeliionzs3y SSE)
conprising vector instructions, wherein the instructions that when executed
cause decodi ng the accepted audi o data include instructions for execution
on at | east one of the one or nore x86 processors, and wherein the
instructions BhaingWhe hedMRCddnfith FRMBExihE IR Rhe 2AL@WNEL JbWidnikihg! ude
vect or |nstruct|ons for by at | east one x86 processor of the one or nore
x86 processor §ata gy changed Eomptarsesebdmanytiop dije antdl chengrdetirditg to any
one of claim &%sst.fadfag% Bifina AR Fhdla GolfnbliGhata anégme-ﬁgﬁlaﬁc&l%ﬂﬁl%ﬁn%eadabl e
storage nedi um accor di to claim?29, wherein n=1 and n¥0, 25such
i nverse transﬁ@wﬁim@DdﬁﬂmapﬁMVddiﬁmP®h£hwpmddéwgmwgﬁéﬂwﬁﬁbﬂﬂnﬁrr|ed out on
the I owsfrequ ~ [y eadabl e storage medi um
BoMidin ﬂ&&ﬁ@&lq“g}%@bg %ogﬁe @gﬁb\‘%

accordlng to any one o c alm erein the audi o data that

| ud d. f ,
e wher et mC P AR iR IR b S T Ve TRkt e e AR S g

t he |nfornatlomuhmahed@ﬁcamﬁhﬁﬁgcmmmmmmmmmgduﬁﬁncﬁhﬂdsanmmkemmbﬁﬁ@able
st orage nedi u rd|n tJéalm31 wh e|n t f or at defines
the. downnixi noranndatea el ad gresi aomiars et m Svand eaderBE val ues

that indi cat enfethal d@é%&lo%arﬂ’yf%ﬁnﬁé}%’hﬁﬁﬂsﬁ)rrﬁfng tm&qa&mpﬂbmhhldag aglnanel s. 533.
The conput er-readabl e storage nedi um according to any one of claim?29 to

cl ai m 36, wheﬂ@ﬂﬂn$ﬁ%m?ﬂ%ﬂ¥?$V§%ﬁm%ﬂ%“ﬁﬁmﬁ%F@mﬁﬁﬁ‘EBﬁ@FPHHPEﬁBm@ﬁﬁnneIs
further includes identifying whether one or nore channel s have an

i nsi gni fi catt Thneumnulesfreadabe eintage Bedinmagcarding eclom Hopaerenties channel S,
wherein a chap Ahel ASIaHY hiL o GARUGTH, abPHRLLY Fet

anot her channeﬂﬁk?gggg eﬁgrgy r t@%ﬁ?ute gﬁ)?s at P£g§f®15l B 10be|ow
that of the ofuréer prhemyied inclgdes a?hlemgovmwemg andayertdpeaddoperagesnedi um
according to 8&8! S3m Pﬂghgogag channel has an insignificant anount of
cont ent relatlve 0 another channel if its energy or absolute level is at
| east 18 d ow that of the other channel

st or agé” ne%gjﬁli%%oé?ﬁ“éﬁrﬁ%fd?%e SPERHSE I ghEyding © C?f%:lPPa%nl éFﬁ‘Hﬁg
i nsi gni ficant ttaréﬁwmingqﬁetmhﬁﬁﬂes f&hadg and phkimnoéth@ita @maddn@thelffeqhdnsy ener gy

or absolute level is at st 25 dB bel ow that of the other channel.
domain exponent an mantlssa ata, the metadata optionally including metadata

er-readable

related to transient pre-noise processing and to downmixing.

24. The computer-readable storage medium according to any one of claim 21 to claim 23,

20 wherein A is true.

25. The computer-readable storage medium according to claim 24, wherein the
determining whether to apply frequency domain downmixing or time domain
downmixing includes determining if there is any transient pre-noise processing, and
determining if any of the N channels have a different block type such that frequency

25 domain downmixing is carried out by the instructions that when executed cause
decoding only for a block that has the same block type in the N channels, no transient

pre-noise processing, and M<N.
26. The computer-readable storage medium according to any one of claim 24 to claim 25,

wherein the transforming in the encoding method uses an overlapped-transform and
30 the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,
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36. The conputer-readabl e storage nedi um according to claim33, wherein the
i dentifying whether one or nore channels have an insignificant anount of
content rwbDapvive2466 one or nore other channel s incl udesPcogsaritngsshe

di fference of a nmeasure 20of content anmpbunt between pairs of channels to a
settable threshold. 37. The conputer-readabl e storage nedi um according to
claim 36, wherein the settable threshold is set to one of a plurality of

predefined valuesin «pflyiHere g@éﬁ!\;ﬁﬁ&ﬁmﬁ@@Qﬁﬁixﬁlg&&ﬂh@ﬁﬁu&ﬁﬂldﬁ&mﬂl ng any
one of claim2l1 to claims3 erein the accepted audio data are in the

form of a bit S¢ipaamnef dopamEdnior he @Eiops Higeka wasi i ih e edin deWENiKiNgt r uct i ons
that when exeﬁﬁtf@ﬁle%%ﬁuégﬁ%fﬂh@@révms %‘c‘l@%se@ tﬁHQh&nﬂ%&mﬁﬁ&mQa”' tioned

into a set of reusable including a front-end decode nbdul e, and a
back-end decodrplyrogiddvenmixing irf ﬁl@ﬁmﬂelﬁdlauﬁen:@@eeud@dmeeiomﬁmtgmerd@tam&ter uctl ons

that whgn ex ngféh%gs f}lééiét‘ﬁat%{o io@@ﬂa%géd &/Elgthw&@%%d @ﬂaé‘frtﬂe Ea‘?—ﬁﬁﬁid e St r eam

frequency domai n exponent mant ta o

i nt o 30unpackea! and decoded frequency dormai n exponent and manti ssa data for
the frame, and the franme's acconpanyi ng netadata, and the back-end decode
nodul e i ncl udivhgreinipplyligtiin@ndntahadowaiexing ke a pheidulashis ihtlededet er m ni ng of

t he transform.coeffici ents t he inverse th]ngform%‘gw t he further

processi ng, t ASSTARHNS 1HGWAMNXRGRTInE BEFVIS HEs D iechgicy dopaBcessi ng

decodi ng, anddéw@mi&ln@VnaiiKihe gow itk f@ﬁﬁepﬂvﬁ&s B8k Whayragmtcgtomaadabl e
storage nedi um according to any one of claim?21 to claim38. 5wherein the
encodedaudi o %‘F&lxéﬁgepr@??é%%@e BaHeles bH@)thd(bff‘ld?ﬂ-f‘lyd]F‘ant1151@6élé‘f’n‘E%X”@tfalhdar ds

consi Ui ng. O eljfeffas Biosk 3adAf by roligenfy Ainghn sa0dAI, a standard backvar ds
conpatible with the E-AC 3 standar e HE- AAC standard, and a standard

backwar ds Wﬁéa&dﬁllﬁte\?‘re abl % %%um a'ES‘oé i %?roné Gﬁﬁémﬂ t§%ﬁ[n39§ medi um

according to clarm38, 10 re| enco o data are enco

accordi ng to wheceEInGt®est andard or according to a standard backwards
conpatible with the E-AC-3 standard, and may include nore than 5 coded
channel s, witeilb¢ cnrmﬂma:rfrwdhﬂslestongemeeiehlnagcdrdmg udceaﬁnﬂnpbvyéraig tvd ndowi ng and

over | ap- add operations to. dlfiter ne sarrgﬁlnp audi % dat a elﬂ » in the
case NI5, t hePOSTEEE BYH PERHS ﬂé?&% "PHAED BSe?HPS“FlPté?PeS%IF‘ Fto 5.1
coded channel suanthgdindl€astucanemdrprndenitchsiangSOF) @ageding atdor

instructions, wherein the instructions that when executed cause decoding the accepted
audio data include instructions for execution on at least one of the one or more x86
processors, and wherein the instructions that when executed cause time domain

20 downmixing include vector instructions for by at least one x86 processor of the one or

more x86 processors.

29. The computer-readable storage medium according to any one of claim 21 to claim 28,

wherein C is true.

30. The computer-readable storage medium according to claim 29, wherein n=1 and m=0,
25 such that inverse transforming and applying further processing are not carried out on

the low frequency effect channel.

31. The computer-readable storage medium according to any one of claim 29 to claim 30,
wherein the audio data that includes encoded blocks includes information that defines
the downmixing, and wherein the identifying one or more non-contributing channels

30 uses the information that defines the downmixing.
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wherein the decoding instructions are arranged as a plurality of 5.1
channel decode nodul es, each 5.1 channel decode nodul e including a
respect i weoinsiymeds7at i on of a front-end decode nodul e ardTaSe@3PISB3 ve
instantiation of a back-end decode nodul e, 20the plurality of 5.1 channel
decode nodul es including a first 5.1 channel decode nodul e that when
execut ed causes decodi ng of the independent frane, and one or nore other

channel decpdenhdaitues réQnbe a6hel BSBamtd-VadiderReNseN 1, (habR.thaand wherein the
decoding instructions further conprise: a frane information anal yze nodul e

of instructi ofoHHeN Waedsliassdbudemnmizine églrsles uidaxk Prgmeres Bt hggm
| nformation Tbl%h&irgérvélu?srlgatti&iiéageetﬁﬁt'ofn¥ of A6re/hATRR AWM f L ARy igPES and to

provide the identified frames to appropriate front-end decoder nodul e

i nst ant i at i onchaangls. a channel mapper nodul e of instructions that
when executed and in the case N>5 cause conbining the decoded data from
respect eve Iatke emtbutecadebldnmge hnedivinact@ding tdvayNne hixtinal 29 totlacedaded

data. 41. An apparatus far. processi ng audi ata to decode the audi o data
That i noi udes "BRCBakOgn RO BT i 3s SRR 00% o1 i decoded
audi o dat a t hafeniifginl e SreMnecoh aredhan@ds idee odiadigaitidim® amMht bf conednei ng t he
nunber of |ow frequency effqﬁgs hangels i.n tgﬁwgqéoded.au io data, and m
bei ng the nunBEHV6O MW 108y ‘ﬁégaqé‘? SRLCIBRL 118 PHINE RGN B4R audi o
data, the appaf@itst @RIAPE loSinb@er JHR@RSIf it EnddgCaPbidIge Ihel iandeRQt tadm t hat

i ncl ude bl ocks of N. n channels of encoded audi o data encoded by an encodi ng
met hod,'%t he eReeWtgOMBE AGE shadtelidi ng transforning N.n channels of digital

audi o data, and form ng and packi ng frequency domai n exponent and manti ssa
data; and 1¥rdhheonipyterdescabli pgragh medismageading irilymdy ghereina chenpgbhapor

decodi ngi ncl ud R FEAR bR HORRGK NG BRFAREEAL IhE hEEOHEREH, ORI N
exponent and nmantissa data; neans for geternlnlng transform coefficients
from t he unpatkelds aidehsdEcdiedo thagelehe gtheohraingl. exponent and nmanti ssa dat a;
15nmeans for inverse transform ng the frequency domain data and for applying
further proXe%hé agnjuerdeidelabnmgs angpibmccantding tddiim; 33anteriparnhainel hasi me

donei n_downmi xi ng. at. | east bl ocks. of the deter nined | ed_audi o dat
aceor ai'g Lo bR wars o ook Rasl e MERD At SRR R o A

B. and C i s t1d#€lis at least 25 dB below that of the other channel.

36. The computer-readable storage medium according to claim 33, wherein the
identifying whether one or more channels have an insignificant amount of content
relative to one or more other channels includes comparing the difference of a measure

20 of content amount between pairs of channels to a settable threshold.

37. The computer-readable storage medium according to claim 36, wherein the settable

threshold is set to one of a plurality of predefined values.

38. The computer-readable storage medium according any one of claim 21 to claim 37,

wherein the accepted audio data are in the form of a bitstream of frames of coded

25 data, and wherein the instructions that when executed cause decoding the accepted
audio data are partitioned into a set of reusable modules, including a front-end decode
module, and a back-end decode module, the front-end decode module including
instructions that when executed cause carrying out the unpacking and decoding the
frequency domain exponent and mantissa data of a frame of the bitstream into

30 unpacked and decoded frequency domain exponent and mantissa data for the frame,

and the frame’s accompanying metadata, and the back-end decode module including
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20A being that the neans for decoding includes neans for determ ning bl ock
by bl ock whether to apply frequency domai n downm xing or tinme domain

downm xi g0 2andioassans for appl yi ng frequency domai n dowRrgirAisegy1/023583 means
for applying frequency domain downm xing for the particular block if it is
determ ned for a particular block to apply frequency domai n downm xi ng, 25B
being that the nmeans for tinme domain downm xing carries out testing whether

the downmi xi nghsg@tidndiher viRaRI&d el A Meaiicatming Jf #RArdQWRRtotGe@at a, and,
i f changed, applies cross-fading to determ ne cross-faded downm xi ng data

and time domafh IRNSHIS MRS PN R ESrTHTRG PEASCE e, By BRPAYIRRYICHYRATTAISIThg dat a,
and if UnChangl%%oisg'pE&%lnXg BERbeE #nd h TBARIRIND | H@WRRL X1 g according to the

downmi xi ng 30data, and C being that the apparatus includes neans for

identifyin [ [ ng.ri 1 nnel f N4 i hannel s,
2 mon- cont PEbuEs RuARETARIE QB R EHRRPE &y Bhe b A b IR €20 T G
Mm changel s, ahcreinhid erichddapiardatus ahoakdnotordiag toyonouf the ktef sendardansf or m ng

the frequency donmin t | yi ng rt her 5processi on the one or
rore | dent 1 s nahe eaRt B ERER R R g R R B R ac Cor di g o
claim 41, whec@iputibleevith BOBIAAC-Aisagddrd thdl@E- 00O shngrdyeihodandagls an

over |l apped-transform and._wherein the further processing includes applying
wi ndow ng andg?f\?fé’ﬂdéﬁglﬁwbgg‘@%ﬁ%&o determ ne sanpl ed audi o data. 43.

The apparatus according to claim4l or claim42, wherein the encoding

met hod 10i i) hBecomRyterireRd2Rin sorsge Redigmmeeidiae & ¢dmated to the frequency
domai n exponent and nmanti ssa data, the netadata optionally including

met adat'a r el awbereinghe erandidendiophe arvoinseded poweding oghalid (-3 sdodenhdxi ng.  44.
The appar at us ' 1.0 gk ai in Ais
true. 45. Thea%%%gﬂ{’gg[? Egtag@%%%ﬁk%gﬁé?étrfl%t@k,%léﬁg% gi,ﬁé ?fesgyﬁélﬁ?’oa%g% erm ni ng
whet her t o appicipdd Boretharencyded olmanels,downm xi ng or time domai n downm Xi ng
carries out determining if there is any transient pre-noise processing, and
det er m ni ng i vhawin B fuithe Proeisaipriadisded apgyidg diddoeirgnind bl atils-atiype such t hat

frequency domai n downmj xing is lied only for a block that has the sane
bl ock type ino?%glwp%ﬁﬁ‘@ﬁ’@,sa‘ﬁag‘f?‘ﬁlﬁ%ﬁl%t pre-noi se processing, and M<N.
2046. The apparatus according to any one of claim44 to claim45, wherein
t he trdfsf or mvAgreimningthiecash Mo thycaded hisirews axludes Yriadqrapisatirameae{sPde m and

the further ps9cesSH RindeRGhYdESsPHR! dpOe N RARWE DSicAGaOVer | ap- add
operations to determ ne sanpl ed audi o data, wherein applying frequency

donai n downm é}hE'I%mftf?J deth(%ngg %EMC?iHLSaJre Qllrﬁl%gd gs%%lﬁ'&ﬁt? of 5.1 channel decode

modules, each 5.1 channel decode module including a respective instantiation of a

front-end decode module and a respective instantiation of a back-end decode module,
20 the plurality of 5.1 channel decode modules including a first 5.1 channel decode

module that when executed causes decoding of the independent frame, and one or

more other channel decode modules for each respective dependent frame, and
wherein the decoding instructions further comprise:

a frame information analyze module of instructions that when executed
25 cause unpacking Bit Stream Information field data and to identify the frames
and frame types and to provide the identified frames to appropriate front-end

decoder module instantiation, and

a channel mapper module of instructions that when executed and in the
case N>5 cause combining the decoded data from respective back-end decode

30 modules to form the N channels of decoded data.
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25determning i f downm xing for the previous block was by tine domain
downm xing and if the downm xing for the previous block was by tine donmain
downi ni XiWQ,20epPR9s7ng downi ni xing in the tine domai n or PaTASeUdO23583e
domain to the data of the previous block that is to be overlapped wth the
decoded data of the particular block, and wherein applying tinme domain
downm xi ng for a particular block includes determning if downm xi ng for

the previoug. hthﬂsarmfobﬁmtésgﬂg@M&dﬂ@f@deeodmﬁmamdi@ D th@eraﬁbmcfes tR8ded
downm xi ng for t revi ous bl ock was fre uencc?/ dorral n downm Xxi ng,
i

processi ng thbloﬁléﬁrqfll\blmﬂﬁlﬂn%ff efcrdigidpfade éﬁmlcgff‘cqqﬁéﬁu gAY for 5t he
previ ous bl ock, RS QP&ec@déd Al AU E Y %Q@h@n&%ﬁ@&@ 18y Hquéhly e apparat us
according to any one of claim4l to cl& m46, wherein Bi1s true. 48. The
appar at us accoranglgintthe ericadash agdio dé\heafnélrmb(tlh@happ@bgmﬁbw helugysligets | east
one x86.proce Belw})qggdécgéédra‘d&%'dgﬂ ﬁ?@g&?&%ﬁl nﬁh%eam ng single

i nstruct| on nmu tl pl e data extensions conprising vector instructions,

U1 oast one. BRATHE BHEY RGP uE (HY B BPR 18t HRE NP "accor o m

to any one of agli@iaa ditotial h;/|aaleﬁ¢04181g niiBsde tha eﬁbddﬁlgtrﬁd.ﬂa)d mclﬁd’ing The appar at us
according to claim 49, wh p:.l. %nd .Mm=0, sg h t hat erse transformng
and appl yi ng FHP{(HRINEN-8& Eg’élfﬂﬁ@ digital giidio dafp,an famg%lﬁpﬁ 8'6W 1 ¢quency
15ef f ect chanaghain 9dpondkian@pRmised dsa;aeeor ding to any one of claim49 to

cl aim 50, wherein the audio data that includes encoded bl ocks incl udes

I nfor mapi on t hahndef d0&fing ME adL¥RMhIi D ata, IRANMAS F R 1Bek ?ﬂlmg fying one or

nore non-contributi ng channel S uses the i nformatl on that defines the

d 2052. 9t |
ownm xi ng. inB On aﬁ‘&ﬁé& Ql'ngﬁletf gtihey Hﬁﬁalﬂ 6&4 Elf‘anné o claim

50, wherein the i nt| or nore-non- tin el s thither

i ncl udes identi fylmgltumetalwer one or nore channels have an insignificant
anount of content relative to one or nore other channels, wherein a channel
has an insignifi camtanai@uibterGihing@nh&tin é@Ffaidnserdnd thanapdeed mdanaekdi f its
energy or absolute level js at |east néS dB bel ow that of the other channel.

2553, The appar at uSSHERYGMAE EBO%ALAGMnEadrEi m 41 to clai m 52, wherein

t he encoded audi o data are encoded according to one of the set of standards
consi st'Png of the neans fEinysestgnsfomangthatrequesedrainidatyangkighapphindackwar ds

conpatible with t hﬁrtﬁer’%ﬁ)c%ss%ﬁgataqgté&m@%%xﬁé&%u&oIdgt'apaang standard, and a

st andard backwards conpati bl An appar at us for processi ng

audio data that | “I%Féﬁ oo t%inrhoﬁﬂ e%ﬁf%%’]&gpgﬁjﬂ% 'kQO%E éetér%ltle%rm decoded

audi o data that inc eco au or 1 being
t he nunber of |ow sfmsptpdeand:y deth hestdng tralonensxingddihr drcedtdd<lsudi o data, and
m=0 or 1 being the nunber of |ow frequency effects channels in the decoded

Saudi o data, Whercppaaalous oS CNYirue, means for accepting the audio
data that includes N n channels of encoded audi o data encoded by an

encodi ng met h@%eir%h@at%%h@ﬂ)r OELIRY iSRS S Gort deRRSInAMIRG thibbcghannel s
of digital audio data in a manner such that inverse transform ng and

further proced%¢they teapply Eegieasy donin ¢psvpgiiging or time domain downmixing, and

means for applying frequency domain downmixing, the means for applying frequency
domain downmixing for the particular block if it is determined for a particular block

to apply frequency domain downmixing,

25 B being that the means for time domain downmixing carries out testing whether the
downmixing data are changed from previously used downmixing data, and, if
changed, applies cross-fading to determine cross-faded downmixing data and time
domain downmixing according to the cross-faded downmixing data, and if
unchanged, directly applies time domain downmixing according to the downmixing

30 data, and
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10sanpl es without aliasing errors, form ng and packing frequency domain
exponent and manti ssa data, and form ng and packing netaclata related to
t he freguwwocoyiidoe®mi’n exponent and nmanti ssa data, the netragatsaoiopeisonhal |y

i ncluding netadata related to transient pre-noise processing; and

means for decoding the accepted audi o data, 15the nmeans for decodi ng
conpri si ng: one or nore neans for front-end decoding and one or nore
means for back-wRnpg tﬁa@gﬁquﬁatumgh@ésnnéahﬁfom@ﬂtﬁyfngroné bofbre@0fl decoding

i ncl udes neans for unpacking the nmetadata, for unpacking and for decoding
t he frequency cuiiting ehgsnelent thalen IRBHICIGDE!S daltoa; coRORAEtehAIchicifblins £ or
back-end decogi el hbded: RAMe 9 the A HELHIRMINGnd hANRS HpRaaREEL ol ent
fromthe unpacked and decoded frequency domai n exponent and nantissa data;
for inverse transfupimbngretséormmediehielpedureaindiataend applyiap plrfichg wi ndow ng
and ovegl ap- A QREE 3h iNRe bOnISLEHTHALFATRLRH A dat & o appl ving

any required transient pre-nolse processing decodi ng according to the

netadata re d to 25transient pre-nojse processing:.apd for. time donmain
Gownmx. ng. 6 08¢ wrigoR o RRRE R TPt e YIRS R s iint xi g+ 1 e
domai n downmi Xiethgd ates lag agdriappuderdabfoak indfwvhd@inahafiehedirng sdiy idowmg Xi ng dat a
in the case MN, .and. wherein at %eag% one, of 13, and Cis. true,

A being that tHRYREIHEOYER ALK ERAIGEREEHIORY dEride s PRIShE Y45 et er ni ni ng
bl ock 30by bl ock whether to apply frequency domai n downni xi ng or tine

domai n dowrd XNhepraceiity aproatiag Wﬂaﬂaﬁmowlﬁgn%/%@@e@ﬁbtye %ﬁﬁ@&n&gwﬁm xi ng, the
means figr apph%hﬂ&n%ﬁ%ﬂg%ﬂf&m@ﬂ?ﬁh&dﬁQ%Qﬂk&kﬂﬂaﬁ&ﬂk&hQﬂnﬁﬁﬁﬁH&ﬂﬁVmﬂO”a'n
downmi xi ng for the particular block if it is determned for a particul ar

bl ock to appl Yaptissydandie Headaiaontionmtyiindlyding BEagsd febptadriatransieat pigans f or

time domain dg&@€¢5&g Al 8swRHEk festi ng whet her the downm xing data are
changed from previous ?guséd %gwnn% ing data, and, if changed, applies
cross-fadin determ ne cross-fade 0 i X1, ta and,tinme domain
downm i ng BBk SPREN T RS Snt SRS AMOT LI S5 BRI R, £ lnehanged,
directly applies tinme domai.n downm xi ng. accor di tao the downm xi ng 10dat a,
and C bei nggt hﬁ‘i aﬁpﬁ@t‘ﬁﬁﬁ%‘iﬁ%ga' ‘Q &’&&‘gmrfﬁ%i‘ﬁ%gqu%e’if%lﬁ%i g 8AdY or nore
noncontisi but i pgqeh@nmslasn @fwinhinNoNtimn® Pothaie BakMaixEng cArrR® ButGRREhinidlif Ng
channel being a channel that does not contribute to the M mchannels, and

t hat the _rrean§16¥ed? alﬁ’at&@“é?fd’r‘ﬁé‘?}&cﬁrﬁifsﬂ%§n41‘é@tter@§i’1?%llf6@t ofj the, N chgnnels
transform ng hhe of di@GHRMENK PR (HATRAMEY domain downmixing is applied only

for a block that has the same block type in the N channels, no transient pre-noise

processing, and M<N.
20 46. The apparatus according to any one of claim 44 to claim 45,

wherein the transforming in the encoding method uses an overlapped-transform and
the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,

wherein applying frequency domain downmixing for the particular block includes
25 determining if downmixing for the previous block was by time domain downmixing
and if the downmixing for the previous block was by time domain downmixing,
applying downmixing in the time domain or a pseudo-time domain to the data of the
previous block that is to be overlapped with the decoded data of the particular block,

and
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15appl ying further processing on the one or nore identified
non-contri buting channels. 55. The apparatus according to claimb54, wherein
t he transwornimig2den t he encodi ng nmet hod uses an over | appetAtSe@nstssIn and
wherein the further processing includes applying wi ndow ng and overl ap-add
operations to determ ne sanpled audio data. 56. An apparatus as recited in
claimb54 or claimb55, 20wherein the encoded audi o data are encoded
according to t/grefs ?n sinRndalacth QwnaGeag tirdPafiRudr Sbandatgsbackwar ds
conpatible with the -3 standard, and may include nore than 5 coded
channel s, mheﬁ@?fﬁllnlpgllftdﬁém@a%@ IRt ievious ekl waslalravencydemaan i ndependent
frame of up tQownplixf dﬁfé 19411@86\?}\1%1)&%@%&& {n%@l%ﬁs 198& \gz%ﬁﬁfrfgﬁﬂénc? H@rHEnOf coded
data, and 25whereln he means decodi ng iple
i nstances of t¢enmEmgsppenssifg thnpar@nldard:é@tkdilﬁﬁfgera}mh@flf thh doweixsngffor back- end
decodin |nc ding and a first neans
gﬁcgrgougbiocﬁ %/heco ?re&%{r]m)t& 8&%}% nt

for bac i ng e |n epen rame of up to 5.1

h | t . f
Eaﬁﬂnﬁné de‘!; e PR T e S
means for acking Bit Strean1|nfornat|on field data to identify the
frames and ‘fg? Ahearrgaes aggopdinglolainitdeVigien theaRpapir oot leatt na ¥ opri at e

Sneans of fropfoc@RE WRcORMRioR A includes st¥BRANS sfngle iR@MABEIN R@pBRadecoded
data fromrespective neans for back-end deco |ng to formthe N channels of

decoded dat a. ©S9NSIONRESAP SAPRHYRE WEOH IO axhyheseia mMepnsdPhiinge 8omiiB cl ai m

56, whepei N Agb@nihikHe mxﬁ&ec@ﬂ%stﬂf&ﬂéﬁs%%le@ﬁ%% G RYofQor oAt B 7, wherein
means for determ ning whether to apply 10frequency donai n downm Xxi ng or

time domai n dBWEeHENP-ng carries out determning if there is any transient
pre-noi se processing, and determning if any of the N channels have a

di fferent b%adke tppprtsuctordingto any egreintaymdad naclaindéluwiecim@isitaieappl i ed only
for a block that has the same block type in the N channels, no transient
pr e- noi se pﬂDCEéﬁﬁﬂgﬂma&@nﬂﬁbbclﬁﬁQQ wheciappanal MsO,acaahgiimgrseo any one of

claim54 to clal s true. 60. The apparat s ac ording to
cl ai m 59, WneFé‘?S Or{nHé% %ﬁﬁ%@&f‘% urhREprcrsdnggre Fl%tﬁf“eﬁr?ét YEEYUY whose

i nstrugki on setfedt AGinkeles stream ng single instruction nultlple dat a
extensions (SSE) conprising vector instructions, and wherein neans for tine

donai ”830"‘“5"1‘ $hOhphtAlR aV&FdiRE (ol a5 bAUSH ARSI c1@m 5@ IhkrefNBe Adid fifa ONE OF
nore X
that includes encoded blocks includes information that defines the downmixing, and

wherein the identifying one or more non-contributing channels uses the information

that defines the downmixing.

20 52. The apparatus according to any one of claim 49 to claim 50, wherein the identifying
one or more non-contributing channels further includes identifying whether one or
more channels have an insignificant amount of content relative to one or more other
channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

25 53. The apparatus according to any one of claim 41 to claim 52, wherein the encoded
audio data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and the HE-AAC standard, and a standard backwards compatible with HE-
AAC.
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20processors. 61. The apparatus according to any one of claim54 to claim
60, wherein Cis true. 62. The apparatus according to claim®6l, wherein n=1
and m=0, wWochitftad67i nver se transform ng and appl yi ng fuPChars2@noesssi ng are
not carried out on the |Iow frequency effect channel. 2563. The apparatus
according to any one of claim6l to claim62, wherein the audi o data that

i ncl udes encoded bl ocks includes information that defines the downm xi ng,

and wher ei ns4 @ appeRLd foY hoBesARE aRlio ORE BaMRRLERMN. ;i LIh16r GbaRnahdouses the
information that defines the downm xi ng. he apparat us accordi ng

( 64. T .
to any one of d¢f &l lerme deqodedivdiodagathatiprdydss M.misbanngls of fi¢cpilsgudooMelor nore
non- contri but h0g, CHARNEHS ndiibd: BEIow MELMES SritdeMahidd AIIEsRELu@pe or nore
channel s have an insignificant anount of “content relative to one or nore
ot her channel data.ghépepr § beiha hsalunthasofdew fragiegen ¢ffectivhamapds imthe décoderht ent
relative to anot ]Qaﬂ LE i s:.energy or absolute level is at |east 15
dB bel 0\% t hat g‘%w?{%qot gglja%lhg%%fgm%% The apparatus according to any one
of claimb54 to claim®64, wherein the encod udi o, dat a .ar e encoded
according to one of thd'%&8 %SFCCS?té{ﬁgléefﬂlghoc%gast gttlflﬂ'éd%%t‘ll‘f?@m}f&i st andard,
t he E- AC- 3 st andar ghcodedsitidin dat dndvdek wasrtksncodingatihbd, eharnebdiih@ethoAC- 3
standard, the HE- AAC st andard, an%cjiNa Et anldarg. balck rds.conpatible with
HE- AAC. 66. A systIRPESHE Y ¢g 1N debyHE’ i fieha d41'] SRR 2 MRUIGEEE N n
channel s of encodedadbibr® tAaifarntife hrfoee padedingudh Rcehak amt dahainncl udes M m
channel s of decoded audi @, 10n being the nunber of |ow freguen,cy effects
channel’ in the endddky Wé@ﬁ‘i‘té‘hﬁﬁéliga‘?“oé%éormﬁ‘gﬁé‘fi RECHIRETSIUPASE FOBRIN] ow
frequency effects Ghanmehs ﬂlihtifssf&%aﬁ?%%ﬂniﬂ%lQfld})aﬁlﬁhgme{ahﬁa SYSRE B he
conprising: one or nore processors; and a storage subsystem coupled to the
one or nore procesSyrency Ispwrespeneptimddnantismdpa, thomeiagiiz epfiongaccept the

audi o data that inglygas nfla%kSe18Ea DRrahaRRR! fiQfprelspdeshaudi o data
encoded by an encodi ng nhet hod, the encodi ng nmethod i ncluding transform ng

N.n channel s of digital J form. n d packing frequency
domai n exponent and mnwﬁ%gg%?g‘ga%t%g@génglg?eggﬁd%(glgtdgtgdecode t he accepted audio
dat a, i1r51cl udi

Hl% ntle(ejlﬁs for decoding comprising:

one or more means for front-end decoding and one or more means for back-end

decoding,

wherein the means for front-end decoding includes means for unpacking the metadata,

for unpacking and for decoding the frequency domain exponent and mantissa data,

20 wherein the means for back-end decoding includes means for determining transform
coefficients from the unpacked and decoded frequency domain exponent and mantissa
data; for inverse transforming the frequency domain data; for applying windowing
and overlap-add operations to determine sampled audio data; for applying any
required transient pre-noise processing decoding according to the metadata related to

25 transient pre-noise processing; and for time domain downmixing according to
downmixing data, the time domain downmixing time domain downmixing at least

some blocks of data according to downmixing data in the case M<N, and
wherein at least one of A, B, and C is true,

A being that the means for back end decoding includes means for determining block

30 by block whether to apply frequency domain downmixing or time domain
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20unpack and decode the frequency domai n exponent and nmanti ssa dat a;
determ ne transform coefficients fromthe unpacked and decoded frequency
dormai n exyworenti10a9sd manti ssa data; inverse transform t hecrrsqueneis3zsionai n
data and apply further processing to determ ne sanpled audi o data; and
25ti me domai n downnmi x at | east some bl ocks of the determ ned sanpled audio
data according to downm xi ng data for the case MKN, wherein at |east one of
A, B, and C i golkiHQing arddghdags fohadpi{iRerrdpeadi dbehat w8 sing @b enBnlirgtg bl ock
by bl ock whether to apply frequency domai n downm xi ng or time domain
dowmi xi ng, afRPIYipg frequescygloneingayedniziag applyiag fregnardoplagedonngizppfay
frequency domgjen, ARURIbIXENG i i ARG (dGAHRRGY HIBAMBIBr g Qpinxy N9 for the
particul ar bl ock, B being that the tinme donmain downm XI hg I'ncludes testing
whet her the ddwnamgdpwgmgaiza are changed from previously used downni xi ng
data, and, if changed, applying 5cross-fading to determ ne cross-faded
dowmi xbng daBacadhdt thvendlosntor imd dumainxiowgmadoradial gut tostinh evhethesthe f aded
downm xi ng data, and if unchan di rect ti domai n._ downm_.xi ng

Bccor it ng t o PR BOMa G RRE Tor Bl g FutmE R SETHE el udes
identifying ooangéd, applies orosy-fading td dewirinihg cellarided Sovaimiking ddamand taput
channel s, a ngn-contributing channe bein% %H%pannel 5hat 9oes not
10contribute CYFREONHFUIIARFETNES Ry PR R "R HBYI b8 Hot carry out

i nver se transtghandeg, diRetlyf ipueemay dahedmidydhaikmg abdrapplohd\@wratikingr
processing on the one or nore identified non-contributing channels. 67.
The sysPem acl¥difig to claim 66, wherein the transforming in the encoding
met hod uses an over| apped-transform and wherein the further processing

i ncl udes appl fihsgetmuiheconiraiys @akddesveaanalor gatilypeoae poneremendet er m ne
sanpl ed_audi OC&lﬁltﬂﬂItin% gl@a?inel?gﬁg%)ﬁ%_riﬁgat%ﬁﬁﬁégf ﬂg)ntc%g@i%xtir%r&a@{el Gél%éin 66 to

claim®67, wherein A rue. system according to claim wher ei n
det er m ni ng whgnhdthat docampt sonfrivatgue e doshanreld ewhiridhaugeans feribaek ddmai n
downm xi ng deternmin if re. i ient. pre-noise pr sing, and
detorm nes | f Iasuliehe AR e Bt KR B B SO B A BB Che T
frequensy domapphyidoiumthengrogsding @ppé pecoramiry idemificd nbh-oakribinag chaselshe
55. The apparatus according to claim 54, wherein the transforming in the encoding
method uses an overlapped-transform, and wherein the further processing includes

applying windowing and overlap-add operations to determine sampled audio data.
56. An apparatus as recited in claim 54 or claim 55,

20 wherein the encoded audio data are encoded according to the E-AC-3 standard or
according to a standard backwards compatible with the E-AC-3 standard, and may

include more than 5 coded channels,

wherein, in the case N>5, the audio data includes an independent frame of up to 5.1

coded channels and at least one dependent frame of coded data, and
25 wherein the means for decoding comprises:

multiple instances of the means for front-end decoding and of the
means for back-end decoding, including a first means for front-end decoding
and a first means for back-end decoding for decoding the independent frame

of up to 5.1 channels, a second means for front-end decoding and a second
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same bl ock type in the N channels, no transient pre-noise processing, and
VKN. 70. The system according to any one of claim66 to claim®69, wherein
B is truewO2nyibes7syst em according to claim 70, wherei RCTHS26523533

i ncludes at | east one x86 processor whose instruction set includes
stream ng single instruction nultiple data 25extensions (SSE) conpri sing
vector instructions, and wherein the tinme donmai n downm xi ng includes
runni ng vector i Ns{Eds tbr@ask-i REodifASt dQ0&nPbnd HEBORAIMPIENEE
processors. 72. The system according to any one of claim66 to claim 71,
wherein Cis true.da®3 "~ The system according to claim72, wherein n=1 and
m=0, such that inverse transform ng and applying further processing are not
carried out on the | owmhqegieneyacking BatStichahrfetmativd ficllTklatady skewtrfy &ecor di ng
to any one of cl ai m.7 rein t.he audi hat . 5i ncl udes
encoded bl ocks incﬁ%&%gh?ﬁ%%?k F?%ﬁ¢¥ﬁ§¥ﬁ%@F?§§%@¥ﬁEgﬁgﬁ%ﬁPéPﬁéﬁéand
wher ei n5t he i dent i faydnngf Hove-eod devodmgnad- cont ri buti ng channel s uses the
information that defines the downm xing. 75. The system according to any
one of cl aibm 72 tohcl ainiaeaﬁfforw?]tﬁusiﬁjng t}ltehigcédé_egathffm?n_gsp@aavﬁ@ﬂieﬁmOe
non-contributing channels further includes identifyin et her one or nore
10channel s have anmﬁhﬁpﬁﬁFP@Eéﬁﬂbgﬁﬁﬁﬂfdﬁmn%%ﬂF@ﬁ¥%ﬂggﬁiive to one or nore
ot her channels, wherein a channel has an insignificant anmount of content
rel ative t o /ahbt #paraghapgeeding o any nepfelagip Sdrio glpiebdytdercaydls fus. at | east 15
dB bel ow that of the other channel. 76. The system according to any one of
cl aim 66 t o5& [Th¢ mpatajuswherdngtotcireme celthae n agdinsdoddtiamarez ehalou edapptycor di ng

to one18f theﬁset of stangards consgsti he. AC-3 15sta

dquency dohlaifl downulixife of'time hoHai Elotlilmixmg A eF]out e%ar'din tip €
E- AC- 3 'st andardl 4 st andar d backwnar ds conpa PO E Wt The B ACT 3 St andar d,

and t he HE- AAGestiaadarasicande-aoist @paasiog, bacdaamidngid apasti thd § chartnhls HEAAC.

77. The system as recit {n any. o0 of claim66 to claim76,.

wherein the. albBp MR sk hup B R yshe Ob At g s e 4Bl 9 ¢ anes of
coded for a block that has the same block type in the N channels, no transient pre-noise

processing, and M<N.
15 59. The apparatus according to any one of claim 54 to claim 58, wherein B is true.

60. The apparatus according to claim 59, wherein the apparatus includes at least one x86
processor whose instruction set includes streaming single instruction multiple data
extensions (SSE) comprising vector instructions, and wherein means for time domain
downmixing runs vector instructions on at least one of the one or more x86

20 processors.
61. The apparatus according to any one of claim 54 to claim 60, wherein C is true.

62. The apparatus according to claim 61, wherein n=1 and m=0, such that inverse
transforming and applying further processing are not carried out on the low frequency

effect channel.

25 63. The apparatus according to any one of claim 61 to claim 62, wherein the audio data
that includes encoded blocks includes information that defines the downmixing, and
wherein the identifying one or more non-contributing channels uses the information

that defines the downmixing.

64. The apparatus according to any one of claim 61 to claim 62, wherein the identifying

30 one or more non-contributing channels further includes identifying whether one or

72



20data, wherein the storage subsystemis configured with instructions that
when executed by one or nore of the processors of the processing system
cause decwOi2ng/wkw7accept ed audi o dat a. 78. The syst emCaaSe@aioedsd3 i n any
one of clains 66 to 77, conprising one or nore 25subsystens that are
networked via a network |ink, each subsystemincluding at | east one
processor.

more channels have an insignificant amount of content relative to one or more other
channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

65. The apparatus according to any one of claim 54 to claim 64, wherein the encoded
5 audio data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, the HE-AAC standard, and a standard backwards compatible with HE-AAC.

66. A system configured to decode audio data that includes N.n channels of encoded
audio data to form decoded audio data that includes M.m channels of decoded audio,

10 M=>1, n being the number of low frequency effects channels in the encoded audio
data, and m being the number of low frequency effects channels in the decoded audio

data, the system comprising:
one or more processors; and
a storage subsystem coupled to the one or more processors,

15 wherein the system is configured to accept the audio data that includes blocks
of N.n channels of encoded audio data encoded by an encoding method, the
encoding method including transforming N.n channels of digital audio data,
and forming and packing frequency domain exponent and mantissa data; and

further to decode the accepted audio data, including to:
20 unpack and decode the frequency domain exponent and mantissa data;

determine transform coefficients from the unpacked and decoded frequency

domain exponent and mantissa data;

inverse transform the frequency domain data and apply further processing to

determine sampled audio data; and

25 time domain downmix at least some blocks of the determined sampled audio

data according to downmixing data for the case M<N,
wherein at least one of A, B, and C is true,

A being that the decoding includes determining block by block whether to apply

frequency domain downmixing or time domain downmixing, and if it is determined
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67.

68.

69.

70.

71.

72.

for a particular block to apply frequency domain downmixing, applying frequency

domain downmixing for the particular block,

B being that the time domain downmixing includes testing whether the downmixing
data are changed from previously used downmixing data, and, if changed, applying
cross-fading to determine cross-faded downmixing data and time domain downmixing
according to the cross-faded downmixing data, and if unchanged, directly time

domain downmixing according to the downmixing data, and

C being that the method includes identifying one or more non-contributing channels
of the N.n input channels, a non-contributing channel being a channel that does not
contribute to the M.m channels, and that the method does not carry out inverse
transforming the frequency domain data and applying further processing on the one or

more identified non-contributing channels.

The system according to claim 66, wherein the transforming in the encoding method
uses an overlapped-transform, and wherein the further processing includes applying

windowing and overlap-add operations to determine sampled audio data.
The system according to any one of claim 66 to claim 67, wherein A is true.

The system according to claim 68, wherein determining whether to apply frequency
domain downmixing or time domain downmixing determines if there is any transient
pre-noise processing, and determines if any of the N channels have a different block
type such that frequency domain downmixing is applied only for a block that has the

same block type in the N channels, no transient pre-noise processing, and M<N.
The system according to any one of claim 66 to claim 69, wherein B is true.

The system according to claim 70, wherein the system includes at least one x86
processor whose instruction set includes streaming single instruction multiple data
extensions (SSE) comprising vector instructions, and wherein the time domain
downmixing includes running vector instructions on at least one of the one or more

x86 processors.

The system according to any one of claim 66 to claim 71, wherein C is true.
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73.

74.

75.

76.

7.

78.

The system according to claim 72, wherein n=1 and m=0, such that inverse
transforming and applying further processing are not carried out on the low frequency

effect channel.

The system according to any one of claim 72 to claim 73, wherein the audio data that
includes encoded blocks includes information that defines the downmixing, and
wherein the identifying one or more non-contributing channels uses the information

that defines the downmixing.

The system according to any one of claim 72 to claim 73, wherein the identifying one
or more non-contributing channels further includes identifying whether one or more
channels have an insignificant amount of content relative to one or more other
channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

The system according to any one of claim 66 to claim 75, wherein the encoded audio
data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and the HE-AAC standard, and a standard backwards compatible with HE-
AAC.

The system as recited in any one of claim 66 to claim 76,

wherein the accepted audio data are in the form of a bitstream of frames of coded

data,

wherein the storage subsystem is configured with instructions that when executed by
one or more of the processors of the processing system, cause decoding the accepted

audio data.

The system as recited in any one of claims 66 to 77, comprising one or more
subsystems that are networked via a network link, each subsystem including at least

one processor.
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