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

CROSS- REFERENCE TO RELATED APPLI CATIONS clains priority tot Mter' Stales
Provi sional Patent. Application No. 61/305,871, filed 18 5 February 2010,
and Unitedwst i gs2drovi si onal Patent Application No. 6Xc3afR2068:3s53 | ed 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 audio data conpression has
become an inportant techni %ue in the audio industry. New formats have been

i ntroduced that YN BEGRDERANDPECGQRRING METUODASIBG RFEIGHENT t he need for
the hi gh data bandw dth that woul dDP¥VNMEUNGed using traditional

t echni ques. AC-3 and re recently Enhanced AC-3 (E-AC-3) coding technol ogy
has been adopted by tﬁ%ﬁgﬁﬁﬁfﬂ%ﬁ#@?m%ﬁwwwg KBRS t ee (ATS( ) as

the audi o service. s for |l Spefinition Television. (HOTV) in the
United St aétchlrélgb @?Né)gﬂﬂgiggt%%o ‘%ﬁ%@l‘a‘p“b(*f’%%f‘ i nl\}s%‘ %’ﬁg(?:%éggﬂ%ﬂ?’nedl a
(di gi tal SicteeryddEs pndadelted iSrages Progtoed! IPrtert Appbad calSe..6.1/389, 4G Bled 89 an exanpl e

of per cept jal o 0%ohGercBP LI LAES ef Lhc &R IAG (kL Pl e channel's of digital
audio to a bi tgg’r gam%f?glédéd\c{%tﬁdylslé ‘and met a gtttﬂ]gl.b [ 0003] There is interest

in efficiently decoding a cod | i r For exanple, the
20battery life of portable deﬁﬂ%@ﬂ%ﬁ%m\%ﬁﬁgﬂted by the energy
consunpt i qoo@f i tise PRI REREESSUNG g'éﬁUrztllyT(hﬁldﬁﬂ?%ng%r&gﬁﬁl%npt' on of a
processing unit is closely related to the conputational "conplexity of its

tasks. Hence, reducing the averag ‘&Q@ ional conplexity of a portable
audi o processing system shoul d ex%en ﬁgﬁyg’:tery life of such a system 25

[ 0004] The [bey2m X 8hgiiaSaenuaRnbiplRdfnas Rechdh ihhas8: BaMigngingkd dubiol N the art
to refer to adf‘amﬁ% of processor instruction set architectures whose
origins trac@BHERNPGOMKE hant en seeept Bralew pigh agalipgdiopenstduetios ubi qui ty
of the x86 iwsioutiat h@n&)rﬂgthé@rcﬁgibhﬂ&tidm that WHRT & 184u$ied LSngd ALGLAST 1N _
efficiently decodin cqoded audi o _hit stream on _a processor or processing
systemt ha%/ Yy 8525 finﬁélf"f"lf&‘feln%‘hh 1@?963éﬁé]ﬁﬁf/é%-émoélfngWHW%@%er

i npl ermrent at i leRs adped BOge ndraked Teldvatod Sestenvhi dngniath@nscpssanspeni fical |y

desi gned .f or _enbedded. pr cgﬁsgr . New. pro g)a?{ rs, such as AMT's CGeode and
the new LFn ¢ eﬁcw&e SE‘HI%IL%BIG Ql 0 _Le Lglﬁgl? «Zv_mb(?nt(ﬁ 98141_1(, l%mu, 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

systen.

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-



bit designs that use the x86 instruction set and that are being used in
smal | portabl e devices. BRI EF DESCRI PTI ON OF THE DRAW NGS 100051FI G 1
shows pseudocodefor instructions that, when executed, carry out a 5typical
AC- 3 decodwogoprmewss. 100061HOS. 2A-21) show, in sinpleickivgehibbgeds di agram
| ona, sone different decoder configurations that can advantageously use one
or nore common nodul es. [0007] FIG 3 shows a pseudocode and a sinplified

bl ock di agram of one enbodi nent of a front-end decode nodul e. 10 [0008] FI G
4 shows a si miplidsfehedadad @e k$cawudiagranmd o dheiRpesat sam phagne enbodi ment
of a front-end decode nodul e. 100091FI G SA shows pseudocode and a
sinmplified bi'8EK*di agram of one enmbodi ment of a back-end decode nodul e.

NOW FRG. 5B shows pseudocode and a si anlé’ini ed bl ock di agram of anot her
15enmbodi ment of a back- eRiiEePEGERHOONOF THERRAWINGS shows a sinplified

data flow giagramdf.or the operation. of one enbodinment of a back-end decode
nodul e. [0@%@?142{ (f]c71‘ %1%\85’ )Mg Oé(fdrerﬁ?@f)f edt g 3 df"?’% I(lj‘l’xéblﬁ%ilrﬁ ¥8""t'he operation
at anot heér etybodiehtlecofingpibask- end decode nodul e. 20 100131FIG 8 shows a

fl omchart of one enbodi ment of processing for a back-end decode
[0006] FIGS. 2A-2D show, in simplified block diagram lorm, some diflerent decoder

configurations that can advantageously use one or more common modules.

[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-cnd 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] I'IG. 6 shows a simplified data flow diagram for the operation of one embodiment

of a back-end decode module.

j0012] 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 [or 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.

R



nodul e such as the one shown in FIG 7. 10014]FIG 9 shows an exanple of
processing five blocks that includes dowm xing front 5.1 to 2.0 using an
enbodi ment of the present invention for the case of a non-overlap transform
t hat i ncl udaesxdowawszxi ng from5.1 to 2.0. 25 [0015] PEGpcts24&h0ms33anot her
exanpl e of processing |ive blocks that includes downm xing from5.1 to 2.0
using an enbodi ment of the present invention for the case of an overlapping
transform 100161FIG 11 shows a sinplified pseudocode for one enbodi nent
of time dopeiz dawomishgsa sid20bbLLO296+ BCh: USRQLA02833&[HR17I NG 12
shows a sinp[LLieﬁth ck diagram of one enmbodi ment of a processing system
t hat incIude?“%?”“%&%L‘ﬁﬂé”6?8%@%%6P°ﬁﬂdd?hﬁ?“E&Hmé$¥P@n%ﬂ¥hH@@BHfng,

i ncl udi ng onerade Mfues beat pees: igfentile present invention. DESCRI PTI ON OF
EXAMPLE EMBODI MENTS 5Cvervi ew [ 0018] Enbodi nents of the present invention
include a nethod, an appgsahusiioNOF ERSMPLENERBODIENGEe OF nore
conmput er -readabl e tangi bl e nediumto carry out actions. 100191Particul ar
enbodi nerst s Oweiviele a nmet hod of operating an audi o decoder to decode audio
data that includes encoded bl ocks of Nn channels of audio data to form

decoded 1080d o datbadinkalt of thepugasinkintiorchdnivelnslof, deppded, addig; | VP |, n
bei ng the nugReseqef oﬂe%"{llfnre%gﬂrlﬁlﬂ&%czﬁlf‘ﬂﬁlg GhSing B@ﬁiﬁﬁlt?cdn{} ()Blh‘ﬁtiﬁﬂp oded audio
data, and in being the nunber of |ow frequency effects channels in the

_deCOded aL{Qd)@ datl@rticﬂi!ﬁ%n%&ihn@%s Re zi m&Ro Q%E%Z{tlng gn Elﬂﬁo &g(gd‘lo 1« %-’&)ﬁe t hat
i ncl udes bloc&s of N.n channel's of enco é% audi o-data encoded y an
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,

BIl, 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



encodi ng net hod that includes transformng N.n channels of digital audio
data, and form ng and packi ng frequency domai n exponent. and manti ssa data;
and decodi ng the accepted audi o data. The decodi ng i ncl udes: unpacki ng and

decodi ng tWe Hieawency domai n exponent and manti ssa datgidafieiini Ng
transform coefficients fromthe unpacked and decoded frequency domain
exponent and manti ssa data; inverse transform ng the frequency donmain data
and applying further processing to determ ne 20 sanpled audio data; and

time domai [Oommmml%lngglaaﬁlu he@sd insI0a® i RhaGHs ool dalerdhngd sanpl ed
audi o data accordlng downm xi ng data for the case McN. At [east one of
}

A, 131, andagrepsof “tl\?‘h’é‘l’“t[“bﬂ‘?mAlno%é%‘fd)utlmctha‘ﬂ%bb%c'cf&“ﬁlgl hyhdoesdes

det erni ni ng klioskritye tbh@@dﬁm\/&ﬁh@ﬂnb@ran& thaBBPhYihod ddk§ RAVARCGK: AedrRi N downmi xi ng
or time domai n downm Xxi ng if it is determ ned for a 25particul ar bl ock

to apply freﬁﬂ%ﬁﬂvnﬁ@hﬂfﬁ”&ﬁ%ﬁPHW%¥ﬁQmj%bﬁﬂ$ﬂ%ﬁ“WFéﬂﬁéﬁEv%ﬂﬁﬁnln downni Xi ng
for the partideuifiad ol wakye joQ2klididibe bebfg. t hat the time domain downm Xxi ng
includes testing whether the downm xing data are changed from previously

used downnpodsng @alnlaum@moduntmgbﬁﬂgmmlltlapaahyamg:oﬁqaaslsremam B@rab® determ ne
cross-faded do n1X| Qﬂapnn1X|n% according to the

n
cross- f aded 36 %ﬁl8§@§1m§ﬁﬂ“wgﬁﬂﬁ§ﬁﬁhﬁéﬂk P8 R PO PIORESHDNE n
downmi xi ng a}om@smgngsmm ctuhethd pranetixg Jygudadi mlyamdludAQg audio data that

2011/102967 Pg{lcp§29cocjre[dqgoc§s g’i N1‘ qga%%%of AU 10 ta to un (hfocﬁ %uhl a{d 11C udes

i dentifying fahner ut channel s,
a non- cthr|mdu®ﬂgdmhammebOhEUﬂ@danmhahﬂeimmemuMmé£1mmmvnammnybute to the

Mn channel s, dﬁ@tg cﬁaﬁ@&tls ‘iﬂ% Jf{%%lh?ﬂid%oﬁﬁ ﬂxﬁtm lg;%{&rl%(% 1b°1 LS rﬁeﬁlt““r%ﬂsz ﬁrem "

the frequency donain processi
identified dﬁ@c@ﬁhdﬁml‘emrﬁ%mk@dnﬂl wdbuhldnylbclhmdmeIlrs»uu({@mqlﬁ!hrt i cul ar

enmbodi ment s @f ki iV QR uleD 1 MAR B0 FOIP WIS at-8RH 2R e ShRkagey fredi um

storing decodlng i nstructions that when executed@ﬁg one Or nore processors
of a processiMAYCEYStisafcdandie diinencpicd e guinsedingaetacd. the ceding meiied decodi ng

audi o dafsa tlhahdlhgwnudﬁﬁn%maﬂ@ﬁmbbp&,{ﬁ&l RlaicNan, shannelSin@haciagdi 0 data to

form decoded audi o data t
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 exccuted 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 (o apply
[requency domain downimixing 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 [rom previously used downmixing data, and, il changed,



10i ncl udes NI . m channel s of decoded audi o, M1, n being the nunber of | ow
frequency effects channels in the encoded audio data, and in being the
nunber of | ow frequency effects channels in the decoded audi o data. The
decodi ng | mstzuptoewns i ncl ude: instructions that when exeaghadonsisse
accepting the audio data that includes blocks of N n channels of encoded
audi o data encoded by an encodi ng net hod, the encodi ng nmet hod 15i ncl udi ng
transforming N.n channels of digital audio data, and form ng and packi ng
frequency doamiyingxeenen anderamdticssRAddafodnmang daRShd @6 dong t hat when
executed cause decoding the @ggegngg audio data;lTh$ i nstructions that when
execut ed cau %“H%@Bﬁﬁﬁ% {78 &7 QagosiRL Foupiang dpthapd T RpdarsssditiiEd cause
unpacki ng andmeeandi agvinhand fceguianeyhdomminikigx@aneat and manti ssa dat a;
instructions that when executed cause determ ning 20transform coefficients
fromthe uopsstked 2arthedec odadiridieguURn éYela BRI cBXPORSMhe Alididrant i ssa dat a;
instructupns.ghqt when execut ed gause‘inv&rﬁﬁl%éansf%pnipg'the frequency
domai n data SRETEPRYYICAGORIPEREIIF B deaiehgt iy Nk rgyiPrac s adpied audi o
dat a; and i ngipibotingmgniehi@ing awhemncleie dut ed coatibee asipavihathanRy, inll VKN and

i nstructions,that It cayse tine domain downini xing at | east sone
bl ocks of thg&ﬂgi%&ﬁ?ﬁ%ﬁgggﬁ%ﬁgﬁaggzﬁ %3503“]qg%%%WHFﬁam?%Pddﬂﬁﬁixina dat a
if McN. At | dasgeprhdmelugher AcesBRg omthe o2 niog: itlentiécd fc@@2dliARInphangrlt hat t he
instructions that when executed cause decoding include instructions that
when execupedf] cadssicdet @rbilinientg inbludcida dpparighoiokprodestitpaudiv datappleyodtr equency
domai n d]Q)Wn Mg LAE ‘(]i)drta tHlLi ILngné%thc&jng(ﬁ(NQngrﬁl&g of ﬁﬁ;[();d%l&tl(! O t hat Wnen
execut ed cause applying tfrequency donmain dowmxing 1f it I's determ ned for
a parti cul ardgobidoedko taa Gpphyudes Mou elroyelsdd dedodedrodinniix 1, mdgeind 00251132 bei ng
that the ti mg,dRPg L, g@é{ﬂ@hd}/‘%&&ﬂ&\ﬂﬁlﬁﬁ@é eljic_%&;d' aﬂ@iomgtaﬁ(?ﬁlc?téilﬂg hgownm X1 ng
data are changed from previously used downm xi ng data, and, % changed,
appl yi ng m seubseeie fiedugeyefingthehapeclids e deededdodiadiia he appatarsand ti ne
domai N downniokipRg:sa6EAL b AQedie iR Qu&s A8 S mhanash- AT LI NGnAatiger and i f
unchanged, directly tinme domain downm xi ng according to the downm xi ng
data, and [0U¥erHaiHyIthacode 8y phereding Pabrs hRstcoipepebabigtirdier cause

decodi ng i ncirud@rBihg8tdhinhtBgr QR Al TMEaRIBmE Ul bRk Agehannel s of the
N.ia input c?annejsé)a,nﬁni-_qqurjbut{ng‘ghannel bei ng a channel that.
does not conf¥PHUTROTE" PRERHP? CHaMierens Rhdreodiza 0t eeidrHda ddbdae not
ctu-ry out |nvdessedédoaing fnolsdsngednheyr HxRQUANEY ddemL hedalRn@n@ulie appl yi ng
further processing gn the one or nore identified non-contributing channels.
[0027]Particﬁ?&‘nﬁwg8HPW§ﬁ&§“Pﬁ@FﬁH@Lﬁﬂmﬁﬁ%ﬁfﬁ(ﬂ§°@6?“ﬁ¥65@% fng audio data

to decodm 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



10t he audi o data that: includes encoded bl ocks of N.n channels of audio
data to form decoded audi o data that includes Mn channels of decoded audi o,
M, n being the nunber of |ow frequency effects channels in the encoded
audi o dat awoamdi/medsei ng t he nunber of | ow frequency ef fpeetis2aengsl s in the
decoded audi o data. The apparatus conprises: neans for accepting the audio
data that includes blocks of N.n channels of 15encoded audi o data encoded
by an encodi ng nmet hod, the encodi ng nethod including transform ng Nm
channel s of domgiid erﬁﬂﬂhgpadi@ﬂlag el bRITden govaitl xipacdu, gl if .egugegy donmai n
exponent and gimant dat a %, means for dec dlﬂ% t he eeeg%ed audi o dat a.
The means fof 'Ge 3)N% mﬁﬁ@ﬁﬁﬁe WIHELIE SCOFPnS fR Bl dR W@“&ﬁ Apd8Ydi ng t he
frequenc nt and manti ssa dat a; ans for determning

tr aﬂsf or ?/n [ggig)?f i &f eﬁtn@? 4 B RPRE WS 6“3%&%%8&%@5“@@%%81 PPEdtncy domai n
exponent andumanmnmmdﬂtsax tleBI&ﬂSpoL Oll’cinhdm(&h&ecdnﬁ E}ﬂ@%thnElg)cﬁ@Q fr lque nCé
domai n data further cessin eterm ne sanpl ed audi o
data; an meglﬁlgn glf“ *Fl' b “&I%Wh’i%kfﬂﬁdét‘m @é‘é’f“ DEHEHIGERY of the
deternined sam@kednamdhmnﬁ@hmgamﬂeﬁﬁmmgdmmuﬂmmnﬂmmun@mﬁagamh&r t he ease
IVI<N At @%%,ssu?n% Lﬁ)(, one%f mdle?fdenﬁhe% n% conchuttm Smnne?s [0028] A3 bei ng t hat

t he neans fo S neans te%n1n|ng bl ock by bl ock

whet her t El y Ija{uucﬁgl en} )dunerrﬂa mclugeoc\t/r\p cLlr;T)]hﬁccllLusglm owssmg atu%g%%ggﬁovmm xi ng,

- and neans requenc XNy s for applying
frequency dowemﬁbdbmﬂnmwbmgemp¢Mwu@gdﬁaeqﬂenﬁymﬂonuhmadomnmmhwmng for the

particul & qu{% Ic(h :lflds &t dL&)dgﬁhﬁlon}Agggng? glllsﬁb%qﬂé ﬁu%ﬂ)luatff l(ﬁlll R& iﬁet 0 apply

frequency donmai n downni XiI n ans for tinme
domai n domnnﬂ%*%gm@aﬂ$meeﬂwﬂ¥k@eﬁﬂnhq MﬁewﬁEhlﬁhegdemmnMXpﬂngata are

changed fr onh&{uewy@u@dmmeg lﬂﬁmm)&h 'agd@étm mélgﬁiélaeuh %g@&elqedné lies

cross-fading to determ ne cross-fa downm xi n omai n
downni xi ng aétﬁWﬂ%ﬁ@dW83¢ﬁeheWb§§Vﬂ&Hé@mﬂémﬂﬁm%ﬂﬁbﬂﬁévhmCaﬁﬁﬁﬂwa@nchanged

directly applic&sngd ihéBodd®BBIBaidOMBRbXENGriGRE hdioRFint Q. tdifndQWAb Ng dat a,
and 100301C3 belng t hat the a& paratus includes nmeans for identifying one or
tl 1

more non™® cohtPiBitT haRKratARIRat iprerse Haoskpumingped fueh minspssing gan recover

non-cont r i butimhd@nehasanmgles bﬁlh(mgdlﬁmﬁglé}aﬁmﬂh ‘minahd flerss Mueepbihdiput e to the
Mm channel s, and t hat the tus d1§5 not carry out_ inverse transformng

t he frequendﬁmﬂﬁﬂﬁw “Hﬁ%%ﬁ @“Hﬁﬁi Pﬁ&”ﬁ&%ﬁﬂeﬁ“%Wﬁ%%@@@ﬁ@wgﬁ the one or
nor e i denti fdeadimepemearihd lnbmtslnftgldcdﬂaﬂllaﬁﬂﬁd opftid31d: erﬁdeng Gletadia RIMRQMS MENL S
include an atpd%smrﬁtpy(—fnofisg IiJl(Jp &91%5,%%(‘1 mgcms lIl(n (1900q1ng 611@ accaeit)tcd audio data. The
20 means for decoding comprises: one or more means for front-end decoding and one or
more means for back-end decoding. The means for front-end decoding includes means for
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
transtorm coeflicients 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 1o
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:

6



includes N.n channels of encoded audio data to form decoded audi o data that
i ncl udes 10Mn channel s of decoded audio, M:l, n=0 (Jr 1 being the nunber of
| ow frequency effects channels in the encoded audio data, and n=0 or 1
bei ng t he wardoerioeds7| ow frequency effects channel s in tehedeaoossssaudi o
data. The apparatus conprises: means for accepting the audi o data that

i ncludes N.n channel s of encoded audi o data encoded by an encodi ng net hod,

t he encodi ng net hod conprising transformng N.n channels of digital 15audio
data in a [oegEper suehgtihaihe YRISatly @&astoning ﬂ@luwﬂedfn]%lf(i h@élllﬂﬁﬁ)égessi Eg can
recover time_d asi.ng errors orm ng and packi ng
frequency do%%ﬁﬁ%ﬁmﬁgﬂgﬁ¥“é%ﬂmhﬁﬁﬂ9§%§dﬁﬁf%‘“%Hﬂ“?%@ﬁ?ﬁébgﬁ' packi ng

net adat a relahednhm;hhﬁn&meQMaﬁmymﬁ@nmmmy&Mmﬁmﬁﬂmmﬁﬂ@;ﬂﬁﬁWm&Saldata t he

o ocess ngr - A kMR I DR BOR B LI TR Q0 B R R Boneans 1or
decodlngftonpnmwé&bmdneu@nkmnnmuhEamsummhlMpﬂnba@mﬂnd@amaﬂmgmand one or
nore means f&ﬁw@ﬁ?k end decodi ng. The neans for front-end decodi ng incl udes
means for unpac d’the net adata, for unpacklng and for decodlng the
(reauency, defF " (BR800, TR0 2SR R B0 TERLR L RRRIGENS
unpacked andmdé@mnedm£ﬂequed@ygddﬁaimb@%pbﬂ@nhbanmmz&m@nnmSSa data; for
inverse trang; 19@(&'31 Jﬂghets hl%ssf ﬁ’ﬂé’%ﬂ&%llﬁ‘}{M) 1%@5 aowrfng%l ?RRJt ?ﬂdqgn M ndowi ng and
over | ap- add operations to determ ne sanp audi o da or applying any

r equi r ed'% r affdaEndowsREd reoicewdipg @d@s%?%@dddémﬂn?gnsa@é@ﬁm ihgpchangehe net adat a

related to tga0s plicshhe: a@fﬂh@%@ﬁl%ﬁ@%&a&gmng@M%mﬁ& afl@nRi n downmi xi ng
according to downm xi ng data, e downm xi ng configured to tine domain

downmi x at[OOdél?as tC4%QH§ (13PRL @%KI%MQ;D@QI&SQ‘D&HSQQ{ Hénnig/uhgoongg\’m&@ 'néﬂ ng data in

t he case McN. one
2011/ 102967P@FP{98‘2‘@}M@2135§@ N@G@l} pangeds et deatibetng chamagideimpr back end

decodi ng i nclpiR MBS foPondBhENIhRME RInRgkK JRY LllQlﬂ%Keamq@P hek ef0 apply
frequenc%ﬁdonaln downm xi ng or time domai n downm xi ng, and neans for

appl yi ng ré&ﬁ@h%V*HbWﬁFHUHHMHW¥%WH@“mPWé‘WE%%@“F&H“&E@PV@ﬁﬁ‘$¥equency
donai n down mpmyng fagiet pb@gsifd RALENEYr ﬁl@nmeﬂtlfdﬂ%m%ﬁﬂﬁltlfxg)&haﬂlj@ﬁ Sparti cul ar
block if it is determined for a particular block to apply frequency domain

[0035] Particular embodiments include a system (o 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, 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 [requency domain exponent and mantissa data; inverse transform the [requency
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

downmixing data for the case M<N. At least one of A5, B5, and C5 is true:



downmi xi ng, [0033] 134 being that the neans for tinme domain dowmxiiig
carries out testing whether the downm xi ng data are changed from previously
used downm xi ng data, and, if changed, applies cross-fading to determ ne

cr oss-f adewodwwmmeyeiing data and tine 10domai n downm xi gTaseQl/0Hsg to the
cross-faded downm xi ng data, and if unchanged, directly applies tinme domain
downi ni xi ng according to the downm xi ng data, and 10034] C4 being that the
apparatus includes neans for identifying one or nore non- contributing
channel s opoiche MIbeingphut thelanniad sicludesnionnaming blobiyi gk ohanaed afpgi ng a
channel that . does. the nmeans for

t to the
back end 15decbamﬁggﬁm'gowmwxm501mn%%?mghv @5M%T§H§¥2Fg¥%ﬂn?ﬁémfrequency
donmai n dat a ammmwhémapphmﬂmgL¢nmwhbmmpn@@mmstngmmghemmm@cbnmmnre

identified ngon- i el s. [0035] Particul ar enbodi ments incl ude
a systemto Qggggﬂh%ﬁg#%pdgfgnigm’ includes Nil channels at' encoded audio

dat ato fﬂb?@ﬂecng)%lﬂg“ k&le gllln)ﬁaOllldll% 5( anu_fm%msludus [bslllfgf\@%ﬁ > Of deCOded

audi o, uenc $"®hannel's in the
20encoded audnomdan@@ﬂ@ﬂddmnmﬁéwngnwhmﬂmunﬂ@owmhmh@mmmnmquemmm%effects

channel s in d{}}%ﬂ%%?()qg Et%ng lr,l(gb(bcuq%t* & ()ss-rig(?udsd%gm% LXH%gOlEILPi rdh(? Gi%e dopiifn OF nore

processors; stora remc Oone Of NOre processors.
't he systen1ﬂ%ﬂﬁ@m@&@&@ﬂmghehaud$dMEéﬂ@wmmamgﬂnmhaﬁésmbmmg&gheﬂyN.n

channel s of ﬁﬂ&%@i@lngh]@mﬁjé%@mgiﬂg%qﬁddo%n%?ngecﬂglog{dng method, the encoding

met hod i ncluding transformng Na Channel s digital audio data 25and

form ng ﬁﬂdod%?ck'd%@x,mgﬂﬁPﬁ%Uﬁ%mQ@H@ih&Lsgiaﬂ pﬂpt)n@(n " M%aﬂbmga, and

further to decode the accepted audio ncl u |ng unpack and decode
t he frequenc?“ﬂ@ﬁﬁ?H“@%b@ﬁ@ﬁ?“@ﬁﬁWﬂﬁ%ﬂﬁ@éﬁU@%@%mwﬂﬁm@ﬂwﬁﬁ@dﬂWﬁd@%orn1

coef fi ci ent spdi tamitubgo %Mﬁkﬁ%n@l@dm@l%aﬂ&&hﬁ&&m&mm@%%%&x ponent and
manti ssa data; |nverse transformthe frequency domai n ‘data and apply

further proc%???ﬂﬂ“%@LHé$é?ﬁfﬁ%m@§ﬂﬁP%Hhaﬂﬂb6¥d5W%lP@ﬁﬂ“ﬁﬂ%%h%@ﬁéhaln

downmi x at | @astdesomsa nbh-asHsoulhy dHagmedet er mi ned sanpl ed audi o data according
to

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 (o 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 {requency 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, Ad or A5 is true, and wherein the
transforming in the encoding method uses an overlapped-transform and the (urther
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



downm xi ng data for the case MKN. At |east one of A5,135, and CSis true:
WO 2011/ 102967PCT/ US2011/ 023533 f0036] AS bei ng that the decodi ng i ncl udes
determ ni ng bl ock by bl ock whether to apply frequency donmai n downm xi ng or
ti me domai wodovmmkosyng, and if it is determned for a pafrtussub/erssBl ock to
apply frequency domai n downm xi ng, applying frequency domai n downmi xi ng for
the particular block, 5 [0037]135 being that the tinme domai n downi ni xi ng

i ncl udes testing whether the downm xi ng data are changed from previously

used downni Xidvehndah@anddifthe dbknGRARGE e APRIY bR #4:053nkadhng to determ ne
cross-faded downni xing data and tine donaln‘ggynnlen according to the
cross-faded dOWHH'SY ﬁg"lﬂﬁ% e demgin dopv i QH LY M RSR £ PSPUES- e domai n

downmi xi ng a&ﬁmﬁﬂhmgeﬂﬂamhﬁﬂﬂemmﬂBka@mdakﬂwoﬁﬂdmiﬁvﬁﬁ@ﬁ8¢ﬁ§k&ﬁ%ﬂml;haL t he
met hod i ncl udes. identif.yin e or. more non-contributing channel s of the
Nn s nput oo AR 0B PR RS SRS s PRt doos

not contﬁibumdumsﬂmhaﬁmhgﬂhamnehsgﬁmnd[mhamsmhecmmwhﬁdmdmgstmm carry out
lnverse tr an&?(]‘vg J&ig ) aﬁ(h’? th]ta ng\gﬂﬁglg% %0??@1@10%9%%@ka@gb% EI;?C U%Hg/l g further

processi ng on the e or nore | non-contri ng-c annel§. 15
[ 0039] i n songownariknpmeesting e peygta toektididicntithan it the daowmephethr tudi o dat a

are in the fB£ﬂ&g&mﬂkgﬁgﬁﬁ%ﬁggkggyﬁkﬁgﬁﬁbg&ﬁﬁy ed data, and the storage

subsystemis configure uct1 ons that "when executed by one or nore

of t he pr C{E BOI‘ g %)ﬁne%ﬂ%ocﬂﬁﬁﬁg &%h?cgl IﬁYEE%)f@ Bg g‘lulﬁglsggec 991%32@9()11% Q§6 accept ed
audi o dat a. 04 ?'one versions of the system enbodirent 1ncl'ude one or
nmor e sub¥yst EpgshitusErvdoginstuginkednoiidas dremeingwnile [nsinkiioreadhple dbsy st em
el uding atek&dsks 998 BhPEASSALior hODAKL Mg AR, EARRM IRAS, D whi ch A
A2, A3, Ad or AS is true, the determning ether to agg y frequency domain
downmi xi ng OFCYHEINAHARFAOT SRR gt lecae Pudid shegae ermdrp mGrgodefsorshere i s any
t ransi ent gre-noise processing, and determning if any of the N channels
have a di flP@Abnt Ibiosrienbydpestevidiatl. E2-daquehenCio e n=Howmat sichg i s
appl i ed 250nh¥ ifRFse aldf@Gie bRALPRAS rher S8R LCH EXRE dulod eI channel's,
no transi ent pro-noise , . o
15 fréequency effect channel. Furthermore, in some embodiments in which C is true, 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. 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 dB3 below that of the other
channel. For some cases, a channel has an insignilicant amount of content relative (o
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 (o one of the
set of standards consisting of the AC-3 standard, the B-AC-3 standard, a standard
30 backwards compatible with the E-AC-3 standard, the MPEG-2 AAC standard, and the
HE-AAC standard.



processing, and MKN. [0042]In sone enbodi nents in which A, A2, A3, A4 or
AS is true, and wherein the transformng in the encoding nethod uses an
over | apped-transform and the further processing includes applying w ndow ng
and over | aproadéi/eperati ons to determ ne 30sanpl ed audi @c@alsavii/lizyszappl yi ng
frequency domai n downm xing for the particular block includes determning
if downm xing for the previous block was by tine domain downtinxing and,

if the downm xing for the previous block was by time donmai n downm Xi ng,

appl yi ng tjooas) domRkdheCh®ammiex BAnE ANerdONRNI hdSniil} iR 1R SRYR hiciBd domai n) to
the data of the previous block that is to be overl apped mntﬁ t he decoded

data of the P4t %ﬁ%@P“bT%%@“ndﬁﬁmfPP?”&H&%VW&d“ﬁpﬁﬁma@Wéﬂﬁ“ﬁbﬂﬁnlX|ng for
a particul aradalowekp-28d bpediveas ddeherdumnpagaddfo dawnm xi ng for the previous
bl ock was by frequency domai n downm xi ng, and if the downm xing for the

previ ous bberk wassde efnﬂﬁﬂl hheﬁlC Y (HORBEnR 06l MRAEOYINA Ghe BN OCRASI 10191115&@(1
particul ar bl ock dlfﬂe e Y ghﬂn if the downm xing for the previ ous bl ock
was not by fPEGUeREY ”H(H' HP&WﬁﬁomFﬁﬁﬁ§TV%a%ﬁﬁ@“@ﬁﬂﬂﬂﬂﬂents in which
BE 132, 113, mB4dafopB&allg idcruli@g n@tadiie asicd oneanki8i pﬂ@lﬂﬁ&@ﬁpﬁfz&@ﬂhg bl wsed whose
instruction §Et |ncludes stream ng single instruction nultiple data

ext ensi ons ( r|S|ng vect or |nstruct|ons and the tinme domain
dommnixing ) flu es runnln%>vector ctions on at |east gne of the one

b} 0

or nmore X oc e duigylar cpg TiPHYE@ @ U RSOl BEsGiRPedls, Bptres o 3, ¢4

or CSistr u&,admfﬁﬂdganuumam uﬁbtﬁlliln&nhﬁhaylpﬁﬂb&]’c%ﬂc binadrs biagrk g andurappl yi ng
L e B O Sl 8 S hior SRR R O LA O L SIURAEN i BhL 86
dat a t hat |nh@ud@§@®n@dd@deh@@KSdmm@hudes information that defines the
downm xi ng, and wherein the identifying one or nore non-contributing
channel s usepetdting ahenbedédsirédiat defines the downm xi ng. Furthernore, in
sone enbodi ments in which Cis true, the identifying one or nore

non- cont r i B9 ng Lethadinents off the pent inveoliundesdesdidat fof gicngn20viivebdnbrs one or

nore channel §ccﬁ‘ )€ & 01'(11’?@ 'tcgtm f:!(tglﬁﬂ@ A@ (lrl]mAC 93( steﬁﬁﬂﬁ ‘?&I cod&i ]ﬁ&hcaﬁl tlﬁ)«, one or

more ot her channels, wherein a channel as an 1 nsignificant anount of
content'Wela%f%b3W@i%ﬁeﬂﬁéﬁcéﬁﬁwﬁ%ﬂs¢¢d%@é*@ﬁé?@?Hb%¢@%§éﬂ@@@$®@vel is at

| east 15 dB Hel-awcbhatucefmd harethenianataelconlprds@6n SMBGABES - & Channel
has an insignificant amount of content relative to another channel if its

energy or ab¥olRsvisiop ByRpeupenty/SHsdd fung SOBreHEN g\ Perarb S L0 it her 25

channel , whi Werid snidcolbes: @@apleieal kR dodu LRl shasan shinabghirf i cant
amount. of conten ative to ang nnel i f its energy or absolute

level is at $@%§tbﬁ5‘@gbﬁgFBW“NHatNBf”ﬁﬁéﬁd¥%§%mt%bﬁHEWV“FBEEBYWﬁ’sone
enbodi ment s i he lencodedc@ugiadigaha car@ecincoded, aaeol di nglitoane of the

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,
Lo 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 (o 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 IHE-AAC incorporating some additional, compatible

improvements is also known as DOLBY ® PULSE. These are trademarks of Dolby

10



set of standards consisting of the AC-3 standard, the 11-AC-3 standard, a
st andard 30backwards conpatible with the ii-AC 3 standard, the MPE6-2 AAC
standard, and the 14E- AAC standard. WO 2011/102967PCT/ US2011/ 023533

[ 0046) | n sowepiened nents of the invention, the transfpepsngiinsizhe
encodi ng nmet hod uses an overl apped-transform and the further processing
i ncl udes applying wi ndowi ng and overl ap-add operations to determ ne,
sanpl ed audi o data. [0047]1n sonic enbodi nents of the invention, the

encodi ng net hodratdiied Lid@sink 0oFoRGoRNE aRaGK (H%JBI?&&Q atvanlon] Al gy bo the

frequency domai n _exponent and. nt| s$ net adat a o t| onal |y
i ncﬂudl né rre‘t“élatéi]t”g ‘E%‘Féﬁ ‘é‘a‘“t"B“E egf%d? (é)“i‘%?‘@ewﬁl? égé’s‘g‘ﬂﬁg udid to
downmi xi ng. {00481 Rawtdnaldyar errbodl rrents may provide all, sonme, or none of

t hese aspects, features, or advantages. Particul ar errbodi ments may
provi de one Ohe sB6necl@iediere aspects, features, 10or advantages, one or nore
of which may be readily apparent to a person skilled in the art fromthe
figures, SdB&HY i ptlhe e x&nid canaprsuierephbdy Dese davimpkihindreodediestorieam

[ 0049) | | mbodi,mRnbEp&fesdon sl BSERE 4 HAVQIL ms@&@éﬂ%%m@@l lthrnepl@@@d' ng
audi o that. has been coded according to the Extended AC-3 (E-AC 3) standard

to a coded bPPEtedhs argciicdas pen Rplanprated Hy rpeepsopdiog <s>tnawntar%eré1 ar e

descri bed i ngetgiik, AMDMWQE(@Q&DT el ﬁ'g@&lﬁ){&tt@ﬂﬁls g@([m&oﬁ@ﬁmplyrh
(ATS(1), "Digital Audio Conpression Standard (AC-3, E-A Revi si on B,

Docunment A/ 5'?11‘3y coppalpifiy “2@?0‘5“ S2rhdt ipsugctiog s¢t Owbmgp%%m%ﬂ Tofey Wor I d W de

Wb of the I(raalgrm(o) AL x¥WAGRE A iAlhi S RAL A DL @LSS PR AbESIR cRRRAG, ot Apdf
(where dot. enoted the perjod (".") in the actual Wb address). 'lhe

i nventi on, hB SV & BN ! (P“W e &gV erniHE s o g d encoded i n

E- AC 3, and IRy ado @upsd l'heﬁ]ditf@mamdle@lﬁgﬂﬁij’maﬁﬂgﬂsyﬁ@ﬁla desadMBD@s, biih@&ikeam
encoded acc0]|'(l:111|1xn ¢h0% & rlllqtdh C )l)gg nmet hod, and to nethods of such
decodi ng, appara 0Le i e dLEE” 'ystens that carry out such decoding, to

sof tware tg&% cut ed cause, one or re praocessors to carry out such
Gecod: ng, 10851 or 6T TR e FE o gR et d Tl R G S e SBP IR |
stored. 1Bor bxahbp Is@po%emtgd}dnmmm noflifiddatagSBSIRNhstiuove@nticarname al so
applicable t(%Sfj)egégldls qgm@fé%sﬁuugn 111u1t11)%%1a8?§1@413) instruction set extension to the

original x86 architecture introduced in 1999 in Intel’s Pentium I1I 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 (I.FE) channel denoted “.17 are provided for, that is, up to 5.1 channels

ol audio are provided for. Iach (rame 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 o convert time data (o [requency data.

11



coded according to the MPEG 2 AAC (I SOOI EC 1.3818-7) and MPEO- 4 Audi o

(I SO WC 14496-3) standards. the WPEG 4 Audi o standard i ncludes both Hi gh
Efficiency AAC version 1 (11 HAAC v1l) and Hi gh Efficiency AAC version 2

( HE- AAC v2vocoditwgye7referred to collectively as | | E- AMethgs@i/rssi30

[ 0050] AC-3 and E-AC-3 are also knowmn as DOLBY CD DI 3 TAL and DOLBY (r)
DA@! AL PLUS. A version of 11E-AAC incorporating sone additional,
conpati bl e inprovenents is also known as DOLBY PULSE. These are tradenarks

of Dol by joedsor at[QI‘tliuﬁﬁg,lhhﬁgﬂﬁjaglgA@riﬁﬁht a&iuwm (M@ 1@&3&9{1@%@51&@%&; esent
i nvention an S n jurisdictions -AC-3 is
conpati bl e m??ﬁ“%&?@“%ﬁ Jﬁ%@lﬁﬁé@ %H@ﬁﬂ?@h S“ﬂhﬁ%FP%WéPVPV*ﬁ¥H@1x86

archi tectur einslu{nag)@mpmmx@rmw&ﬁmha oﬁmﬂidyncﬂmdﬁlrs&tc@@dtha%yit@ﬂse havi ng
skill in thekajglto[r ler to p%éz g{ essor, Instruction set

ar chi t ect ur es " WRGSE " or gAY SP&% RENGPREDPREUR) BISTpIYe8SdY . The
ar chi t ectaur ethhagibé@emnd o & merbe dhai propdocessosror ddbct@npani es such as

Intel, Cyrix, AnD, VIA and nany others. In general, the termis understood
to i nply dowichar ywidompab Hibiné iutyix\l\hdidﬂblbche L3<21-1bj>1tschlﬂﬁgt%6lef‘mﬂm§1€st pedf the

Intel 80386 Qod&?ﬁ%g&hi d-lll-( (%{a H%ea(flo l{loucont S gh(, gloxk8 %{ g‘g‘(itsegt gl:;;gwl ?]g

ubi qui tous afmon ers
majority anomlcblemwensoramd Wuatkk(&tuatnactmetuSAlddam@essamﬁuuatshmﬁg safldwdr e

supports the,pl.at Lgﬁlmsuchrl d H%éﬂgg CQT%S rplgloayé %\g M, SUEH; ln%ﬁbsec M R0C5, W ndows,

Li nux, MD, Sol aris, As use ereln erm x86 neans

an x86 pirloceklgds. |nstruct|on set architecture 15t hat also supports a single
instruction nmultiple data (SIMD) instruction set extension (SSE). SSE is a

singl e ind0@artt i dwm apudrtal pixeladditd i BtMD)t hasidaidtei fomesBtis gt @lgs on to the

ori g nal X8O AL AMLAEKIS &ubdbh OBUERH oD scdBORrd: ] L8 S A8 Ace% H,H seri es

processors, commmon | architectures véndors. AC 3
and E- AG- 3 biot spiceaiige 20sppgeB11An AC3 bitstream of a nultl-channel audi o
signal is conposed of franes, representing a constant tine interval of 1536
pul se coddOPR$ uIé%@@ﬁqmﬁwwuehmﬁfégwoﬁSmmémaﬁdwoﬁéwgﬁémuacwmsgnalI coded

channel sy5 Upyti@ fish dﬁomg Por %ﬁmﬂnﬁs @(ﬂlqaogegto'f ona vloyalﬁl duQé/V)écsrc%Q(H&Qrﬁy effects
(1. 14E) channel denoted ". are provided for, up to 1 channel s

of audi o ar e"{igUR Heekst bys ““F“lé“dPF Fangivg Olﬁalgl“adtflﬂlit etﬂwgiez@l thwfﬁ%ﬂfbmpends only
on sanpl e raggh25end GRdaR et Rl 8nd audio data.

[0059] E-AC-3 allows for a significantly larger nuinber of channels than AC-3’s 5.1, in
particular, L-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 (o
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.



[0054] Briefly, AC-3 coding includes using an overl apped transformthe
nodi fi ed discrete cosine transform (MDCT) with a Kai ser Bessel derived
(KBD) wi ndow with 50% overlap to convert tinme data to frequency data. The
frequency datmianewsper ceptual |y coded to conpress the geatast@i/igem a
conpressed bitstream of frames that. 30each includes coded audi o data and
net adata. Each AC-3 franme is an i ndependent entity, sharing no data with
previ ous frames other than the transformoverlap inherent in the M) 71
used to coopeaft. AG-Rescdatadativdy EHoRqLAITGYn ﬁlatsalple A quantization to

2011/ 102967PCT/ US2011/ 023533 5 nni ng of ,each AC-3 frane are
the Si (Sync’ih ”luzl? I i ”ﬁﬁi ﬁg?‘ ‘%@ﬁt “‘8@%‘1‘“1%[2[?‘8&%({ PdR)Y%f el ds. The S
and BSI fi el uhspud@@ gl e rdsdiatidni mxmcrvetamaﬁmﬁmrgm@mbmmd donmL uidmm]gASBnpl e rate,

data rate, m%l rrgc?m%uq 1urr9¢g%€s b%b anng‘l gd h(l)m qxa? (%\3\? ?lo d(ﬂOW %1 alu) Ll’\}\gllg,ldgusg erel frane,

el enents. There a I ¢ redundancy
one at 5t5he Pdgiva rqlrttngauandnmeccampm%al wng,an frlhatved putt@mnﬂeo enpeanse of error

detection. [ Qeﬁt%w&ﬁ%hegﬂmm i O?J iauguﬁuﬂaé?{éﬁnurjh QGKSH oS %@{Lor epresenting

256 ECM sanpl es |lo chanhe e audi o ck contains
the bl ock swireehil Piiegen. spduisFliniye cdod dimanes;-n@spomening (TIHID. al | ocat i on
paraneters, and manti ssas. Data sharing is allowed within a frame, such
that. infdPedli onn pldeivanmt the pveBhpek tdnsivay MjeCy @usexdl‘titinlcslmbgetmwy 10bl ocks.

[0057] An opt JL@D@'A@W&SL@@E Q(Ia[)ﬁ\’%lhybﬁcﬁn %81% @\qll‘:’}tim snﬁoneigﬂdu&o sgﬁﬁs 1hame. Thi's
field all ows system designers rivate contr tatus

i nf or mati%n PHE dcludes tagM (Blwlﬁltth@amlﬁmrﬂgéﬁﬁwlémsw daived Ehdhrivesionn.
[ 0058] E- AC- 31095@&1ef0ya§uotnh@ sAﬁ;ls’% b aééz@nﬁrﬁ%&%&&ﬁl u%{héi&éféﬂ&f?&if ficient

transforns, 15 while also allow ng for "shorter franes conposed of one,
two, and ¢ hr wBlosg. %é%vﬁlﬂ‘@l"?élnltyp? Halfpsietronyity tpanam (MC T he dhdbhessddhe

transport ofa@bkqidcaugéDd%@un@t&fgu@@@tﬁﬁnéh/ﬁ@pﬁﬂ&hmp@m%a&bwﬁnAC 3 frame
i ncl udes netadata and audi o, data. 100591E-AC-3 allo fo nificantly

| ar ger nunbelUSPArY REFHSETILICE SRFFsQEtoPoavas the six ?’F%&éﬁ’ffl?‘&ftilué?SfOUEb k3 all ows for
t he car risageinofa shek laBKdu%fﬁLuﬁu@lbﬁd GarTmNn bIo@ldazyh indlghed REqUERS r20GasT | age of

at least 13. '11hisp Bﬁ@ﬂﬁl [S Lquuncy re Plglrlgn is Io?lqup)i nP 6- dunInléllE)rlildli sccrt’gil lqulclnﬁDd%[])l’? el audio
(VQ) and gain adaptive 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 cfficiency 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 [requency mono composite channel which reconstitutes the high-(requency
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] B-AC-3 also includes spectral extension. Spectral extension includes replacing

30 upper [requency 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 ol the transform coellicients, and also through
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sound tracks. The additional channels beyond 5.1 are obtai ned by
associating the main audio programbitstreamwth up to eight. additional
dependent substreans, all of which are nmultiplexed into one E-AC 3
bi t st ream wd diglozdsh ows t he main audi o programto conveyriseuidozsgshannel
format of AC-3, while the additional channel capacity conmes 25fromthe
dependent bitstreans. This neans that a 5.1-channel version and the various
conventi onal downm xes are always avail able and that matrix
subt r act i on- bindirged sipdl migeavmpdaat silane ualsiarid natee dediyndyRpecisie of a channel
substitution ,,g[n?ﬁgss. [ 0060] Mul ti pl e program support is also avail able

RN

t hrough the al y to carry seven nore i ndependent audi o streans,

each with i ble,associ at ed dependent substreans, to 30i ncrease the

channel ca[regi?%ige Léﬁ‘\é%é%cﬁ”(%? %g)r\’vahﬁqﬁ%l%gh"%@ﬁ% r‘ilé‘WH(gi Hhisis ggrpptional single

2011/ 102967 PARrhyS20 1 1i/c0 2358 Bi7 LI0GLIACYBclus @sended © batdpuahaed shaedel t r ansf or m

and sinple scal ar _quanti.zation, . to cept yal ode audio material. E-AC 3,

whil e corﬁ?at %@%‘g{%q}lﬁﬂ?ﬁfé-%g%h“gl?lob\?fugggﬁlidr?f%?l%%eljag(%pglé)&cﬁrLglf “b‘@ggﬁ@?"i’son, i mpr oved

quant i zat i onbiglasdnd prpssov édcls adicrpgeviddl tdn 1de MEBencg edintg Odfef icdingncy has been

i nor eased r omalat ONAGA 2R QWL AL, DS DERPH Gl gl use Sof | ower data
she Iter

;
d el .
rates. This is acconpli using an I nprov ank to convert tine

B ' i zati hanced channel
data to frigsaaenCy:damRLIL ga;n@(jug'hognﬁg%;é(ggﬁlg}ucglgfggf é@%{vgga {a%erg 1apeed ehan

coupl ing, spectral extension, a t ransi ent pre-noise
processi ng (TPRPLPre-1GOE2Lsne ddgribiddhrticobddve over | apped transform MDCT to
convert tine data to frequency data, E-AC-3 uses an adaptive hybrid
transforih (AMC3deyodingr st ationary audio signals. The 10Al -1 T includes the
MDCT with h{%&; overl appi ng. Kai ser Bessel derived ﬁKi 1)) w ndow, followed,
for stati dh&y siIQ‘HB‘FQ,A(ggld%og%t‘liﬂ%l&‘f“&f’_“ﬁlfso‘@l?“{ef‘éP Srotetharn ardecqier m of a
non- w ndowediachgic@uandn@ppesial ¥ssditlc, dich et 8asos uagldirnsdRE i (DCT) . The
AHT t hus adds ‘[@”sec‘ond stage DCT after the existing AC3 MDCT/ KED
filterbank wH&i &tilfi o with stationary characteristics is present to convert
t he six 23& efficient transformblocks 15into a single 1536-coefficient
hybrid tr Ossg rmAb‘I”BLéf%p\ﬁit?]ﬁ“ “ﬁ@?“é}é BV eqUuER) Y BaGRE EF 6F
15 synchronization word, and then confirming that the CRC error 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 LEE channel. The number of coded channcls 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 (o unpack each of the six audio blocks. In order o
minimize the memory requirements of the output pulse code modulated data (PCM)
bulfers, 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 arc 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 trans{orm.
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"I'his increased frequency resolution is conbined with 6-dinmensional vector
quantization (VQ and gain adaptive quantization (( iAQ to inprove the
coding efficiency for sonme signals, e.g., "hard to code" signals. VQis

used to ef higcioemiobysycode frequency bands requiring | owgrAGSHEAEERS, Wil e
GAQ provides greater efficiency when hi gher accuracy 20quanti zation is
requi red. 100631i nproved coding efficiency is also obtained through the use
of channel coupling with phase preservation. This nmethod expands on AC 3's

channel cqueti ng IR iUSid0ge@uRinghufb& SR LIFRNAHOERRSI L € channel
wi nch reconstitutes the high-frequency portion of cacti channel on
decodi ng. Th‘mﬁﬁﬂP??dﬁ“ﬂ?mgﬁ@?é“FﬁﬂﬁPWﬁPPﬁﬁwéﬁﬁ%§ﬁ$bﬁﬁﬂlm?S%%ﬁfWolIed
processi ng ofnpapedt shahncRMkdid dadeed Rf 0F NGLHRO i1B@Obiswrbdh, WAL t}@icﬁfﬁ}t, Hg&am
inproves the fidelity of this % cess_sp(Hbaéy{hewqpnphqqﬂ osite channel
can he extenﬁ%&“ﬁ%dvgﬂgr fﬁ@ﬁhg ALY B h (WSS ST BLS T Y ¥ b, Thi s
decr eases t hamghf Bot toded Handivadd proéwc adediragnadnibbhing, Macbeases t he codi ng

efficiency. 100641E- AC-3 al so.includes spectral extensiqn. Spectral _
ext ensi on iné%%lgéﬁ?%gFggﬁﬁﬁhﬁd%ﬁﬁgguf?8dﬁgﬁé§mPF56%?%@%&88%???cients with
| ower frequentye Bipettnahbg efmentisntdans] misgbe umbenoffl FEqupmeyampledar a

characteri st JOQ%I,SQ%‘BEQQ o&s,r 1§Q§(L1art f ﬂm? ?«?%g%@ rt}q?l{a%c Hi?; (Pnhﬁed fu{uge the original

t hrough spectr dul ation of the coeftficrents, and al so through

bl endi n a I s wiith . the translated | ower frequency
spectrar Selnr d Bl e e ERTRRERL Rp il ok Rty PRk E o e (D)
channel . 10Thi @:pus channadptoronahplsiimg- & odvagonishvnafx, e iiE elthn (et 12@mGdm)is ]
bandwi dt h, | S ed.to odu At l.evel, 5+10 (111 wit
espect to therPul T banan drh SHaREFEReHLERR o, Rus€ il TRt ) Voue
hi gh sound prldsdyreel| evel s to be provided for |ow frequency sounds. O her
codi ng standards, e.g., AC-3 and |1 E-AAC also include an optional TEE
channel . [[0086] AblGddhewaneldotade hifi guiestuetionyphoweemadivedoeal iottya at | ow dat a
rates is theyunsg A% 3 id.80Rd FRlesPr €-NOi se processing, described further

bel ow.

15 [0074] Input processing in AC-3 decoding typically begins when the decoder unpacks the
fixed audio block data, which is a collection of parameters and flags located at the
beginning of the audio block. This fixed data includes such items as block switch flags,
coupling information, exponents, and bit allocation parameters. The term "fixed data"
refers o 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 ficld 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 (0 253 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 arc unpacked, many known AC-3 decoders begin processing
cach coded channel. First, the exponents [or the given channel are unpacked (rom 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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10AC- 3 decoding [0067]In typical AC-3 decoder inplenentations, in order to
keep nmenory and decoder |atency requirenents as small as possible, each
AC-3 frane is decoded in a series of nested |oops. [0068]A list. step

est abl i shewdmamw2abi gnnment. ' 1bis involves finding thecdGsRi1/dBs33
synchroni zati on word, and then confirm ng that the CRC error detection
words indicate no errors. Once frame synchroni zation is found, the BSI data
are unpacked to determi ne inportant frame information such as the nunber of

coded chann eb[ﬁ:muaﬂ Qn®@fhert (ﬁb‘ﬁm@lﬂﬁfﬁa%ly ﬂlp@ﬁyon@ﬁs @hhalsER ﬁlh@lm&lnsfm]_h@ nunber of
coded channels is denoted N.n herein, nis the nunber of LIE
channel s, anﬁmW“FQ“{ﬂéﬂﬁﬁhﬁﬁﬁwﬁﬁmﬁﬁﬂHﬂéﬁﬂﬁHEW§““Fﬁk8dFr@ﬁWPVdﬂgéﬂ 20codi ng
standards, nasQ darredulis ark Ao xdduhonie, appb@ie: @RMmbes RS &g swhefuenin>1 [ 0069] The
next stop in q go) ng is to unpack each of the six audio blocks. In order
to minimze Phe RERSTY®requirenents of the output pul se code nodul ated data
P buf f e audlo bl ocks are un . At the end of
Sach bl oCKIBE i odt tH BRI RSITE S grEmRRS Srrg Bt et SE BRI Eopt ed £o
out put buffenm>aM%hmhméEMgbﬂﬂi1hH@Mh25ﬂhéfﬁﬂRDh]Mﬂaamh&hdwanmmdecoder

typically are double- or ci ffered for i nterrupt. access by
a dlgltal-togoﬁh 0y EORVErt e &ﬁ) %ﬂ%ﬁonﬁﬁgﬁﬁWh%”%‘ 3?8’1e”m d?o bl ock
processi ng nuyhbﬂmdwvm@ewwuﬂk@MNwmunsmwmcmssﬁ@@@gﬂbwmgmewgnmed,to here as

i nput and ou@pg&n Hﬁc%ﬁ'Q%h@mﬂRHE . RIAGEsRI ng includes all bitstream

unpacki ng an coded nanlpu ation. Qutput processing refers

Er anst or 1 PO 54 ATk B AR RSB a8 kb SRS At IS ERASE o s
made becauseat henhupdiyesenofic pailantisuvputsize Franmg Ingptissemeha babdriesdvorV
gener at ed bymﬁ:@ dﬁ%oﬁd%gaég% n qui,\@% bﬂﬁﬁgﬁg%{é \leé{esmt llacatugl?bﬂﬁ WBS& of i nput

mai n channel s, herein denot e enco Itstream wt
typical ly, bﬂvnﬁ6@C%@@é§§@r@WVtmﬂwnﬂﬂﬂBﬁwﬂééﬂbpﬂmwwhMWW&ﬂﬁ@mﬂa%decoder can

accept. a bi}skeant umatlﬂd(ﬁ@}ﬁ té@fﬂmeﬁ mblam st&&qﬁ %la@@@ﬁp ﬁlllosth@‘P%gxd produce an

arbitrary nunber M of tput. channels. In aeneral, the nunber of
out put clanniiisr 1§°Sﬂéﬁ@%% dwﬁ@r@ﬂﬁuwmélr/@lWth%cqlﬁwowhwor@fn i n

channel s, anghiinl Sy ! hGuRWHGs Rk il OUDPY L EHARMELSE barkiOhiveday’ s
appllcatlons | 11= 0 or 1. It may be possible to have n> | in the future.
processed, and all mantissas unpacked, any remaining locations in the MDC'T 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
appropriatc 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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100721Note that in the downi anxing, not all of the coded channels are

i ncluded in the 10out put channels. For exanple, in a 5.1 to stereo downm X,
the I TE channel information is usually discarded. Thus, in sone downm Xi na,
11=1 and ma@ 20thmbyers, there is no out put LFE channel . pt@QiéakbbGs331 shows
pseudocode 100 for instructions, that when executed, carry out a typical
AC- 3 decodi ng process. 15 [00741l nput processing in AC-3 decoding typically
begi ns when the decoder unpacks the fixed audio block data, which is a

col l ection of-y@asas®ugks and flags | ocated at the beginning of the audio

bl ock. This fixed data includes such itens as bl ock switch Bags, coupling
infornatidﬁmﬂéxpdhewﬂkruﬂmdmbhw0@h¢meanMmnnmaﬁaﬂmkenmﬂmmhéqieMng&ﬂixed

data" refers cul:dg) Jcb&hj nglhohp %Idlot (ﬁ& (MR {ngluﬁészc e1‘1b111 o dctng'lg lel E dﬁuﬁﬁsacm el enent s

are known a priori, herefore a varia ecodl ng process is
not reqU|red”#@kﬂéHBVé#d§&eﬁnbV%h%H#§NRQGEV®IW%éGéxﬁbhemw@ﬂﬁnﬁedﬁp t he

si ngl e | & gegtiohl @cdhcl Budid@ud hxedidaia of 88hRN of dSolidiEYaibNEh Ude nfil()l
exponents fron1each coded channel. Depending on the coding node, in AC3,

there may be“as¥ ?1ésl6Hé”éxﬁ%ﬁ%%¥“péwmﬁhﬁfﬁé%&ﬂMﬂﬂ?%PQEQFnant|ssas per

channel . Rat hiffnd. &N HoRAGKIRhhiefy, MBRSEII@XRAPARIS. to | ocal nmenory, many
decoder 25i npl enentati ons save pointers io the exponent fields, and unpack

them as t heysopr e m@ﬁﬂmda u@m&sqa@ﬁn lihcafuai® dhi 0B inbIORL &l (NG GckRe fixed data
are unpacked, nmany known AC-3 decoders begi n processi ng each coded channel.

First, the esebis%ﬁf%w g “P‘%‘Pé‘%ﬂ/%‘h“&fﬁ‘&ﬁ%@ﬂh%éguﬁbﬁb‘?{‘eﬂ“%%‘iﬁqdh@ﬁ nput

Rame. A hit ablhogathsoimaalusivy af venaph&l-trdnedrh Waiheakls &51 natd aruprdia, Whi ch t akes
t he 30exponepnts. and bit %llocatlon aranetens and uth the word sizes
for each pac&@ﬁm%ﬁWﬁW%@ﬁgl%ﬁﬂkﬁﬂﬂ?T SREH @I Rl §f 1&%1Pymﬁ%ﬁ§cked from
t he i nput frﬁmhngﬁh@dmammuﬂ&ﬂﬁeﬂ&ﬁcﬁ@abﬁdnLQXﬁmmvmﬂﬁnﬂﬂ@HQQMkﬁte dynam ¢
range contr ol operat|qlw
denonnal i zectlufi)(ﬂudt(ﬁ)lmmdﬂb'mﬁﬂmé muf_xh‘atd L]d?eql[{pthanm%\l} Ié”?ﬂ’éﬁ%?%% rhér’éyconput ed
t o det er m neapf-eCevarcddup-adicbddat a, data in what is called the "w ndow
domain, "

15 [0083] Some embodiments described herein are designed to accept encoded audio data

encoded according to the I-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 [requency 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) ex(ensions
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and the results are downinixed into the appropriate downm x buffers for
subsequent out put processing. 5 NOMn sone inplenentations, the exponents
for the individual channel are unpacked into a 256-sanple |ong buffer,

cal | ed t hewaBCdl/f er." These exponents am t hen grouped/isnil0/0z:BS33TANY as
50 bands for bit allocation purposes. The nunber of exponents in each band
i ncreases toward higher audio frequencies, roughly followng a | ogarithmc
di vi sion that nodels psychoacoustic critical bands. 10 10078] For each of
these bit al (statisowibanadsiydibhecexponends. @rcthkitbodahbog aiidonnpanamet ers are

Thase wor é"s%?féﬁ&a}ﬁn%v%nd@ui’honzan DR 91”%?%&@8&%? errtn the

w dest bit ocation b of 24 freq i ns t wor d
ORI e A T A e o N A
i nput franme ambb, ;wﬂmhedgu he placedibae kariintned inhendardodpbadidne rhat chhes e

mant i Ssase?‘r %ppsfw(iimﬁt(, ey mgénj;) «,r rﬁ?‘st Inéﬁtkd lllgl{, tﬂ]d{l Hl(l:c(()/rﬁ ﬁfﬁgbﬂg g‘leXponent and

witten |n-p After all bands
have been pr oudgsathiiomni ta ddscrmmnc@@égmumda@kédodlaglyhordemlngnsng | ocations in

the MDCT buf Ee‘fz‘rﬁtlcﬁ{@m'i(ycps'cp(ﬁlho}{t Ml {,ctog«p(l Wl)t) Qpe%gﬁloﬁ)s and[ 00%0?%%@%&?? £

transformlsbp f or ned, ) ornmed in-placé I n
The out put of 'ED‘?I‘@“&‘FQ?@G%’S’Y‘HQ" d‘tlfh]éd L Tt mdrﬂbdaltvapbl@am intlehinge dovvnm

xcd into theulﬂﬁ@&@go‘ﬁlll@&&nhq?%(ﬁl@ﬁc%/ (IQHB&%{([%H@{FQHHIQ(&nﬂ&dQIQa dewnmonrRAr anet ers,
determ ned accord ag to nmetadata, e. gﬁ fetched from pre-defined data

accor di n§ t o/ Mret Adata:3 Do pRRaclicd s despdse Ssaienry dogiaia sonet el and t he

downm x buf f grgishame thagnrimd, by Genehad @éol%patlﬁng/\mmmx @MRLNRl ownm xed
data, the de Odﬁ: can performthe out put rocessin For each out put

channel , a dStkATH SPCBUP Sicludndetsringninggyt r‘hééﬁ%%ﬁ%ﬁ“i‘?@“%gﬁﬁ’ﬁ%”‘l‘%‘ﬁ’@“‘ﬁ&lf bl ock
del ay buffer thaltlauVMuﬂ:dG)M&ﬁi(n&ﬁdeiﬁﬁmmt Bﬁﬂylﬁg)wmﬂ@ﬁiﬂgﬁldzf)ﬁlaﬁw Spétpuis, sanpl es.

In a hardware_sound s i ncl] udes ¢ co er one or nore DACs,

t hese sanpl e®®, Iég“inéﬁb”ﬂa‘é"dl ”taBS“t”I"nB“’ﬁﬂ'(’“ ?“d“% g é‘B‘ﬂl‘/‘éHd‘E"ﬁ“’tlﬂég out put

buf f er. ©Onceintthi @sd Berd aadswehaliput ofianhdiethatoswaed chabidfsfieie bisutdnen copied to its
correspondi ng delay buffer, 30providing the 50% overlap information
necessary [bos7] pr sk cme@mnaﬁ«umw peRerinvtNBn ReXile atdhRebk@gdhle sidrebC- 3

decodi ng 1001811 Fia}rtt lxcu1lnsu trons € qlat wh Ipxtcs glf d L hgn %I; Iel]%lentl()(,l Srg(\)llggitcll on include a
uctl en execute e ‘e o
net hod of op&rdttAg"sn y p
processing system cause the processing system to carry out decoding of audio data that
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 [urther 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
II-AC-3 bitstream of frames of coded data. The instructions that when executed cause
decoding the aceepted audio data are partitioned info 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 [rame of the bitstream into unpacked and decoded frequency domain exponent

and mantissa data [or the frame, and the [rame’s accompanying metadata. The back-end
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audi o decoder to decode audi o data that includes a nunber, denotedof
channel s of encoded audio data, e.g., an E-AC-3 audi o decoder to decode

E- AC-3 encoded audi o data 5t of orm decoded audi o data. that includes Mn
channel s ovadmcodedaudi o, n=0 or |, nr-0 or 1, and M=Pcrnsioiimgdssat es an

i nput LEE channel, mri indicates an output LEE channel. MN indicates
downm xi ng, M>N i ndi cates upm xi ng. [0082] The net hod i ncludes accepting the
audi o data that includes N. n channels of encoded audi o data, encodi ng by

t he encodi I’lgdd’fﬁdldlﬁkdl,ulcen(,gld,ingbly’suaaioﬁii'l&hﬁld)i/lﬁ@cﬁeﬁtétnﬂuiuh]a&uﬁiﬂhgﬁﬂ tu@les
transform ng using an.overl apped- transforg;N;ch nnel s Ofﬂg % audi o
data, forning Srg" pACKIHG W%g”dglﬁ?:lymﬂl&‘rﬁl? '@x"b‘B fRHRe WA QYRS sa data, and

form ng and qachpmgqmamadap&qmaMamgdamthhebﬁm@ﬂwmnmyxm@ﬂﬁmmp@mpgnent and

manti ssa dat onal Ly includi arelated to
transi ent . p?dwmmxmgém 1hpocdseestgdl ﬂgfp déb Pwu le ul clld]ll__mp% xhag lné)H[ co ul HAESHod. 15

[ 0083] So od| t, scri bed ar e desi gned ta. accept encoded
audi o dagﬁogﬁﬁode gc%br Sm””?sumﬂﬁuéﬂ%& §%§Tl%ﬂlsﬁmb?8%%ﬁﬁﬁgﬂﬁg to a
standard backwémd&mmmmwamnMh@nmuQﬂmbhheoﬁ%ﬁ@kﬁu@hmmﬂakduKQEMiﬂny i ncl ude
nore than 5 aln, e -00¢ S, I 1, i re detai
bel ow, the n§§%g§“1‘%@€§%§QQS%%%V%89§ﬁhf§é§%&9é (MQQ%Skaqgg?OIeggd i ng

i ncl udi ng:  uhpalekd hgudih &f etradhd we ahitic wnp ddedkhgheandcddecddikng & he

frequency doﬁ@(‘:lﬂh&ﬁﬁp %&tm@s@fh q@@ﬁlb%{%@ algd% &ua, %%tia?&lmuﬂi n‘r%a& 5@41%9&@

coefficients fromthe unpacked and decoded frequency I n exponent and
nantlssa“Uat&”“ﬂHVeP%@d®°9%§¢b@hwﬁ@ﬁ&%@dﬁwéq@@ﬁéVO@&nﬂﬂnh@aﬂ@mwappIy|ng

wi ndowi ng angcovg: l@@g@qgmt&d@@m&%mnﬁdﬁ@mm gl datR el yi ng any
required transient pre-noi se processing decodi ng according to the metadata

related to tPEA&ERY disding ol Welryporadeidig;o Dauenty dpmainexnoageandkN,

downm Xi ng agEAkdidg. bRodwnviRd iRduddal &mkIhteded&mBﬂbmaﬁnd Jeliades testing
whet her the domm @%ﬂﬁ data are changed ron1freV|ous used downm xi ng
C

data, and, ifcd¥d 6P APRA GFPORTS Sl ity dt b e e P EPOSs - f aded
downmi xi 159 dab@mﬁmﬂadﬂ%ﬂﬂkxumgmﬁ@GQRﬁMﬂghbﬂﬂﬁ%ewﬁdmﬁﬁ faded downm xi ng
data, and if unchanged, directly downm xi ng according to the cl ownm xi ng

data. 30 [[06®P] | nns (MIBmﬁ(KﬂIQd oMaBti&o@r iddherrefi 8sentodemR0kiaNa bdchendecoder

uses at | eas(ﬁuo& moxlulc is 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 common 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 daia 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 II-AC-3 decoder/converter 210 for K-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 (o 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 (I':D) 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 [rame’s audio dala (o [requency 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

o up 10 5.1 channels of PCM audio data. Decoder/converter 210 also includes a metadata
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processor that executes stream ng single-instruction- multiple-data (SIM)
extensions (SSE) instructions, including vector instructions. In such
enbodi ments, the downm xi ng includes running vector instructions on at.

| east one oo hewewse or nore x86 processors. [0086]in gomivsaphgasiznent s of
the present invention, the decoding nmethod for E-AC-3 audi o, which m ght be
AC-3 audio, is partitioned into nodul es of operations that can be applied
nore than once, i.e., instantiated nore than once in different decoder

i npl enent at i ansertel mothe205ase c@iverd n@idda@dnd hidek-enrcdnusle snodeic oot (Bg, t he
decoding is partl& to.a set of front- gnd decoqe (FE erations,

and a set of “Hdtile ﬁluﬂ%é(ga‘&‘“ﬁ BED) O R SRS R e fonp &é‘iog | ed bel ow,
the front- enmomeeﬁdenmpemaMLdmﬂmnachud]B@dmepaqhbﬂgLanﬂddaﬁmdbﬂgafrequency

domai n expong a or 1]-AC 3
b.tstrean1.nﬁ””SW“&%”EQ°mdde£?Saé%“ﬁ%é%@éﬁeyﬁﬁBﬁﬁﬂﬁﬁégponent and manti ssa
data for g Me' s acco t adat a. the back-end
decode opép§¥$onssfﬂﬁfﬁagﬁﬁe? ﬁWVﬁ ﬁ8ﬁ§PqPﬂe*kf ﬁggﬁwﬁfﬁﬁe?*?B@ehts

i nverse tran@hgmnbngnthéiﬂﬂ@mmmmewuﬂmaﬂgﬁbﬁﬂhmeemmneﬁeDMamﬂaﬁply!ng

\FI)MI’ gd(r:])\cl)v: gg S‘p%)élg(}slg{dlﬁ)al‘a%%g(ql&%@ 9‘]&{ ]QQE" O%Q(ll Mclmngot% Yo '}’]ec il rg,% of fuh(gnziaggt t her e
are fewer ouDgu@Aéﬁ%ﬁmbﬂ%aﬂhamlﬁ@dedxchdmneh@mkﬂ°tHeumpﬂktmeaﬁi¢@0087]Sone
embodi ment s gfy ;§6r RUESERLes lirﬂl\{ﬁime s s AGEHARS fhe %91';{&% Spdadabhe storage
nedlun1stor|1% instructions that en execute one or mor e processors of
a proces®¥ing y@%@ﬁ%&&u@@Iﬂh@@pﬂbe@bgkﬂqﬂ§y§ﬂewﬂﬂ%C@ﬁ@ﬁyMQHPuﬁ%eodlng of
audi o data tmtme'nﬂ)%] M%ﬁhle[}u&lhﬁsn({]@f!L&e@thd@ﬂfégg?e@ul@d"(gthé?: cgg& % ok 9 OI’ m
decoded audi o data that. includes 20M n channel s of decode .
today' s st antasigaalitnelghepodples ppltipkpingpntigtions gf a F%é“ﬂ%@%%kméﬁmrsmﬁot so

limited. Themhl[l§1tﬁﬂd§15l|12@6§> dmemt@ﬁdt@a&ew&tuleqnﬁy teld Imt afsgxecuted cause
accepting the aydio data t i ncl udes n channe encoded audi o data

encoded by a«ﬁnbé)Hxélga S Hbdlhlet/\ﬁ O’ﬁdeqéleb the BSA(mp 1glqgg,iupgt1|onm igsepyried f1gQt r uct i ons
further idsncldé&ontsd ddecde 10RS It RbK kM’[Il&)JBﬁXl@tG utiRchr6ads Gorde a6t nbdidshe
accepted audlﬁ data. 25 100881| n_sone sucg, g?odlnents t he accepted audio
data are in PREUFSIREPUAARS Brripgniations. WG gopsaplitighbarks of coded
data. The i nditgracti afsodehatih whiencigxeoitseibauss d2coktinngs dthediaggept ed audi o
data are parfitioned i t .of reusahle u i nstructions,

i ncluding a f%o ? wwadEn?hd“ﬁ?%éﬂr3WB QJ‘%HﬁEHLﬁé%ﬁsgﬁd“%géﬁﬁe ( BED)
nodul e. The mmomﬂ9@hﬂdd@sedemandummummnMudnmgMLmstmWQmHQHSumbat when
execut ed,,cau 30,4680 Y agKki. he frequency
donai n %Xpongﬁ%u‘?’ 43 Mol Y Ibac u%éljg«/(,{)(h] m(f( R T%Eal?r)gsegﬂt S% tn:]S I’ e, ean; )ht o unpacked
and decoded ﬁméauemeyu@e@himdewﬁdhemﬂmanduhantms$axwahaIWGPCthe frame, and
the frame's acconpanyi ng netadai a. The back-end decode nodul e including
instructidW§31haﬁLWMemlef@cafedubaus@ﬁmmvemmhﬂﬁﬁgn@MLEﬁenem@ﬂskorm

coeffici ent Sl mernﬁamhmmé SAMEIeoBPRLNL B, DI AG, @G QusY! ap- add

oper ati ons, ¥ required transi ent ﬁre nol se processi ng decodi ng,
and applylngkﬂéﬁﬁﬁﬂ%Fﬁ% wﬁdﬂheﬁéés%mﬂ%éﬁ3Hh@nedmhecﬁemerh@m@bnt channel s
than i npyt qgﬁ%durﬁbgm%l e Iém@@Q@%ﬂiEh ( dcgcﬁaﬁrégf ﬁl@%ﬁ’mL d&il(mdllcl i ed block

di agram fornms sonic different decoder configurations t can
advantageouéﬁﬂuﬁ§éd%ﬁenEWOWﬁV@d@@W#éhdﬁbdﬂ+b%W“PVQPQOW§ﬁ@WSM@ sinplified

bl ock di agr amn@fsaama @ﬁé%ﬁﬂébt@d E_,THAQI}aLM@&@ran%QQ 25 DM AGhSsQle FoAC3 coded 5.1
audi o. O course the use ock" when referrlng to blocks in a

bl ock di agr atf' %“h%TB¥H§“§é%eO%§‘%QHPOQQ a5¢ 4t 418 Batisguerpdopaint er
referring taxpshearmmdntnBia @udiom tﬂ@-h&nt cRegRder miR N oeliudesod s @mrend

decode (3'(§ED)to up %LL;] lech%u(l)njélstolfl % MI dule t?'cfgny%ependcnt AC-3/E-AC3 coded frame of

In

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



AC-3 or E-AC-3 franmes and to carry out, frame by franme, unpacking of the
frame's netadata and decodi ng of the franme's audio data to frequency donmain
exponent and manti ssa data. Decoder 200 al so includes a back-end decode
(BED) nodubhwe 200310t4sat accepts the frequency domai n expegents2@ancgmnt i ssa
data fromthe front-end decode 15nodul e 201 and decodes it to up to 5.1
channel s of PCM audi o data. 100901The, deconposition of the decoder into a
front-end decode nodul e and a back-end decode nodule is a design choice,
not a necessamguhp%ﬁ()tthm h@q’»mgc dﬁduﬂhmp)aDtlil(ilhlGDﬁﬂ@dd@ﬁiﬁo@nﬁlydadﬁo bepefits of
havi ng conmon on | The FED nodul e
can be commﬁuafo RES e ﬁny ‘i(? mond ?l ldmé“(%f’n | glidf“b” §'appg lﬁo(ﬁgn& &oKFt Gur at i ons
have in ZOCOMWutthﬁkwmadcka fign afe mslrvatlwanlell@tha@ﬁ)tvmam@ 7decodi ng of the
frame's audi quency donmai n exponent and nanti ssa data as
carried out ]ydglg\%q}'—'ggl\/{rr(ﬁigiul e. 100911As one exanple of an alternate

confi gur t ified Iock di f an E-AC 3
decoder/% Aver ter @11 ‘“T“mo“}l\ﬁ‘mag ‘C?dga)‘@fy éléfm%“ﬁ ‘au”d‘i’“oﬁ%rﬁ Eb‘t“ﬁ“ odes AC3 or
E- AC- 3 codedec@edclandisothe enidd bikssreant onléestag llﬂmcﬁitﬂﬂiﬁll@ﬁdﬁd)jfml of 25up to
5.1 channel s of ..audj; 9 1£.9, &R npel s.

Decoder / Convce ll’t%l’ clg!i dutl t r](glF(k eg&g? ?eg%%g[f c&ﬁ%e&g In %)?LWCh/ﬁ?lbO(lllgj\cxﬁ 9501 t hat
accept s AC- 3sugh a FSAC-L3 chpelipetpgpdiptig ngaranypugutcadapleamdivhythfi same,  unpacki ng
of the frame s RS RU 20BN, &l@ﬁggmgns dﬁbLnﬁgbﬁ a@muam%ﬁw @B@} to frequency
domai n exponent and nmantissa data. Decoder/converter 210 also includes a
back- end!%dectdelcBEP)ES: ssdut lehooms! degegde nogule Hisludpe 4 syeechyy ipranglvinlodr to t he

1311 D nmodul ef@R3nPdecSRGMABK a@@m@ﬂ%ﬁ;ﬂ%tn@%&@ﬂ el B LERQUSRGY 1domai n
exponent and mantissa data fromthe front-end decode nodul e 201 and decodes

it to up to BUiliyphyhshandtleopdpmedids dncidesd lipedodatedserde mogyle 910 al so

i ncl udes a Iﬂﬁin&dn&i)tcﬂ cdu@&@lﬂ@)ﬂiﬂ@bl ﬂﬁ@ﬁhdL[ﬁ:n(Z&QBﬁztu'ﬂﬁﬁndQﬁQMﬁﬁ&@ offBtagata and a
back-end encode m) t hat a&g pts the frequency domain exponent and

manti ssa dat &°¥9M P %fof?“(ﬁmcs%“hﬂ" ROde Foaules 6f“‘é‘r¥&}lbf"8mé?+&éltfe the data
as an AGs3 fingmetiob ingmdé s{)hﬁnd_mfblmaﬂll‘mhﬁalﬁzf, nadale of ldﬂltual(ﬁit 1hammsﬁre t han t he
maxi mum data ra of 640 i bl one exanpl e of

an al ternate con (T%féﬁrué r]ipﬁbnlnéé?f%??% dlélﬁr(’)m n“éio%i%ﬁsl 155“ k‘n‘df agram of an
E- AC- 3 decodéentithét (raecadd amnly iES-138d proarie tlﬁlﬂfldttnphdicbhﬁnel tcthamppelpsatof coded

Zﬂg: g, agcg St %xgd (g?(?]cfé S%ﬁﬁl imst %3&0 dllq ) Lhdﬂll?l 1nalplpel moﬁulp of 1113tﬁ1utﬁor}1§'gn§| tsth

unpacks the \BSIntdta‘wad anidn lhdemﬂ\bﬁesust hfenlﬁm@grtbsd@n@bdfdatanemu%pe\swand_ provi des
the fr amgs tlptd?‘tgrﬁlrcfgpc{do toglgfesr tg%lm Lﬂ'c Iggldgl c,ggmglggir duv()(f3 (rlrgﬂ In a typl cal

i npl ement ati on I nc nd rrermry in which

St ruct i ons, g6, AT @g%&@;%&ﬁ%@q aaulsgmeawnv' ng out of the

functionality of the e |ns latrons’ of a front-end decode
nmodul e, anebespl t iopk enbdashandd @ 1|11Qﬂ§0191fs 1@11@@)@KUBM&Q&G&Q?@M!&[ e may be

operati ng. i me E- AC- 3 decoder, the BSI unpacking
functional i t(;}D%gqg‘é “é?‘gf gﬁ”p({: 34% A8t H?P“f PIGHPU IS GBEGHE "BHAUMY to | ook at
the BSI dat dasshiatdprovijges. ifdinmenoanno rovLives, ind ubtm usedi doRveyddnl, OUS

al t er nat £ I rrc%nxenﬁﬂleaﬁa oAudio bllstmam%m gﬁgﬁ’flo dP(II m.},hc (se Qﬁgﬁﬂg}l agram of a

decoder Wi th ar chitect ur e 8ul '$ of audio
data. 1:10. Rt)desthowsinditgicampland if @cbsdok Mklcd!da)gmatmmdfhcaluzﬁ ddcodecoder 240 with

such archit e%]tl\% rter 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 (o carry out the processes included in decoding and/or converting the up (o 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



Decoder 240 includes a franme infornmation anal yze nodul e 241, a front-end
decode 20nodul e 243, and a back-end decode nodul o 245. These EEL) and BED
nodul es can be simlar in structure to FED and BED nodul es used in the
archi t ect uywe 0f/ltdey 2C. 10093 Returning to HO 2C, thqscwugﬂﬁ],bzgiﬁr mat i on
anal yze nodul e 221 provides the data of an independent A( :-3/| r-AC3 coded
frame of up to 5.1 channels to a Front-end decode nodul e 223 that accepts
AC-3 or E-AC-3 frames and to carry out, franme by 25 frame, unpacking of

the frame's sRtoaddted@idoderosbngifs Iut'lﬁ’ duiseBe prodlddiOydah ® Ly biiequency
domai n expon nt and manti ssa dat a. T%e frequency domain exponent and

mant i ssa dat 3¢ BPESSHE SEPetingg-oding ardr oy ciiae B &b HONGIE - PPN hEPY s t he sanme
as or siml asistrentshe BED nodul e 203 of decoder 200, and that accept the
frequency domai n exponent and nmantissa data fromthe front-end decode

nodul e 223p@n¢ t @ndeseslgnther Hahe-3AN0-URat RcRiecdcmhdnngk sikof PCM audi o
data. Any dependent AC-3/11-AC3 coded frane of additional channel data are

provi ded ’t o HACIIWERCHS te0s WELCH B dec B sBbeopporehiat e 1087 M A%r to t he
other Mrh nodul e, and so unpacks the frame's netadatit and decode the
frame's adti%! datscqdsr-ronyguien dhe droorsr trEs s HEARICuEA N PRAEFUA dat a. A

back-end decode mu@wde ar20-FHal- m@ﬁm@mﬁ@pdatsaJmmﬁ&@cm@&be 227 and
to decode the data to PCM audi o data of a% /ergl onal channels. A PCM
channel mapper mduﬂng/o?‘ﬁio'?vénH‘éé‘ﬂ’u‘t%“'é‘d‘ﬁbiﬂ BEtHe? Pt Gdetedsi°det r om t he
respective BED erdLLk)e\&1tt=1C11apﬂlmLI11dte] suphohipoﬂuus]andhﬂnn@leﬁmﬁlfanE’ﬁMdﬂﬂérﬁ
5[00941I1fO t here are,IBthWnl ﬁf& ho/ n {1 ., case N>5, e.qg.
there are 7.1 coded channel's, f'hé ébde] mb“ntSu “”Qrﬁ‘“"hdﬂ“udes an i ndependent

frame of 5.1 coded ch ast ne endent frane of coded
dat a. gg(}gtgfmare enboﬂ 'h 'Hfl‘gec? J8r “75"32'{?1) Y s‘%wn 8yes “@%%‘Hﬁuﬁﬁln‘f)s conpri sing
a corrput er-readabl e nedodermitahabol 8t AC-88:-AOStbitkiehindMs rdwolteqexeg ddmon, t he

instructions are arrangloda@ (jimpacyrng ity 19uacata1 channel 10 decode nodul es,
each 5.1 channel decode afe™ Tt 3ygg a respective instantiation of a

front- end de nod espective instanti.ati on ck-end decode
nodul e. ?‘ur al i t)%%c eggilgcoﬁ%ﬁﬁé ST o U 8 m“? hfn ﬁé‘sul&g] First 5.1

channel 1(iﬁecode nodul econipate tm@ﬂoemedwmn(mwb@ wdemodtangychrbl*the i ndependent
frame, and one or mrlﬁ()(ﬂlﬁchﬁlrc[ﬁﬁfa@l he B%Cn(?&l%k Lgoglgs Re iu(?ho (ﬁaglﬁ 11(4%? &?Ct ive

dependent franme. in sone su JI nent's, nstruc ns 1'nclude a
frame i nformation an&llyzwomtﬂm“@dtbfmqlﬁ"é\ﬂrimbttqlc@ns t hat when executed causes
unpacking the Bit StreamInformation (BSI) field fromeach '"franme to
identify toMOtranes dbatkiendmecotlyJbsbauhebngeosdddesdilhis codiznteilfviled frames to

the appropriate fr Ontcx@&q‘d%?gn%g I’dnr}\QdJ%Jl ?mc 195% L%t%&dt I@c‘kl (Qﬂl’uchgqu ?‘()1% Hﬁnnel

mapper nodul e of instructions ‘N>5 cause
conbi ni 7§ t he decodedldatlae MW@@S%@GWVJG 152@*@&9%%%! \d@@@d@utm)@ml es to

formthe N min channehsofdecadet dala:n ACPhRohS ODoRREiAL ng an
AC- 3/ E- AC- 3 dual decoder converter.

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/I-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 exanple 5.1

decoder is shown in FIG. 2D.



[ 009510ne enbodi ment of the invention is in the formof a dual decoder
converter (DDC) that decodes two AC-3/f2-AC. -3 input bitstreans, designated
as "main" and "associated,” with up to 5.1 channels each, to PCM audi o, and
in the caswoofiigemser si on, 25converts the mai n audi o bipkstikaamfsam E- AC- 3
to AC-3, and in the case of decoding, decodes the main hitstreamand if
present associ ated bitstream The dual decoder converter optionally m xes
the two PCM out puts using m xi ng netadata extracted fromthe associ at ed
audi o bi t spewaMm KM GlEARieIedinIRBhi@hat DenduRlis decodRrwicRBNEHLLr carries
out a nethod of operating a _30 decoder to carry out the processes included
in decodi ng and/ or @EHVER Y g tNe dp e dnd %ac,&d:“}é}"“i‘i‘le%@‘é“l“ﬁ‘b‘ﬂ’t ABiXSst r cans.
Anot her enbodi ment dhsckiifipdridemddenimdatana o pagirlcampicRihggecagdi um havi ng
instructions, e.g., software instructions thereon, that when executed by
one or norjeoXPCaRsRr SestfiptarsPTIRARHSEI REIPHELRMIcCaUsBSACREr-PoTaRSI Ng system
to carry out the processes included in decoding and/or converting the up to
two AC 3/°%E-AC-3 i ngitM EP% descrdionsandfesao SV BTHIOBUMHt of the AC 3/E-AC 3
dual decoder converter has six 5subconponents, some of which include comon
subconpondfY 93! Tirampsdaiesenyerigr: The srag) Dal sauFLE e tseptionthand

decoder -converter i®ne@nifdl ghhedecoRen @Xagint ﬁd\/ltaﬁlliQB}C@ﬁ@toﬁH W& 3/ E-AC- 3

i nput bitstream (up to 5.1 channels) to PCM audi o, and/or to convert, the

i nput bi t gbowaM fEx@IhSAer31HeQ xB%mBnixINGo RIRG OGSO L,ARY &JntiGkre@Bent hr ee mai n
subconponents, and can inplenment an. enmbodi ment 10210 %sfgov\n in FIG 213
above. '1'he main s‘iflﬁ“é’&?ﬂ‘bngg‘%‘n‘t“éa“é‘r“é.‘o OBYD I BTN YELRIRE YR FED nodul e
i s configured, whenikeoyteddiotppdecaoe wixihp amadaf supplicAGr Bé 1doo@d3
bitstreaminto raw frequency domain audi o data and its acconpanying

met adat a. 1001001Bd¢k-End “deécode: The BED i s nodul e i s confi gured, when

executed, to_conplete the rest of the decode process that was initiated by

the FED nmoduf@MeRIgeredemedhle 4850M31ED nodul e decodes the audio data (in
nmant i ssa panent . .f T i ), PCM audi ) . 001011 Back-end encode:
"the bac kﬁgﬁ'ﬁén?@‘a25‘%88%@5%%“@%‘%‘@@?3% a\?%og(ﬁﬁgggé&\c’u“ %3”%18 S(a‘ﬁhnélode an AC- 3
frame usi ng sixdibk sctksCof addiidiad ddadiag fispens. ohleding 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-
cnd decode module comprises software instructions stored in a tangible storage medium
that when executed by one or more processors of & processing system, cause the actions
described in the details provided herein for the operation ol 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 B-AC-3, the first
audio block—audio block O 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
cach block.

[00110]  Inonc embodiment, in order to use a uniform method of decoding/architecture of
a decoder regardless of whether the AHT is used, the FED module catries 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

23



20FED. The back-end encode nodule is al so configured, when executed, to
synchroni ZG resolve and convert E-AC-3 netadata to Dol by Digital netadata
usi ng an included netadata converter 'nodule. [00102] 5.1 Decoder: The 5.1
decoder nodwl ®11i®200onfi gured when executed to decode apcAGsRiEnAEG33 | nput
bitstrearn (up to 51 channels) t.o PCM audi o. The SA 25decoder al so
optionally outputs m xing netadata for use by an external application to
mx two AC-3/E-AC-3 bitstreans. The decoder nodul e includes two main

subconponent gss @au&g&lﬂ@ﬂwls@uﬁﬁmdﬁsG)ﬂh(b&@ik&l%i’(ﬁiﬂéht%@‘ﬁﬁtn@s@g #JBED nodul e as
descri bed herei abo %LQA bl ock di agr am of an exanple 5.1 decoder is shown

in FIG 2D. “r[P ST HaHRS PRSP R PERLss it ghpafielby- H\“Hf’"ﬁatl on nodule is
configure ecu ed to parse an AC- 3/ E-AC-3 franme_and unpack its
b|Istrean1P%?&anFFGH”OWET%KP%h@@k“¥%“%@PPHWHéHm%$mFH€1%?%ﬁéﬂ s part of the
unpacki ng pr MQ&Sn()d[JQQlthihBufntﬁEd geseurdf pltstﬁi[cﬁc)ns-mﬂdbhlfifn@ﬁun@@lﬁi@ﬁ/h@lt ors nodul e
contai ns AC 3 IA qgg SPC .| V1 buf fer dif tlons and functions for

buf f er oﬁbra?%%ﬁé‘“fﬁbﬁ PESHHrE PAEBIEHG &1 & 0TW€“§ﬁﬂﬁV€ ¢t e converter
nodul e is opmummahmnamdu@@m$bgmmqﬂ$1mhemmem&n&hednéﬂmuﬂﬁanple PCM audi o by
a factor of two erna dule is
optional , and L%dgh(%l(g?odrné%ua(%snmé&% S“i)%ld) as JHZY %(pdés W%ﬂt ﬁn%‘ﬁ?&?de “ﬁ)gglbr am and an
associ at ed aﬂdﬂﬁfpn@@hamﬂmms@c&ﬂhgh@nmuMpuLuamdhﬂn@mﬂgmammusmmguﬂixing

met adat a SUpl%l}ugtﬂon's Puh (?Lll%ﬁgg){g 1n61¥*1§qhu20§ nI«, 519 ?Lges pﬂan ('Els end decode rodul e

design [ 0010 t-en eco eco ata according to AC-3's

t hod b ddi.ti onal odln spect i ncludin
met nodas, 22&(}%]?(:?{119}“ g F 'ﬁtcl:n%dl% gpilnLT suuclié\e % §1p WerdRP S Cudio 9

decodi ng sta Ionary s enfranced channel
coupl i ng, and spectchaindemnemsly@nd pl[O@G%O&)lucttwni lo@nprgk endofecin aeadodi ment . in

the formof a tanglcgglﬁblqp(gygg&@%gt%mgBlpbgbflt;ont end decode nodul e
conprises software instructions stored 1n a tangi bl e storage nedi umthat

uhen execub@dsPy sitfoRliol Dl RLASEEAAGRT iRl RAFRALAG% SX3LEM, cause the

actions descrlbe e details provi oeralon of the
Runt - end decode rmd%ﬂsbn&Q»@VCIcmdacllhéfrt@blmbledlkwloem@mt)(hxlld@tn the front-end

decode nodul e includes elenents that are configured in operation to carry
out the ad@Qidfls Bisteeanbentrations:hide datminh spqprtiond Wedhldyepeden isipuctibhydoroper at i on

of the front-end degade,omdlhy ., APL09H AcAGidugacod ng. bl ock- by- bl ock

decoding is possible C-3, the first audio bl ock-audio Hock 0 of a

frame i nclipes t mpmtsmmexﬁ&@ab fﬂtaﬂé defifes] RS 1P RO &}é%&lﬁs by- bl ock
decodi ng typlca 'y 1s not used, but rather several ocC
in memory and pmwdus instructions configured when executed to unpack and

decode exponents {rom an AC-3 or E-AC-3 bitstream.

20 [00116] Exponenis 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: 'I'he 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.



processed at once. The processing of actual data, however, is of course
carried out on each block. [00110] In one enbodinent, in order to use a
uni form nmet hod of decodi ng/architecture of a decoder regardl ess of whether
the A Err wmo wsedposthe FED nodul e carries out, channel -pc3QRysighanRnel , two
passes. A first pass includes unpacki ng netadata bl ock-by-bl ock and savi ng
pointers to where the packed exponent and manti ssa data are stored, and a
second pass includes using the saved pointers to the packed exponents and
mant i ssas, [oarm] unpaekidgyhandraeoadi NG AXPADAN prafdhs MRS SR ofiddided
channel - by-channel . 1001111 F'Gif%8§E$M5d§15f”P€'f'ed‘bLOCk,,Fagra”‘Of one
enbodi ment of a froRE SR ESLoHR Ggodegdgptive pybrfl ippstra dalafonider  of
i nstructions stored:iAt-abineemr.y t hat when 5execut ed causes EED processing
to be carried out. FIG 3 also shows pseudocode for instructions for a
first passjoof21] worgistahe:ont agndirdecadelnmduwserdes fasepekhingsn pseudocode
for instructions for the second gas of. ;mp¢ggss‘jrpntne d decode nodul e.
The FED rpdul e inclﬂmgbh?ﬁngﬂPW‘ﬂfﬁ%oﬁﬁﬁﬁpg‘fmgﬁfﬂqPﬁﬁl‘HPﬁhuﬂﬁQPructlons,
sone such instructiopsckhed agodbehiandid iremalromnn thad ortthey-3dafiema. st ruct ures
and paraneters: 10 [00112] Channel: The channel nodul e defines structures
for represeatizng mmaatediconptingnneleniancdrenmilivig abchilpdcdiviisdescuirBsbf uctions to
unpack and decode an ggdlo{chqnnglmfr§n1%n %%}3 pr_E—A(%S_@itstrean1
[00113] Bit al | ocat i ‘SR “FHE B ptang cypling SHnieh ura pr BYPHEYSS nstructions to
cal cul at e t he nmaskiingroctimy eondigded ahaudkatvedidh@éphiktan@dddcodahieoianéear coded
data. 15 ,]00114] Bit aj rationss; Th | t.stream operations nodul e
provides“%nstruLtidﬁE&P%fﬁﬁﬁgzngﬂéﬂﬁngy?%g%?gh“ﬁtﬁ@“@%ﬂEf%?P% bit stream
1001151Exponent s: ' dxbadssadtinesh t @ phedio lae Hehed-B higgregh bypbuidies pliase amdepr esent i ng
exponents in nmenory.and.Bhevhdes instructions configured when executed to
unpack and decode exponents froman AC-3 or E-AC-3 bitstream 20 1001161
Exponent s @aa@sManiifSfisci: TRELEXRARE H%oﬁulggg'ing&m}ha%?‘l%r H;Bgyelnﬁn defi.nes .
structures for representing exponents and mantissas I n nmenory and provides
i nstructions confi digckdn vpaery exdriatidy insgugsinpeackiigud vdee ogeutekiponent s and
mantissag froman AGnRkQhd fchfear alid SILAERTN, of ROBLFLMRLE L Bgy 1 be
mat ri xi ng nodul e provi des instructions configured when

[00124]  Spectral extension: The spectral extension module provides support for spectral

exlension decoding in an Ii-AC-3 bitstrean.

[00125]  Coupling: The coupling module defines structures for representing a coupling
channel in memory and provides instructions configured when executed (o

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

[00126] I1G. 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 {ront-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 bil allocation parameters for a standard and/or AT bit allocation [unctional
clement 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



25executed to support dematrixing of matrixed channels. [00118]Auxiliary
data: The auxiliary data nodul e defines auxiliary data structures used in
the EED nodule to carry out FED processing. [00119] Mantissas: 'line
mant i ssas madwheiodesli nes structures for representing nailSsa%$013833

nmenory and provides instructions configured when executed to unpack and
30decode mantissas froman AC-3 or E-AC-3 bitstream 1001201 Adaptive
hybrid transform The Al |IT nodul e provides instructions configured when

executed to ummaﬁlkluamdMdgﬁmdﬁ)nad&pkht\lle9 tydaril GuitahpisiQrdmdatiae. firom an E- AC 3
bitstream [ 0121 y anme: The audio franme nodul e defines structures
ung Bt O(%g

ndls FIEE YR DTS AV ARA YHF BY PRRSIHSPEtRL i ons

for representing an 5
configured mh@@m@xe@nmegnmaummnamknandudﬁﬁ@dﬁd&ﬁmaudm@uLﬂHHEni&pn1an AC 3

or E-AC- 3 Di &&ng{l(?naimflunun s%%%lo'iﬂff%(‘@ (4F: dgi By (h{éyngéanpégﬁ% ?qwﬁiaﬁ(grﬁoéﬁﬁgrl ing modul e

defines structu resenting an en in menory
and provrdeshmﬁsmﬂubmwmn@3cbmﬁ%gmmedJMMEnmbkeﬁm@ﬁdumOmmnpﬂm%naﬂd decode an

enhanced Uc OHL(QJ Asqxgzll%b %ﬂﬁ)ndl @mgé%%@f;m 1119 édl %}(Ags & gtb{o aérc;ll dnllzurt] hsa nced

coupling extends traditional coupling in y providing

phase and [65‘1%9? l& ? AFE}B ln%[l du[dqq)%%;afrlhsﬁ dgs ddldl? LB]ilLE[EfiF(S psuud%coq] %owlgglgkpgs:'l:jgs

defi nes structures present i'n nenor
|nstructlonsl%Dhﬂhghﬁ@ﬁvmh@ndememut@ﬂémgluMpaokuanUodamdd@uannaudlo bl ock

froman AC-3 dl’p/er EHA/QCE% Apa'lﬁesltnrggﬁrrﬁla 919}1% 1ea§spﬁcl{d('i@"u d%]&u?%)[%l ggl The spect ral

ext ensi on nodul e provides su for ctra tens ecoding in an
E- AC- 3 bﬂkstméhwwhwowizay@bwp%pwgmaHh@ﬂd@umemgwnvdmbbddSEMnaqutructures

for representbag) @ bePHPl b Mblocks per frame), lhc fixe SN B\and&@(ﬂ‘agpfo}Ica%ﬂ'd provi des
i nstructions configured when executed t
channel, a pointer to the packed exponents in the bitstream is saved, exponenis are

unpacked, and the position in the bitstream at which the packed mantissas reside is saved.

Bit allocation is computed, and, based on bit allocation, mantissas may be skipped.

15 [00128]  The second pass instructions are configured, when executed, to decode the audio
data from a frame to form mantissa and exponent data. For each block starting with block
0, unpacking includes loading the saved pointer to packed exponents, and unpacking the
exponents pointed thereby, computing bit allocation, loading the saved pointer to packed
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, ¢.g., 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 arc not saved in order to minimize memory transfers. If AHT is in use for a
channel, the exponents are unpacked (rom block () and copied (o 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.



20unpack and decode a coupling channel froman AC 3 or E-AC-3 bitstream
[00126] MG 4 shows a sinplified data fl ow di agram or the operation of one
enbodi nent of the front-end decode nodul e 300 of 110. 3 that describes how
t he pseudovwd®iandssub- nodul es el enents shown in M. 3peeQqRenabBsdz 0 carry
out the functions of a front-end decode nodule. By a functional clenent is
meant an el enent that carries out a processing 25function. Each such

el enent may be a hardware el enent, or a processing system and a storage

medi um t hgvoi3ot| udesnd dghiuchi Q(Blsv()ﬁ[h@g moheR. @egMeeid e AT Yis QWb rdrhe
cl ement 403 accepts. an

function. A pastr gam u unct i ona
AC- 3/ E- AC-3 T ame" %%’d@j@ﬂét’( glé’dﬁl ‘f“‘gl%’%% FYRNG JRaies dredinpaskeddn st andar d
and/ or ANT bblbckal, hlﬂnﬁﬂlmoﬂgp(leElCd fopeah clﬁijnﬁﬂﬁﬂtl%é@&lptub@ﬁdﬂﬂﬂ@d[ﬂ@&fécf urther data

for the bitstrea ulti ma rate 30exponent and nmanti ssa
data for an I'helud Lm’@¥ Qgﬁg?%ﬁﬁélﬁéhgﬂéﬁg ?% gy B?Bbﬁéi&%lenent 407.
The funcwlonampb@emmnmmﬂﬁvmgahemats@uaxmoaemtuaﬂdamampKESﬂgd@mﬁ$for an

i ncl uded rengé#%éﬁpg nﬁr&§qg+m%cdﬁu%dammc1na§?u1ﬂmx out any needed

reintarixing |ona ene eéner at és exponent and manti ssa
data for an ctr ensi on decodlng functional elenent 411 to
carry out an? ﬂ%gﬁgg ‘%g“WPav’ééFéﬁ%.on Functional el enents 407 to 411 use
dat a obt alfeds by 1hbE.MIRAGKLAIBARELAIIO0 0Ly kDS @IIREILANA, G erent - 403.

"t he result of ront -end decoding i'S x on sa data as wel |
as add|t|onaWP@Wﬁﬁ@Héén@ﬁdﬁbhmﬂan@ubﬁwaﬁﬁﬂéheﬂaﬂdnaUdW@thdmkmpamaneters.
[00127] Jgef effdng blabcdm?[nﬁl @Rf?:!] noh«g (ﬁ}}ﬂ%n 15@E A& SRR, pass
pseudocode shown in 3, first pass Instructions are configured,
when execut edods unpack netadata from an A(>3/13 AC-3 frane. In particular,
t he flrstd&?ss i ncl udes unpacking the BSI information, and unpacking the
audi o f r arf0TBR¥ olieniceRIbotmENLe Hehhitl] Be kontspddechdrgnativtetionts seden@t bl bl ock 5

(for 6 bl ocksadfees dhin %{mﬂwm&pﬁv&i el udak@mar 1§elﬁm%&i§§1‘:jtu (@R dnd PorkiGac h
channel, a pointer to the ﬁac ked egfonents int bitstreamis saved,

exponent s ar%uﬂﬂﬁaﬁk%ﬁm“aﬁ mpgide, His i BptvcrsesHochiby Sl BirmaRrowhingh t he

packed manti® $1ﬁ1$unlizﬁﬂbﬂﬂnﬂx&n@@&@dﬂﬂﬁl itquabhetatho R Uu%()lﬁﬁl)_mu t.8d.meand, based on
hi t aIIocatlon i ssas be ski Eed 15 [00128 he second pass

i nstructions™ émégh?WbﬁWEBO Whists & ﬁﬁ%ﬂ’m?ﬁdﬁﬁﬁaﬁ@mﬂWéﬂéﬁalo data froma
frame to forapomnddngsand@ndi.expenent. data. For each bl ock starting with
bl ock 0, unpacking includes |oading the saved pointer to packed exponents,

and unpackoeomgst hen @xpenenhsmpaiint:e et hhenabya wearpubiAgnmkiitn,ahd aeat i on,

| oadi ng t he sgled p0|§ﬁer tO%F gked mant i ssas, and unpacki ng the manti ssas
pointed ther€ OB RBHHHGPHET SR GBIHEIH Mareo st Rt rramvd Yhhanced
&coupl i g andatqame¢>atut¢agvytohemspme pm)aissmctiaqﬁmemu@aﬁd:ﬁs )4us«ﬂn£lacutnm, order to
Prgn:)PS?pgngedlguﬁ LP H‘u (Pﬁﬂg[ pl()w&{ld%{Aun @p(l' (r)_Rudru ﬁ%ﬂ% LFE r%]?~ ynd ({M (i:dhglog ;[32' Isgt ?hgt
t he resultlﬁgd@aﬂameamﬂbexac@6$bﬁmdbym®bhﬁanwmdumas¢sekmuusmmauBED modul e.
Thl S nmenor y m()QﬁguﬁQﬂ?{g&ﬁa‘%ﬂﬁﬁ) th? ng ‘l agl?cintb Hbes.(,l lﬁ)ﬁtﬂl t'[lpﬁtctaﬂs q%)%c(y]%u (/al'lll t hOUgh I t
may, as woul d be clear to those sk or a single
menory strud?Uh@WW§@GH¢bhb@#kLMb&uM@gnMP@0129] In sone enbodlnents for
exponent unpacki ng, the exponents unpacked during first pass are not saved
i n or derS{®@1a4lni Hi(z éArerorasinnplding blecisdiagrfm Aline embadmans ef ftark-endchannel , t he
exponents arg.uoRRGKEG I hBMRAOFL Qe@RHhGORLRA LA ik NfeRbIEHy [y Pl oC ks,
nunbered I. to 5. is not I1n use for a chan ne 0|n%erslio packed
exponent s aﬁéuﬁwéﬁVéﬁlﬂﬂ?P@ﬁ%“@hﬁhﬁ@ﬁ“%&ﬁbﬁBhﬁAsﬁﬁahE@wﬁwémm@vWeuse

exponents, tRGuAKRORENE Ba@l8d BRBACK&R e 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



again using the saved pointers. WD 2011/102967PCT/ US2011/ 023533 [00130]In
sone enbodi nents, for coupling manti ssa unpacking, if the MT is used for
the coupling channel, all six blocks of AIf coupling channel mantissas are
unpacked i wddeogt:4; and dither regenerated for each cheamaghotiftssi S a
coupl ed channel to produce unconel ated dither. If the ATTE 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 manti ssas for each

channel that is a caupredicGhandehe ifodedgigh@NinhdskeppBagkaigntdecade nmodul e
design [00131] The ba&k end decode éB D) nodule is operative to take
f requency domain exP8 BV HAYC HEHTGO88Y data and to decode it to PC, N4 audio

dat a. The EFgata are 10rendered based on user selected nodes,
dynamic ra Bﬂe%i‘o Ar g dhe Sy WoHHE Rromdereasrupig e 33 Wish R denbodi nent s,
in which the hunt- &F«ldsed@x@ﬁ@eodﬂﬂﬂhlﬂvexsStlmfsB)Sm‘eermﬂﬂQta]@ﬂﬂ oetihesd data in a

menory-we call it the external menp he working menory of

the front>end nDduI%@h?%uhﬁﬁb“ﬁﬁﬂh?%xﬂg%@ﬁ%ﬁﬂgkwﬂ$ Hhﬁ%k“WVQhﬁaﬂ?bceSS|ng

15t0 mnim ze domnmmmuanMMMEAayummhgebnweguDCenmnusm<aﬂ¢pap@tbememnpat|bIe
m t he externa

th th t put of t ers
W € output o &se(?l %a?cuﬁd dlggrgm {mulslc Bgl ld%r% 01111{)2%9sk,tummlf%tg&%(]l (] n the case

menory to access exponen

of an enbodi nent inhﬂhemﬂoﬂm%bmméﬂiahglble storage nedi um the back-end
decode nodul e conprises software instructions stored in a tangible storage
medi wn 20t [Aét37ivh eirassiant preagbidopranssing: Tivoresipn peesso pwcofin@mpiudcessi ng

SySt em Use t he \!L?(,Qﬁ'l g@(,%] ql 9]%9\’(\/1\{%[] LXLLqC(gLedtu?a}lllbdld%% ou Y!.lgl'leS?jbnper el n f or t he

operatlon of the bac nent ation, the
back-end decode nndu%epenehuﬂes el ements that are conflgured in operation

to carry out the actions described in the details provided herein for the

oper at i on [68138he Wmdkw &neleda-odid e dirdew a@boviO0GL B hioAdlt With Sfashois a

si er| ified block di . 8&@0&1&&\1(}%@%, ﬁ\‘lgib\%gh g?e@&tecpctaué% 091 1I§-§£|91€ windowing,
g 8
and the overlap/add operation to reconstruct output samples from inverse

15 transformed samples.

[00139] Time domain (TD) downmix: The TD downmix module provides instructions,
that when executed cause carrying out downmixing in the time domain as

needed to a fewer number of channels.

[00140] I1LG. 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 clements shown in FIG. 5A cooperate to carry out the functions of a back-cend
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
coellicients Lo generate (ime 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

28



decode nodul e 500 inplenented as a set of instructions stored in a nenory

t hat when executed causes BED processing to be carried out FIG 5A also
shows pseudocode for instructions for the back-end decode nodul e 500. The
BED nodul ewd01iedsides the fol l ow ng nodul es, each i nekydiksigdAssr ucti ons,
some such instructions being definitional: 30 [00135] Dynam c range
control: The dynam c range control nodul e provides instructions, that when
executed cause carrying out functions for controlling the dynanic range of
t he decoded singRalpre-hdigel udibRBe ARPHIEIDY 2 Gahsttnl ROGbIE 1()L@Q%g@ﬂﬁhé’ddﬂg dynami c

range control ransform The transform nodul e provi des
i nstructi ons® PﬂﬁgﬂhhgﬁJé%Qdﬂ¥%ﬁmééﬂ%%hﬁhr#ypﬁb”ﬁﬂﬁhﬁﬁéohHV€F§@‘transforns

i ncl udi ng carmymn@g)ogumnmL pxﬁ-\nexlétslﬁocﬂi&drlgﬂ(ﬂxﬂiscdlhlﬁ&raﬁat(ﬁwﬁﬁ&bdlﬁ i rRRSEor m (|
MDCT) , mhlch car tatlon sed for calcylating the
el se oy MBRLRERRe SR Py el ol St he BaCHat YeabBia f ng the

i nverse n rm and ermning the inverse fast Fourier transform
(FM . [Ogﬁgg ﬁ iﬁgwgﬁﬁgﬁPéﬂﬁ§'é%“&ﬁﬁ@@@éﬁ i e podylipEEss IR - noi se

processi ng ndudes, hOpriovMbaes dinsiidketinORs makiRatanbgon@xetdbesogkaus e
carrying out transj. W ndaw .& over | ap- add:

n
The mnndOM/ancimr(’)]J\/Lerlntlhc ﬁ”“hah?n%dmf%”dgﬁc mﬂu*ﬂ@ﬁ“%”%%“ﬂggdlnstructlons
t hat when ex@mmvedmcau@QObambymmgmbumonhei%mn@m%mm@gmamﬂmmhﬁmaverIap/add

ODen 6] i munSRANARE Yk QUEPULORAIR) ESLL M | AYEL A dRLLERBLGLABT sanpl es.

|nstructWonsUmwhamthemp%meemﬂ@dlbaué@u@@wnyunﬁummﬁt@@mnﬁ@x&mqaumuthe tinme

domai n_as NEgAREh LApRs L EWAL, ARG, Bl SAARNAL Socrl BRMIRE oildiO above a

simplified data fl om1d|agra e operation of one e I ment 20of the
hack- end decédrimpiiples aBO0nHENY PR GiengAcnhist Prdesdrd dsesdinpw nerdaigodé and sub-

modul es el en’@%&lc%lh@d’l\@ddnpdu{ dohiscd (6 ARAGMAL A1 HQrO@ 5t¥11291Hds Ly uncti ons of

a back-end decode nmodule. A gain control functiona enent 603 accepts
exponent andeﬁhtlssa data fromthe front-end decode nodul e 300 and applies
any required dynam c range control, dlalo% normal i zati on, and gain rangi ng
accor di nig [9% 42h et atradimentypiglesodingishivign PEexpd pavle camdnemitics sain dat a ar e

accepted by @jdenas ﬂﬁ!tdp%@ngﬂﬂﬂ‘g‘u@ ﬁ(ﬂflllby/dﬂ()ﬁﬂqr%@@ Eéi()ffdﬁ@% hoRak, gleenent 605 that
generates the transformcoefficients for inverse transformng. An inverse

transf or m f UREYITSAEIA G BRETONED 2R FSIOres e Pt d%tlﬁlémtgrsaﬂsgd& m

coef fi ci ent sadh@ingener @t Qadeiun®edsa4rP| 31%$1d&(h1ﬂtmdn@ﬁm plaexynbd anngand
overlap add. . Such ﬁge over| ap- add h omai n sanples are called

"pseudo- t i me @O ROUR A EEUHOFRITHS SNt Rk &S AYppHRE a5 Ik Bilhat i s
cal l ed her eldmdﬁglaempxﬁﬁhldia-ILEqu?EEc)dmﬂﬁlnmsulThﬁSﬁo@h eroaca@pbad dyinarsw ndow ng and
over | ap-add fu Cct e % t hat ? nerates PCM sanpl es by appl ying
ati

wi ndowi ng andm‘(’)ojm JHWHW%W“%(KF SR IYOFHEVHIEHES: t i me domai n sanpl es. Any

Transient Pre-Noise Processing
[00143] I-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 quanlizalion errors.

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

noise processing. H-AC-3 encoding includes transient pre-noise processing coding, o



transi ent pie-noise processing is applied by a transient pmnoise
processi ng functional elenent 611 according to netadata. If specified,

e.g., in the netadata or otherw se, the resulting post transient pre-noise
processi ngwRQvi sashes are downi ni xed to the nunber M pc@fysaMtputsschannel s
of PCM sanples by a Downm xing litnctional element 613. 5[00141] Referring
again to HU. 5A, the pseudocode for thenodul e processing includes, for each
bl ock of data, transferring the manti ssa and exponent data for bl ocks of a

channel fromdihe LQxdi@r ﬁl@Jnm@EHFfdyts tlﬁ?lqay xmlﬁuoala&h wﬁaﬁrﬁ‘lﬂ%'corgﬁﬁﬂLW ng any
required dynam c range contro al og normalization, an arn rangi ng
accor di ng touﬂﬁ%ﬁd&#’“ﬂﬁgﬁﬂfWﬁf%%ihﬁmgﬁHﬁf§§%§”ﬁ9“%%ﬂ6ﬂéﬂ%gmfb generate the
transform COanﬁkﬂhﬁl’m'&ng thElud](lﬂM&ﬁ&ﬁnﬂ)@&)rtlaﬂﬁtflﬁédﬁblﬂgwlsélQmip_hlldl(ﬂ@ an | MDCT to
the transform coeffi.cients

1111 do time domai n sanpl es; applying
wi ndowi ng anHOSG%PWE%%%HH“ﬁ%gﬁg?P Hsoﬁﬁ H@”H@éﬁ&%“ﬁ%ﬂg“g&ﬁhrﬁ‘ganples _
applylngfanqun@nwLemgmpr@pM@Mman@K@nﬂ&smggmammmmdpagomm1nehﬂdaha ard ;f
required, 0 t he nu put channels o
PCIML sanple %yﬁﬁgigg¥ﬁﬁﬁgo Fent 87 of - ded &MJmm“hdﬁﬁmﬁH“ﬁla 5A i ncl ude
carrying outm@umhn@mﬁﬂuadpus@mﬁnU@ua@na@pﬂpnmgn@W@Mbgu@hmmnpmhnmat|on
of fsets accoy ﬂﬁ&ghl&ﬂomﬁlg @ru‘%sm%p "1319 QA ¥hd n%a@%s L%miﬁ:ch({ %Q&iag&’lq ngﬁ’ % gal n

factors accordlng t o net adat a. ornlng gai n adj ust nent
stage that d&edlodprdageiligviagot pig- mnwwﬁ@éamﬁhmméxpeﬁ@ﬁxﬂm@ﬁwnﬁﬂﬂDMe frequency

domai n i § adyARLAGERY Ty (hd RExBALNLE RBRBES. TRY e YR Yo R %S sidoh MBm @Nd such gain
20changes made |n he frequency domain results in snooth cross-fades once

the inverse BRERYFGrIiaie W pitowngrdsd erlioagiabyudiedativo as-Tvve occurred.

Transi ent Prgodglise P1Qe@ssing gaxﬂs%@-ﬁ@hm@ e%Qb@d&ﬂ&QQl‘lﬂGd@&ﬂmQ&ﬁ&}é& ng were
designed to operate and provide better audio quality at. |ower data rates

than in AC 3¢venforiyaye vhas Bloskapdshingis disglled qual ity of coded 25audi o can be
negatlvely i npact ed, ecially for relatively difficult-to-code, transient
material . Wg} i et 6E Jaendst ehgrintept fige palitegypthspisgpdyssonghe i mited

nunber ofs d aprBedid gStoPM@ird idRhi§rd i RGEMEAIME 1 & PEerhBESEIhYRES i ara3b 9Nl s.
Coding artifacts of transients aro exhibited as a reduction in the

definition o‘“fWE“PFﬁH§?@HPm§F§nh¥ > igdudipg Ymeygaling puinpipigrysThempetydpla noj se”
artifact whiehnsmeansicaipdiibl ecreiose ddap oug heuhcdibimvicneadirRg avknidew due to
30codi ng qua&]}nlséﬁtplleolpomp lll(,(alddtd are used o perform time domain processing on the decoded

audio to reduce or remove the transient pre-noise introduced by low bit-rate audio coding

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 (ransmitted as additional metadata, along with the encoded audio

data.

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

transmitled time scaling paramelters obtained [rom the E-AC-3 metadala.

[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.

30



[ 00144] As described above and in FRIS. 5 and 6, the Mrh provides for

transi ent pre- noi se processing. E-AC 3 encoding includes transient
pre-noi se processing coding, to reduce transient pre-noise artifacts that
may he i ntwoducedashen audi o containing transients is eqeedadyssizepl aci ng
the appropriate audio segnment with audio that is synthesized using the
audio located prior to the transient pre-noise. '[he audio is processed
using time scaling synthesis so that its duration is increased such that it

is ol Sappoepo] atigud, engidi [h@n(ﬁx@ﬂh@&@mtéh)eu &UQ& PreGRRE F Nk RYmbher kjaansi ent

pr o- noi se. THe audi o gynth§4,$ buf. f i S %1ed usi ng audi o scene

anal ysi s and A% hURCRirTaF ym&WE'&§§?hd SERSF 1R SEEPed such t hat
its durati omnumumr\mﬁemaﬂmmg.knutuod foepbla@ﬁudlyeuﬂud@@se/\!ﬁwm ®antia ns t he
tr anSI ent pr (Pdllgl(/nl plL ()15(, )IOLXSMH lnsllll(,?l( S ld(, CXec lbllncr ea§56d !Jen (,tlh I ¥ used to
repl ace the transient pre- norse and"i¥" @ré%g 4888 THIGUE RETEYS: i ng

t ransi ents pr@mu@Onmkyehymsgdpnmﬁmddmamh@nbmcemwmnm@ﬁumhe transient. to
ensure a snooth transition fromthe synthesized audio into the originally
coded audi o DawamiBygusi ng transi ent pre-noise processing, the |ength of
the transient pre-noise can be dramatically reduced or renoved, even for
t he case VPESObI| drkots i Nohhamgnibs: diclkaldlechcofedLUSE- A3 bingedms, AGei3 Nencoder
embodi ment, {uii%.36ak R SKRLOCSheANE, ysslh%smﬁln%l HAREQKEREL Mhch Al N
transi ent pre-noi se processing too data to
det er ni ne nedeaigstiadovrmigr HEtN BHD changels o ldﬁ’@lﬂl?drllﬁgb% |dﬁ@te§é\élqi ﬁgptpazraarret ers.

The not a@dat achifeRr PREARRInL FoRGCE R 8AnRYs, MR id %981?0[1 b9 LaAGiWintsh ¢ tde encoded
bitstream The transmitted transient pre-noise netadata are used to perform

time domai n ProRdRentiy- BAMtHe e oget atidiih 9¢Melice or remove the
transi ent ro noi se introduced by |ow bit-rate audi o coding 20at |ow data
rates. [009UE] THEWEINAR3I ek evwt ko ia. widifelesedr yuhgdispnt wesi s anal ysi s

and det er m ngsraliidm® is@ad iag cﬂﬁm@aﬂﬁﬁﬁﬂé,N Pasecki it cbdgeaudh aucent ent, for
each detected transient. The tinme scal kg%é paraneters are transnltted as

addi ti onal rStAlAELO dadt BAgnehidenMp shaaprid decodetiugiogadal> lpB[too 14 7] At an

11- AC- 3 @ecadétating e nORbdrBLIT EHBneHGA Ik Rpu B BNBLBL8vdy. DbivERGideRs E- AC 3
meradata are accepted as part of accepted E-AC-3 netadata for use in
transi ent prB“ﬁ@r@ @ééggﬂﬁé)d*hgxﬁ BB co g inglidrbnBersr spli ci ng
and cross- fMedNng using the transmtted tinme scaling paraneters obtai ned
fromthe E-AC-3 netadata. [00148] By using the optinmal tine scaling

i nfornation BRguaapplioming vi. timddoainhBwapiogri at e cross-fadi ng processing,
the transient pre-noise introduced by lowhit rate audio codlng can he

dr amati cal (P(&j 5%1le d Pewampngrcainppdade ¢niirghia tepelecgrkiag 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 alter the windowing and overlap-add operation.

[00153]  lrequency 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 (o the downmixing step are only carried out on the remaining number of channels, which
is gencrally 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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WO 2011402967PCT/ US2011/ 023533 001 49] Thus, transient pre-noise processing
overwites pre-noise with a segnent of audio that nost closely resenbles
the original content. The transient pre-noise processing Instructions, when
execut ed, waiatiziomwea four-bl ock delay buffer for use i mrceagy10v8E33 The
transi ent. pre-noise processing instructions, when executed, in the ease
where overwiting 5occurs, cause performng a cross fade in and out on
overwitten pre-noise. Downni xi ng [ 00150] Denote by N n the nunber of

channel s goeded mmku&mﬁh«ﬂhao&mﬁ§mgﬁan&hmn@kﬂ1thSukbﬁkﬂquﬁnm9f nai n
channel s, andl §1 E g?] ﬁﬂhnnel Often, it is desired
to downnmi x t‘ﬁmoﬂlu?w”ﬁishl“éﬂ T8t 4o ﬁbtg‘HﬂIV‘i"@rr O-JSRGEEAMEE M8 out put

mai n Channe|&dsoﬁ)()ﬁhﬂNY[dehE}AfO‘Dﬂncheﬁs()Jlemhammeﬁ&qwnM‘i:)N]gS supported by

enbodi nents of the present invention. Upinixing, also is possible, in which
case NbN.[Wﬂ@ﬁblk%hhu&;wﬁmhﬁhenmuﬁkgwgeneral i npl enent ati on, audi o decoder
enbodi ments are op ative t g %b de. 03 dat a t hat cl uﬁ;s N. n channel s

I,
of encoded audi o da °§u}dmé’d)eco g au Sy Sy dpﬁ({'}(ugélgo ‘I channel s of
decoded audi o, and Mosa_l,acthmlhwmlnnmm hmﬁumumguﬁ)h)ek mdriberblek —lo FE channel s

in the input, out pLLE%urlegx tﬁ)legl}dl(ygdtcyI[dl%wrgl())(vlvlnghmgln% au%ro (% ags Lyhlc!PIHe case

according to a set 0 ownm xi ng. coetti¢ci ent
Frequency domain vscendngd daﬂmmmddwmllonmblmmgfvhufs@ﬂlﬁﬂ]:@@mm ®tng can be

done entirel y int rlgenfnéfn%gl'lﬁ(p&lxo&g nfpéhgﬂ bB[l!sO t( tlﬂg llLJ}i"JXI?(ﬁ%BD]%gt r aPSf orm

in the (line domain after the inverse trans orm e case o0
over | ap-'&dd bl ock pP@?ﬁé@é‘lUﬁ@l ﬁWi@#Ubh}mﬂﬁ@&\l&lonléownhgbfalmdﬂ@vmr4nép add

operations, or in thgolbd®@n@Re®in: Rt L&ty &ﬂ@luﬂ%&ﬂl@% ang.pverl ap- add
operation. f001 53j Frequency domain (I )ID downm xi ng I's much nore

efficient pdiap ti mo@oNRl Me IRWORTHXIRG i untu%(lug ftcp@ 1@ ﬂﬁ%n@ [&RBdechitef- » from the
fact that any processing steps subsequen 2 downm xi ng st ep are only

carried out on the heehuingh s ‘hd%‘é‘rlomhbbr{é\ﬂm&lll%e WWrﬁié’Wdi swigrbper al |y | ower

after the downmi xi rﬂﬂlnslmfﬂsrh'(ﬁidel&xhgcuﬁﬁmﬂé;s@-h!trgﬂﬁh FROP L8t yll(lq{l(, Al
pr ocessi ng steps subsequent to t downmi xi n tp i's reduced by at |east

the rati'd of input °%HantRIEeEY Ugpt e %’fﬁaﬁhéﬂl%@“y f@@lll'MJ]UASl i PESEPpI e,
consider a 5.0 channglind@y &fwereo downinix. In this case, the
30conput ati onal conpl exity of any subsequent processing step will he

reduced byomp@r oxi maduay a8 khaat 86wk, Bi ﬂrst:w%véﬁng the short-length transform
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 cocfficients.

[00159)  Up-mix
Il 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] 1PNP
Blocks that are subject Lo transient pre-noise processing (TPNP) 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.



[ 00155] Time domain (1'D) downm xing is used in typical E-AC-3 decoders and
in the enbodi ments descri bed above and illustrated with FIGS. $A and 6.
There are three main reasons that typical E-AC 3 decoders use tine donmain
downm xi ngwo[00i1HwHéde7 Channel s with different bl ock typeschRepgneizeg on the

t o- be- encoded audi o content, an 13-AC- 3 encoder can choose between two
different block types - short block and | ong block - to segnent the audio
data. Harnmonic, slowy changing audio data is typically segnented and

encoded using Iong Dliee#s o Whedaas dobansd ieRincSh@nadlrs aliBpsegaatigd and
encoded in short blocks. As a result, the frequency domain 10representation

of short blocks andT'IRGbPEKEM I RoAdisHEY AR f er ent and cannot be
conmbined in fre uency. domai n downmi xi ng operation. [00157]Only after the
bl ock type sﬁé ﬂqf%“ﬁWé@&Wﬂ@gQW@ﬁ§qﬁ?%yﬁWH@Hé“@H“@ﬁéma@éﬁﬁémuﬂﬁhe channel s

can he m X{S@I 6tipgqthb ﬁwcmér b H%og?n 7¢ fd ahﬁm&a‘ﬁ in I%OSL LO(R(E[ au do s%ndp utsaht 1[ g‘tﬂl% orng, a

different partial 1 nverse transform process results 150f
the two d&i ff'é@%rwpetlfnan@ﬁmaﬁﬁo%ahthetlmbelh@hme@cttha} tl@omw cledelurint»ﬁdcnqyust prior

to the wi ndo(\l%lﬂi@(gﬁvnml; Q%&JJ(W&E@(Q%O% L@drl(‘ﬂ)%’\@l’th@&ly}ﬁ}{ %ICcﬂf ?Jjul le(q1§ t

converting the short-length transformdata to the requency domai n
data, in whi@HRaseerete doWnarngisat)ber learmuldeaie tinn demen f r equency

domai n. Neveddihal 88Sas ck&lm%mkmwmﬂdﬁQ\Qd%bcg&&s”p| ement ations, downmi xi ng
is carried out post inverse transform ng according to dOMﬂﬁlXIng

coef fi ci enbgiszf 0§ %ﬁ%&un‘ejﬂs UP e ﬁlgsuﬁth@vcﬂtwmﬁd‘luc@fd()@ﬁm&%ﬁetlﬁaknﬂpcﬁaﬁg%
14>N naln HIXIng

hi gher than t he nunb i nput mai n channel s

appr oach'% s %@ﬁ@FW@Fﬁﬁby%@diwwgl%ﬁ@é@“%%ﬁ%%ﬂd%ﬂmﬁkF?&P%ﬁ%mﬁ*@mawds t he end
of the processinigking 8GUGhNGedubtyURE U()»Qlfnnxmfc, 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 operales (o determine whether (o

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]  FIG. 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, cach 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 thesc 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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channel s in processing. 1001601 el PN? Bl ocks that are subject to transient
pre-noi se processing (I PNP) may not be downini xed in the frequency donain,
because WNW operates in the tinme 30domain. TPNP requires a history of up to
four bl ocksyoofoi1PGMedat a (1024 sanpl es), which nust be picgagniifmEsst he
channel in which TPNP is applied. Swtching to tinme domain downm x is
hence necessary to 1111 up the PCM data history and to performthe

pre-noi se substitution. Hybrid downm xi ng using both frequency domain and

tinw donai pothByni fredieney dARLOddviliBix infMeRt QLS fiecRaniZ e ihatl channel s in
nost coded audi o S|‘gnal s. use the sane 5block typo for nore than 90% of the

time. That means th3HfMEHES4SY BPeRMfse P%‘h‘tnwﬂ%‘ﬁﬂ%ﬁ%‘?‘“ﬂb‘ﬁ&ll\{?“dwm xi ng woul d

work for more than BE6ady abh@mda\tvﬁnaxnmw]@Iagalmms:ladm@laemn o R&SEHA, Ng there
is no TPNP. The renai ni ng{l‘nlo0 woul d require tinme domai n downm xi ng

as occurs in typicaf*"Bti" S“é‘?“tlo%“ Alﬁié ¢ Faesy %’lwllf‘ﬁé’f@%“‘%é‘&? HEft s of the
present imvention itgd M&lrd@mmmumn&mdsaa} lﬂ&ﬂ{ll@lﬁhﬂﬂl@(gdhﬁutamlydet erm ne

bl ock- by bllock whi Cj' c,( m momn &Lama[;[ p)w In; (adl?glp than monl?o 1 1110(1115“3 1sooma'i n
ot VG Ay
downmi xi ng | ogic, an I'n downni’x t he

particul ar downmi xi degls mvetb In@dusalsa apxpraeipcmtacﬂ mth m@ rammhdgzl 1®ndmmhg,rrent
i ncl udes determ ni bl hl.e ;frequency domain

downm xi ng or tine mX| m x method sel ection | ogi c

operates tg, erlm Rer &k %& troflsi (?nalB ofd{nf%%ﬁ?ﬂl%éﬁ ?arﬁ%urhmdp?e"‘c"ﬂcﬁ" xing or
& PP T her

time domain m X1 ng, and inc ermn ny® t r ansi ent
pm noi sel%r OCGSSI ngbloahebudlévelcmymlpmgmldf)wanly mﬁvlltcheaSNtlteh)amhellmmﬂal\/e a

di fferent block LY P8itre] p’tﬁlﬁye% ?J’)é(pl 110 «Q%Fulcgl%@rmdﬁ'ﬁgon la"&ldrts(u%glf ncy domai n

downm xing is to be appl for a blo that has’'the sarre f'ock type
in the N channels, mdel amﬂ%htwﬂlhm@khfélnsewmd@@e@@@l wgh caan, dgaN,

regularly reoccurring events, e.g. program changes such as fading out

channels.

15 [00167]  Furthermore, the modules that are in FIG. 5A might behave differently in
embodiments that include hybrid downmixing, i.e., both FI) and TD downmixing

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 cach 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) ascerlaining il 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, l'or the case of TD downmixing, and also for I'D downmixed data, the
process includes for cach channel: (i) processing differently blocks o be TD downmixed
in the case the previous block was I'D 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 'I'PNP and downmixing to the

appropriate output channel.
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20 [00163] FIG 513 shows a sinplified block diagram of one enbodi ments or
a back-end decode nodul e 520 inplenented as a set of instructions stored in
a nenory that when executed causes BED processing to be carried out. EEG
5B al so shews2opssudecode for instructions for the back-pendsdaeegds;snodul e
520. The BED nodul e 520 i ncludes the nodul es shown in FIG 5A that only use
ti me domai n downm xi ng, and the foll ow ng 25addi ti onal nodul es, each
including instructions, some such instructions being definitional: 1001641

Downmi x  mefobimd] seliect dnons fmapleah haw atba&KBIoEO701(cbhesphiab @andfowhhock type;

(ii) whether there i : o.true but rather upm Xing, and
(iii) mhetheP”?ﬂ% kb%ﬁnP§°gﬁ%ﬁﬁﬁ?”?%m“fwﬁmnﬁh%bC¥kﬁﬁh€“6% tH¥s& i s true,
sel ecting 30fl[flﬁﬂlld§,mﬁ(yd flitond oY UixdcRGhe dhRTISW PRAD ovGikikih@BraRUt72 1

deternlnlng whet her to y frequency domai n downm xi ng or
time domain g*@?ﬂgl9?F@ﬁY@%f‘?F@&W@ﬁéyoﬁﬁﬁﬁ?H”Hbﬁﬂh?%Qﬁﬂﬂﬁle t hat
carries aut, m&ﬁ&enm&mﬂﬁﬂﬁﬂbwa@mmnmbﬁmhh&d%ﬁﬁDMSﬁﬁﬁmbM[B&Qﬁﬂemhgd frequency

?gg?hgegogmt 1>&pss ng !ﬁ\lodtm 71’41 n,nound /1&&3131%3 S5 X)onc £s. quilaécglog U|dﬁ| g‘l tsﬁat
checks mheth@ﬁd(ﬁénpn@@ed@hgxbhmmmuusem&bbdeTﬁomukmOdQMkhiﬂm&X i n which
addi i on, e R Aaat @ e K TR B iDL SRR Cpe "
associ at ed whﬁ%h@é?iHﬁhWDM@H%mégﬂ%@gVV1h@@@@@ﬁhﬂmgm€ved@@ﬂn@ﬂgmnprogram
changes guchpagsf AdiDgiQhies %Qﬁ-ﬂ{ﬁgh% and Q)Qé@ﬁllﬁ@nél Ql«,;l-&)mgﬁ)\é@g[ pxaﬁl[s@dnSI tion

| ogi ¢ nodul e that checks whet her "the precedi ng bl ock use requency domain
downi ni x, i nPXMPINE Axkeative O e wingiRgngided i et etirsijionlseidéloel | bed in

nmor e det ai | ’bl%'t@%tednﬂlca@ld!htﬂ tﬁanm\tulﬂﬁ blot AR S ﬁl@)&ﬂuh 9}gll§ dBWIQMLu%g aL$R deals with
pr ocessi ng St eps associ ated with certai n, non. regu ar | y reoccur ri ng

events, e.g.PProgH h?@ﬂﬁﬁb@%“%@dﬁdéﬁo?%BPﬁdn%th%H&hﬂ@$§mC@ggPGG§B7]

Fur t her mor e, asttihengmditagsld Pat daariew iaflerfileGD &AM ghinshiehaye dsifernently in
enbodlne%ts t hat incl ude %ﬂ (g gﬁWﬂﬁlXIng, i.e., both ED and TD downm xi ng
dependi ng on*“BHEBPOHIPESY s for the current block. 100168]
Referrlngdé hﬂe ﬂseudocode of FIG _5B, sone enbodi nents of the back end
decodi ng et HBY i b?ﬁﬂ@“”ﬁ?f@F%PFéhg@é??Wﬁg”WﬁéAHﬁ%%ﬂ%?éﬁ“ﬁ?bh%h%f bl ocks
from exter nadun&@manmwssa@c elfct raiiel nge Wl @ be kA aMMAEL XiddGie @%in TD
downmi xi ng. For. ED do r each chanpel, the nmethod includes (i)

appl yi ng dyn4R% Phyga (EHWI gpwéﬁﬁﬂﬁ1596§”W0PHEﬁW?5FHBW1mb6P as di scussed

bel ow, dis abdmmgmg:a; Wodka i dngfhr tl(en lijne odipbecdiNguBAidcBaasnpyrexponent s;
(rii) cq{rylg Sﬂ Cl;hmbﬁgnmndo qnd (iv) ascertaining if there are fadlng
out charnel &6 1 F ‘Tha b avib{e™ B 8% was downni xed by time domain

25downmi xi &ﬂ’ﬂ I ”11’8“ spovrs cHﬁiWLlclll(&%’;lP(flhe lélggt (I)Isfo%%gnlaﬁwﬁf\Q di ff erently as

descri bed |n re détai “8ﬁd al so for
| D downnlxednd@haucchdupm@dem$n1WCﬂﬂdmsﬂbwdmeaqhumhammekmO@sympmmce55|ng

Conne vy 2O R0 nfe IR APUMMAES LIS LSRR8 IR BLINAR, D1 or e O

downm xed an rogram c ermning the
i nver se tradﬁ@é?ﬁﬂewmhvimﬂmﬂﬁ%ﬁmgnb@ksmMmm6Mumv@mhap&aﬂd»%$mamdxnln t he

case Of g5 Dot Nhen § k) rRBELPETN DI AMEENS TR AONAR X4HO to the
appropri ate output channe
downmixing logic swuon 721 that includes a I'D 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 FDD downmixing processing section 711 that includes a frequency

domain downmix process that disables gain ranging, and for each channel, denormalizes
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[00169] FIG 7 shows a sinple data flow diagram Block 701 corresponds to
the downm x nethod selection logic that tests for the three conditions:

bl ock type change, 'MP, or upm xing, and any condition is true, directs the
dat al | ow t womeTidodkawnm Xi ng branch 721 that includes i pctA3201Rogemnm X
transition logic to process differently a block that. 5occurs inmediately
follow ng a bl ock processed by FD downm xi ng, program change processing,
and in 725 &normalizing the manti ssa by exponents. The datafl ow after bl ock

721 is pr OCES)Sﬁdnlbs}{as@@ﬂkﬁbﬂuﬁll&ﬂ@ﬁﬁiﬁﬁ@ut blb@@\kﬂﬂ?@lnL .and § rblswalemni ni x met hod
sel ection | ogqi the block is for H_ downm xing

ogi c. bl oc tests determne
t he datafl omﬂ%’i‘*'éﬁﬁ%ﬁ’é’é S‘t‘“ém‘?—'il)s ‘88&/&1‘%%%@”“{)\}‘%@&%‘ IRy PrRYiops piRg Whetfief udes a
frequency dommiens :commi ﬁaungl.ﬁhtlaf(zs)ﬁﬁl&s tlﬁib&viobﬁ[ﬁlo&hv&@bfo&%s@@yrFDr angi ng, and

for each channel &nor Zes ti.ssa xponents and carries out FD
downmi xi ng, ANt dmg“%bd%‘o\/vrﬁ) KR ST‘“? &rlfg’%{‘] fiserdy K ‘E’V@(?W ag‘i’éh“tg) YK ne

whet her tshe pzrrewmm%mlml 16 ks was sqomﬁﬁﬂs]s:mdmbyssdng Jog@awnioh X3 INYhe @NGhdh0 process
changes, | suchoas fadlne st EHaNAS SR RE TR B arv e B TD downn x
transition bfugbd tl?hullsnmls ptoovsmlng 11159atrh@ ([@oTivORINprecess lmgldtblund(kng731 [ 00170]
The common pé 9r91ea§g§ihé19n(p\!v199(%yu¥g31’lnd OO& ¢1Pq8(§ &Y&ﬁgsﬁb @192? (E)I’ irﬂl zgmgrl% any
further tinme domal n processi ng. onai n proces i'ng includes
undoi ng gai ndyangting thbéwdlwn@@wmmacwlmeﬂla@soamdupmdé@gl ng. If the

bl ock |s1of romL(Q@ngTQdqQI\énablml;gUMnQng%k 721, t_he furt he_r time d_omai n
processing further includes any TM 20processing and time domain

downmi Xi nQO01[7QP1?\ﬂ@L LITQ atté R qy\%)v@mﬁ %’Wlh‘ﬂé Il]ﬁ(agwfﬂp u’ﬁ‘&ﬁ%ﬁ II%O dse8 ()ﬁ of

processing for a back-end e suc e one wn 1n HG 7. The
flowchart it7!gamsit. |“€?rié'dlb9tso1 fropy chomncls B ip bet tore Uegprmpe peheriameeo puiper al s used

as in 11(i. Jlaﬁ&[s M sBiafihe [ERRAGL VR ptdé&@ﬁ%%@althe%c@f!s n@\h &)In%%s a_downmi X
nmet hod sel ection | ogic section 701 logical flag FD dimis 25

used to |nd|1?}8‘t°é5‘W%3ﬂ° yeclgnyzi 1%Lr*éﬁﬁéﬁ@ylywaﬁw%wa@ww ABS télmuséﬂ for the
bl ock; asTD ﬂﬂmmmmmﬂguilmglm 5064 hOHmd &Jlninh@dwnhﬂﬁﬁngﬁ?l& @ralfiohn dzi@an X
transition | 0g gg} %oq{ am change | ogi c section 723 to proce

differently & ‘6‘1’“6 k RAF e B enyinndtaing HpSF s PRI H@Wf&mw Cslk‘dbpacessed by
FD downmi xi n@mnmlmm1r>ws QL9 prse@ioam ShangeePso6esisbMEhse aNbe B ugaACt i on to
denormal i ze E% il ssa b .eglp} ents.for each input channel. The dataflow
30after bl oc(k i ‘”bt”B’(Q, %‘8 ”bc(}wﬁmlf%’}ﬁmn processing section 731. If the

downm x net hod sel ecti gn | ogic block 701 determ nes the block is for 11)
downni xi ng, CRESHYLSMABYE br anches to 1) downni xi ng processing section 711

that i ngo‘{&ﬁ%iﬂa flr{ (?Lg&{ﬁﬁ%){ quQPRLa L@%V‘M%’Ho&h%df?%?o%%&@@e1 a%u? gl}t}ckgslq gal n

ranging, and for each channe nor mal i zes i ssas exponents and
carries out AZD adbiam %‘ﬂ%gm%nzjmathml@s@owwﬁaams#camsqsza“oﬁﬁ)%i ogilwpgect i on 715

to determ neyber, ‘BRE, thﬁs mﬁ%&%'ﬂn@i o RE lﬁ)&@vthquﬁ ‘S@]%Q)Q!ﬁlawghhﬁrpl&%@e is a
channel fadi ng out . E)(pr evi ous bl ock was processed by Ti)

downmi xi ng, ‘Afe ‘t”d“ﬁfhé’d]é%‘s ‘l’s“{}c%”é?“ VBexRerap fotglzbeml}oyfmgp wk H’d{“atﬁlrlbw after the

TD downf fi i XdobfamaR&hd duddisREE bOMe FrbRni iSvdnol RE 0 &AM ALIABNPMRRAERSSI NG | 0gi €
section 731 The CO][HL]I Q,v

an ovulap add buffer. When processing a present block, the overlap-add buffer contains

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

between audio blocks, logic is included to handle diffcrcntly transitions from 'I'D

;;;;;

[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: leflt, center, right, lelt 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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processing logic section 731 includes for each channel inverse transform ng

and any further tinme domain processing. 'the further time domain processing

i ncl udes undoi ng gain ranging, and w ndow ng and overlap-add processing. If

FD dna i is 74} jom?zljuggbi ng T_IQBﬂlgwnm' xing, the Lu;j[ herdl i n’_@cqldmgmmmggces& ng

in 731 al so includes any processing an i me domai n downm Xxi ng.

[00172] Note that after the FD downm xing, in thedownm x transition |ogic

section 715, in 817, the nunber of input channels Nis set to be (he sane

as the nunbersspf 10ubpyc chaanek& M +c1Soadihat the remai Inde_r of (he a1 i

processing, e.g.,, the processing in comon processing logic section 731 is

carried out onl y1%%’4“P‘HE“LdlB%ﬁ’ili&ébég’gf“alwhi S reducefs tEe éSam)]chnt ofh

i on, [ ind i Xi t ata fromthe

b evi ous. BPBERI i S Herec & AT TSP B PPbih bl BEREHAE uas TD

downmi xed- SUﬂabrcEﬁnDﬁ tl@QMK_ﬂim&(ﬁlxﬂﬁsh(ﬁf hw-qs;sk.a{a% &f}*&oﬁtﬁl a_ﬁ@s%’c.in@lﬂg ?Q]i@ht&ﬁ@@%hkvme?nio;it non

Transi ti on_ RRARIG: 2017 DTS FHtacbdI LoD 1l E HebestuPy 5 Have oot h

transitions fegurendaudiugpobd ek is prHcessBChB TB AW AR OIS k-aneeding nmet hods
0, I I

PRt T T O T B AN A

furthernore, scbin éoreachi dif he i@ &0mdvey Hagss, Wictdowtihixifealobsowt @ngfﬂnn)bméxid nI the tine

domai n. Sone i o r Slnvent | overl ap-a ogi ¢

t hat i ncl udelshgg%gﬁ&%gg?%l i”&hggg%fds gl‘rc?BBW{;%{%E%%%S%%?(%&&\& affrlgésoent bl ock, the

over | ap-#dd duwnimeredd orddl’ plsngat ahfle lonihe He dpwevikglidodgudi Blibhddsh! Because it

I's necessary.mhe - L Skd 41§ eV Qe AGkKS, 10gic is
included to ﬁ%%ld Inglygllc f§ lggggﬁt%o&ﬁ?r labniélgﬁgggﬂlﬁ{?o rr?@%gt(%ol% m&m Il’llg to ID

downni xi ng, &NERRRRRI] he Howih ikl K dgntebdarpuesnprad Ringg hee@OOr4diEPG. 9 shows
an exanpl e Ofe RRERSIS! MGkpbdiM@aLhALIKS, is ARDALEheASwRINAGKoky 1Tk +1, 30k+4 of
five channel audio including as is common: |eft, center, right, left
surround and!UGHExIRLP B R R RA s e Fpetegnaiking o D Rwipginggnd RS,
respecti veI%)é, and downm xing to a stereo mx using the formula: WO
2011/ 1026d9BETY UE¥H 19 opsbadhccan 1t 5% eTalapngd putsidenorerpseovedgp-add sl - 1- 01, S,
and carried out by overlap-add decoding using an overlap-add buffer. In this diagram, when

the data block is shown as two triangles, the lower lelt triangle is data in the overlap-add

buffer from the previous block, while the top right triangle shows the data from the

current block.

20 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

1D downmixing block. After the TD downmixing, the overlap-add buffer contains the 1.,
C, R, LS, and RS data from the last block which needs (o be included for the present
block. Also included is the current block k+1’s contribution, already D 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. For 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 FID downmix

module shown in I'IG. 5B. The processing carried out therein is summarized in the TD
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Ri ght. output denoted R = aC4-bR+cRS. [001761 FIG 9 supposes that a
non-overl apped transformis used. Each rectangle represents the audio
contents of a block. The horizontal axes Fromleft to right. represents 5
t he bl ockswg, 20krdh2zand t he vertical axes fromtop to botic@rss@apogsgnt s the
decodi ng progress of data. Suppose block k is processed by |I'D downm xi ng,
bl ocks k+1 and k+2 processed by HD downi ni xi ng, and bl ocks k+3 and k+4 by
"I"l1l downm xi ng. As can be seen, for each of the Ti) downm xi ng bl ocks,

t he downmi xi &Wnﬁiﬁﬁﬁaxﬂﬂbn Q)@El:!écutjﬂVH()iai@ & It h@e UdATB (ARABA Rand PYWNOE X ne
towards the pﬁtdgoml ’ §5 ich the con ents are the 10downtnixed I.' and R
channel s, ESF ™ th éﬁwﬂ%”ﬁ‘ﬁi“ﬁ?@dm dgck, the left and right channels in

the frequ omai re already d m xed after frequency donai.n

downmi x?ng,%%iﬁg t heq@% OPVe “‘!9345 B%ﬁﬂé@ “CHRYO QyeEar- @‘H‘dﬁ’%‘é““%f‘%%ﬁ there is
no overl ap between dik QMmflnglml(Bﬁa&ipaiddCLEU?)?IH&&{IIHQLUB\gob@ulrtﬁﬁlllﬂhé ed when
switching from TD down m Xi downm xjng to ID
downr ni x%ng 15 [Ocﬁ“fji‘]p X]fliﬂ’% ;Jh‘%l’eéll‘frl daig ﬁ‘gh‘clﬁkvéoué 0?50@ higFicBped
transforns. Supposehawerjraptoaiddninkigadvdriaplb@teh ndy coavarskapesadd decodi ng

usi ng an overl ap-add buffer. In this diagram when the data block is shown
as two trifecigbes, theekawei ddvﬁfnhx thic iPEOdae: fr@n dabrlupbdthe Wyaekh.ap- add buffer
front the previous the to ngl e shows the data from

tr
the current block. ' g%ﬁgll |ond11‘§lﬁ%ﬂx hge Pg?“o‘é?bf‘b?duo oi nk: to ID dosyni nix

transiti o 711 Con5| d .whi ch bl ock t hat

i medi at e %Q | one TEUTY (811 %ﬂ?ﬁ)‘% Wy Ob'}{\gﬁ‘té’“ d%?flf(é]? hf AT \Ag’q]‘(ﬁcévﬁ%iyﬁ“hg, t he
over | ap- @dd buf f er tcoint@densndfbver dngl (€1 nky ddia Hier HlndO\RSm@lag andin@met he | ast
Hock which needs t Qr 19 nnﬁto%ggglpfa&q Id)% {}eo% Lndo“ang 1nd Oé%%P dé(p ax[ld'jded 's the

current bl ock's contribution wnim xe 0 properly
det er mi ne t he downrsxeth PONVhadawalafage gagtapiCM ot &f theidd porvesents tid ock' s and
the previous block' g, data.needs to be included. Fur this, the previous
bl ock's data needs to be flushed out and, since it is not yet downm xed,

downm xed pfighhe .t IR FATRA Ny mﬁgmo&m&zw b APRBE 2R E00EH 1O

determ ne the downm xed PCM or out hi's process i ncluded in
the TD déwnni x trad$iM pwptl ogi ¢ 715 of FI GS. 7 30and 8, and by the code in

the Ti) downinix transition |logic included in thedownm x nodul e shown in HU
513. The pPYH8&ssNaly tevaprdanatieroai cinlbpeivednh ajsgmgatheervzed TPNP fihke TD - downni x

transition |19«9J1&Js %%@lg 't]QQlat?twtth)wﬁEﬁl) d(ﬁt bu 1@13qud%r»u1§&§d Itl eaéli%?ﬂf uf?ln handl i ng

for a TD downm x to 11) downm x transition Inc ush out
overl ap buf f‘%?lb@“‘l?jy‘S PaBEneP Akt dosvnpted oppeichanpeladdislapgiisoneadink loamryi ng out

wi ndowi ng ang AV&LHaPi@ARkrafGRRY: hdh&rdvidis BRt QuineP ¥ RRELS:L AMid DB ca

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 carlier stages, e.g., prior to TD downmixing contain
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5overl ap-add logic. "Ibis is the PCM data of the previous block of the
particul ar channel prior to downm xing. Overlap buffer now contains zeroes.
[ 00180] Ti ne domai n downmi x the PCM data fromthe overlap buffers to

gener at e PoM dav@me? the TD downm x of the previous bl eekwsdQ9dBdkFr equency
domai n downm x of the new data fromthe current block. Carry out tothe

i nverse transformand feed new data after I D downm xi ng and i nverse
transforminto overlap-add logic. Carry out. w ndowi ng and overl ap-add, and

so forth wi tﬁlu tidven il s (Elattlﬁithtqbitgﬁﬂlﬁglﬁkﬂanﬁ)@wldﬂ’(ﬁﬂ(ﬁldﬂtfm Ull@%tllanlg[Ql\éﬂml?é of the
current bl oc Add t he PCM dat a he '11) downm x and of the

17D downni X ‘t”é’ “Ye bﬁmoégéf%m‘il%ﬁ&f\?l db‘u‘?"bﬂ‘f"”[“ﬁﬁi‘ Tl “N@t‘@“ fHéfPW'i’%‘X‘éﬁ lapidgr nat e
enbodi nent , agsyailngdrher eewasnnBecdRNR du@ (dreppr B)h @xusgmblinom&k ddne data in
he over b AEH BHLTRLE, e SorIatet e AT, Sust Lo 8 peration 15
an over| ap- adde ﬁp@ﬁaoutdmafmuealow ‘p(lfdﬁl\/ﬂb&USO td @ekntchanned I.lllltFwnﬁdhﬁ!' nore, as
gg??relsggﬁdlz?\(aﬁg@%g tJ QL ; n'g‘glscbu ﬂ?ﬁ» c]g’&%f‘ AR 1?511@8 )ut;{]%) é?tuimém’d]éegngnldt \?\/I ndowed
and conbi neddqmnmédi‘ﬁb/bdd%l@ @@Mtddjtsmmwwagrphmmdudi hlehajmmmmwper ation is

si nmpl er becaysg; b f 1 8 s rat her n.256. Thi s
aspect r edu?es‘gkl{zl[gﬁggZR@%éﬁ%% @El f] (k)na H{% L%ﬁ 4 ‘?‘Ugt)ek)wmmx Uanshé)rn 2( “to the
transition pretEssprgin l%e‘ﬂbflmleowbwgsp@md elnﬂwdﬂtmemmmpngd mahqiartl cul ar

bl ock that |&warddlhsidonapt x&dof #hleMng @ nRLeO&Km"‘QQLﬁl‘Rchﬂ&@dé’l@)ﬁm

downni xed, the transition processing Includes applying dowm Xi in the
pseudo-ti me 'doiariirt 6 ek optatighanelt asiperdipdling fesaddkdawmatx g o be

over | apped wdhhnt:henndesodedidat a of the particular block. Transition
handling for a ID downinix to 'ID downm x transition. [00184] Consider

bl ock k+3 futbeih - 1T Bedoun pirting, RLAgkOR, LUTRAEEmclbats a SOFt)

downm xi ng bl ock k+2. Because the previous block was a
downni xi ng bl ock, CHeVBIRHMEEI QudlaBEed EpPwthe pHent ddp 1k evpyPEyERulfer g. | prior

to TD downm xi ng cant @i ludhbieo @ QWRIMOM dadlat Be IR abgnik 6f dhe éﬂgus” ght
channel s, and no d%{zkl n the other channels. The current %

contributions are dORARTRR AR LY CNFEE e TD downni xi ng I n order to
properly i@t gﬁm ne the downtnixed PCIV1 data for output., both the present
bl ock’ s~ ant 'Bfle pr &¢rH0Y hieEe Koy aag ohbe pry fag abe ayaprflog LRSIt hi s, t he
previ ous bl ock's d@teaddﬂﬂﬁﬁl&ng Oather Lﬁd dlhﬁbl&@l@@kltFwJ bes RHeSRMomBh Ak S data
needs to be downmi Eg {}\% 1the t| g nd added to the inverse
transformed data t hat™" E(’f‘}“dglﬁ O(‘M gl W&¥er mi ne the downi ni xed PCM dat a
for out %F@1ggl S proce55| ng,is included in the FD downm x transition |ogic
723 of 154 ahd ‘81 SHG Bl v insend g3 HeNIED By ket I dewmaHs PR on | ogi ¢
nmodul e shown in HOhcHdd ddlIh‘l@lllD]i(QﬁlﬁStﬁleb@k akhdr@droMtaatRemeirD dosnsmmar i zed
in the FD downm x tpan ogic section 723 of FIG S. In nore detail,
assum ng there are ou

f blmuntolqock

[00188] - Addthe PCM data of the T downmix and of the FI) downmix to generate
PCM output.

25 [00189]  In addition (o 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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PCM buffers for each output channel, transition handling for a FD downi ni x
to 'ID downm x transition includes: 100185] Fl ush the overlap buffers by
feeding zeros into overlap-add |logic and carrying out wi ndowi ng and

over | ap- addo Copydshe out put into the output PCM buffepcrlhgdasssf| ushed
out is the PCM data of the FD downm x of the previous block. The overl ap
buf fer now contains zeros. [00186]tt Carry out inverse transionning of the
new data of the current block to generate pre- downini xi ng data of the

current blogioo] Fewdz Lﬁh't]ﬁ: OGN el ST 1100k am@@mom@&eIihetm&iaéifmmm nto the
over | ap- add out w ndow ng and over ap-add, TPNP if

0187]

any, and TD ‘hﬁ‘f&)ﬁ?ﬁ SQS'WS%HO’{ l?fé%%‘é{%/‘%l]“?ér%‘rﬁptuﬁé‘”éﬂ FEHDS | “B&Ho‘t‘@ gener at e
PGA dat a of d¢Hamelsliide dl@WElﬂthLO[ﬁuqhhﬁy Guﬁ:ﬁﬁﬂ&w@hfz)ﬁkldﬂ;ﬁ@J.lﬁglaé\ddhffel’iﬁu PCN1 dat a
of the I') dowatni x and of the IP mln\flq‘f 0 %ene ate PCM out put. 25
[00189]i n addi't o gt“l‘it1 r“a“hss‘ﬁ‘“‘i"l vl indie dYeRRUEERgh? JEMsh ?P“ﬁ‘bi to frequency
domai n  dowreiiciegls, tusepgrvaming hdogesixar e handl ed in the tinme domain downm x
transition |logic and program change handl er. Newl y energi ng channels are
aut onat i camwﬂ nmh Mdetdlnhlﬁmtillnﬁludamionﬂm E]’)'Idovhﬁmﬁi&g eicR@tion®ads any speci al
treat nent. m? «,d such mtcfh«, nnlﬁx 1um laﬂn ns §W§ At‘f i' nx't he nﬂi‘%{‘ gl‘ ogram need to
be faded out. This is carrie SR G DR R4 5Tin FIG 8
for the FD CK(DMKMWOM(ngﬂﬂlasmnnb);hdfchmbﬂl ng out the overlap buffers of the
fadi ng channels. Flushing out is carried out by feeding zeros into the
over | ap- add Tiogidomamdiccaifivih@gitb dhiangikisridewimbgngamerfioies hapn@ddr [ 00190]
Not e thato t hepfitiomesdadinghown and in some enbodi nents, the Frequency domain
downm x |l ogi c section 711 includes disabling the opti onal gai n rangi ng
feature fdPOIZRl LlAAMEINS emgeathieacplprgbles. P&%W@cw@mua@ﬁmmw@%@mm X.
Channel s mayfohawieredint &&mmm@@uﬂs HRN@i 6 AL BOBAES gy Ml ©eniyul d 1 nduce
di fferent, 0({cyal i ng %f a.c hannel ' s spectral coefficients, thus preventing a

[ R P4

cl ownmi x. R Pf‘é’f“‘rlné‘f“id{}‘é?n‘i M&F"@ﬁéﬁ”l‘&‘?‘rlﬁh‘”“ﬁ%atﬁ‘f* 'Y xi ng | ogi ¢
section 711 tiSoriwgdicfdoeamisucdtfitityad fot fieintd Rkvmem of all gains is used to
performgain ranging for a (frequency domai n) downm xed channel . Ti me
domai n deyoomx nghw, thb d@\hﬁﬂgﬂn@godﬂﬁlmicﬁﬁ ﬂ@ngﬂﬁf&ﬁc tIn@l ¥MEShand dﬂ!ﬂﬁi@ef or
10explicit Cross f adi Qq % @vvnm Xi ng n create, Sever@ H@robl ens.
Different dowdid ¥ bttt H‘é“xﬁllééo T‘T%ﬂtofidf‘“of‘ schplideaPRRiesrY Rttt ances,

t hus, the dawndatxshodebé crossemies fmyha@ededo ihehangesedynam cal | y based on
signal conditions. Metadata paraneters are available that allow tailoring

t he downnijeoiegef Wiech entisnikiag isepticdalt it @ ﬂlsqLﬁncylﬁm[uQQﬂ:@Ql}o intohug, the
downnmi xi ng C(%efd‘l Cl can chan e range Coin a

first set of downn ﬁmﬁnm%%léf %50¢t BhtS “ﬁ A(”t : geg&)”hdu% at ® %ﬁ)fw “d‘bm
coef fi cient sqowmhleumjgas amsdnloml. pzhob@ thd’ w&sle\f/iagimﬂ overtimatiheperdlivss Thes et t o the
second set. 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-Tading 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]  Inthe case of time domain downmixing and transient pre-noise processing
(I'PNP), 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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[ 00194] When downmi xing is carried out in the frequency domain, and also in
many decoder inplenentations, e.g., in a prior art AC 3 decoder, such as
shown in FIG 1, the 20downni xing is carried out prior to the w ndowi ng and
over | ap- adsvooperaticons. The advantage of carrying out dewnispixwisgssi n t he
frequency domain, or in the ti nme domain prior to wi ndowi ng and overl ap-add
is that there is inherent cross-fading as a result of the overl ap-add
operations. Hence, in many known AC-3 decoders and decodi ng nethods in

whi ch the dowmioxineg.iNDCaS d‘ah@l(ﬁlgD outwindowin @nybvReprddonmiying afitagy | nver se

f he. h dd
ol enent at | BHS TR Pu E S TaBIT e (o k b «t@aﬁ@?abéﬁé%angﬁ8m@w§52] 'n ihe
case, of tj omai n, dow X|n and transient pre-nojise processing
(113N1P), ﬂpﬁﬁqﬁﬁ aE&M agee ‘mo‘r‘fé}” TR Lol R\ lh‘lL‘c“r%lﬂ%%f’é?ﬂl‘léﬁ’r‘ arnigrsd
processing deﬁ@dhmgnm&m&adubygpn@gnﬁﬂmghamgenms&m&annmmgmmunﬁuamz 1
decoder. H % qh L gent i nvention, when downm xi ng
is carried oU?“mHC%WgAP N ma“‘OT “ﬁﬁﬁﬂ” N@“F Ysed, tinme domain downni xi ng

is carried 8#5 af er the w ndow n add er of processing

in the casQ b he dbnﬁmﬁ“ﬂ(hﬁﬁ?Q“W “°§qﬁ§§8“Mf§t°8?HW9”ﬁ§e "t he i nverse
WO 2011/ 10296xRECKA. DeSROMLL (11230 33g taeathahow mye ahytt N@enowt (hwiindowing and
overl ap-add, carrying out any transient pre-noise processing decoding (Ito
del ay), and tHeRadorsingeialicn m@vmlr«ﬁlxrilaqgs r-‘P oe%ﬁelmrwt@woh [id apagéve t he tine

domai n downmi xi.n quires, cro nd ~~current
downmi xi ng dapdmghm° nsd““b%V”i?ﬁf’ Dﬂ ”—6é$ 'j# ’-%P“&%ﬁﬁﬁ&&?ﬁg t abl es
to ensure 5t hakeanyin€hRNGRnl hadoWnMine uﬁ&lﬁ’fdflh&ﬂng Ble$ric@dne 1ROMOL:hed out.

new

100197, 10ne option is to so carry out cross-fade operation to conpute the
resultant cogfefitier eripPly Denot e by cid the mixing coefficient to use, where i
denotes the tine index of 256 tine donmain sanples, so that the range is
i:0,...,25@0“Eknoﬂ@=b@ﬂHnLHuiHSa—pagjﬁh#@ymﬁﬁﬂOM/function such that w2li +
w2[ 255 - =1 for 1=0,...,255. Denote by cw./ the pre- update m xing

coef ficienpomof byicheicH palatiesheMnkichdniGaeEibisGhRPberaddheine bR Serfi AdRs

are updated with the new, as ¢, « ¢

15 {00200}  In the next pass, if the coelficients are not updated,

[00201]  c[il=w’[i]- ¢, +w'[255-i]-¢c  =c

new new new "

[00202]  In other words, the influence of the old coefficient set is completely gone!

[00203] The inventors observed that in imany audio streams and downmixing situations,

mixing coeflicients do not often change. To improve the performance of the time domain

20 downmixing process, cmbodiments 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 (o 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 vses at least one x86 processor that executes SSE vector

instructions. The downmixing includes ascertaining if the new downmixing data are
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operation to apply is: 100198]cli] =tri255-i I.for i=0,...,255.

[ 00199] After each pass through the coefficient cross fade operation, the
old coefficient.s are updated with the new, as c",,c. 15 [00200]In the next
pass if thevacoef/fieeirents are not updated, [00201] del =lpar/i%011/03308202] 10 n
ot her words, the influence of the old coefficient set is conpletely gone!

[ 00203] The i nventors observed that in many audi o streans and downm Xi ng
situations, mxing coefficients do not. often change. '110 inprove the

per f or mance OmthedhbmﬂndmnﬂhmmzﬂqgmmmﬂXbWQNDM@QB@@imﬁﬂbﬂﬂhﬁ@ﬂ@ﬁnOf t he
time domain down n rtain if

downmi xi ng cogP??égen Knﬁgg%ﬁgﬁ"mdygm$?%ﬁ¥gﬁ'P%mdw%vggdg) Enﬁémdand if not,
to carry out ddownringisig, thelsynged doawneyxinaise 1mh1ahgeadwm@ L BASPnOUL  CT 0SS-

f adl ng Of t hﬁlnggqugi éudﬂg mr%fggglgn thleup\:‘[ﬂ%«t ﬁqu Orgugvljp)g/m};lg(ma d.dld alb uanlgh} l?(():{n pOSI tive

wi ndow funct i on. e same W ndow
function ‘s QSQHN@Ban@heMmAm@mmmﬂ@mdn@%dmenmap%@dﬁJ@b@mammon&;¢mn anot her
enbodi nment , di&fenantcmindow function i s used. 100204] FIG 11 shows
simplified pgéudécodg’ﬁg?lone enbodi nent of downm xi ng. The decoder for

such an e”boﬂkﬁﬁﬂﬁ%ﬂﬁﬁﬁmﬁ%uEEQ&%cﬂﬂ? x86 processor that executes S Sii

vector instruction wnm Xi ng i ncludes ascertaining if the new

downmi xi ngoctasR aneomdxmmn@ﬁgdnﬁxu@m R ioAidbadnOMaXden@adRt ot | T SO, the
downmi xi ng i ncl ettln (ﬁgfor runni ng SSE vector instructions on at

| east one of “%‘Wﬁ’”lﬁﬁ(él 6 HOHY RSB 8‘c‘é<§‘§3}l‘ S ARG RS RN IGNUST G Lt he
unchanged dowwai l)élsﬂago dad el ahahdedis AQ ixeeUtsh NP @é ddveast is8N&o LuNMeng SSI i
vector instr Hx% u510n of lg Dlel Xﬂannd hogl mtﬂl%w&%}y 19&8/\%2 rxrrllh)c(llurllt O 9}?2&1&%&1}%&1 aci? ged from
is the case for AC-3, or controlled by metadata, as is the case for E-AC-3. In E-AC-3, the
Ifemixleveode parameter determines whether or not the LFE channel is included in the
downmix. When the Ifemixleveode parameter is 0, the LFE channel is not included in the

15 downimix.

[00206] Recall that downmixing may be carried out in the frequency domain, in the
pseudo-time domain afier 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



5t he ol d downm xi ng data., the nethod includes determ ning cross-faded
downm Xilla data by cross-fadi ng operation. Excludi ng processi ng unneeded
data [00205] I n some downm xing situations, there is at |east one channel
t hat. doeswibrigontw’i bute to the downm xed out put. For mxambiep23sss nmany
cases of downm xing from5.1 audio to stereo, the 1 I C channel is not

i ncluded, so that the dowmmmx is 5.1 to 2.0. the exclusion of the LEE
channel fromthe downrni x may be inherent to the coding format, as is the
case for AC 8emor s¢hnbdsotilhedd4 iyl inetiadiatiaglsas dieqictihrangas@osd ohankelAGt 3. | n

F-AC-3, the term nes whether or not the 1.14E
channel is i nngﬁ'mdﬁgﬁ\& 9 Ry ovvnmnaéj()'(fLd l\g\ﬁ lOf‘fimnéf‘fen‘i x| evcode paraneter is O,
Ei(r)]\iﬂl:’lﬁ )](-ITEQ rr%t%?nqgownnnnn in cﬂfu ldlb pt tﬁldO ]Luné a()llécﬁl& ey g{glflé‘l%(vhw 1%2380ﬁ£ bgggﬁldlo- E Ih ?‘r;ts
domai n aft er béf mvelrus’enCE(mmﬁwdr)mﬂngabUtn ibéfeoine dbhem\afundlm/mmuam;ﬁwerl ap add

oper ati ony, Of 1d e \R{Aﬁo\%h d%Qm)nadg}cstkesr c(;m a[Lgneall% [[%ux,nt lzf.rplrp L%o ?Dcﬁlu?' frer t h.e
wi ndowi ng and over ap a oper tiron. Ps carri ed

out in nany Retorwn IEmapQpresgutdexddedess, suah@ls nlwlmlmeAerﬁx@dernosvnmﬁwtme
present, invendi 1@@@ut%ﬂtﬂu bs%u(ﬁ)dl‘{ﬁlcn(ﬁ(ﬁgﬁow% inftrd - dns@(ﬁﬁl%gﬁu(%fls aA%dg)l;JP sence of

TPNP, pseudo time domain downm xing Is carried out I'n man decoders
and in sone BABSERBNEN GPVERHEIng PREBINE. CanviRrRpie modples. iThe laﬂvs&nt ageous

because the @¥Rfhapr AddaLPRIAL LARARIOM HESpul Elﬂﬁﬁ{&sn"i h1§3fs9§1§pd(tﬁghﬂg that is
advant ageous for when downi ni xing coefficients ch an? frequency domain
)

25downm X1 ng 14 Varpilisgniobrcayst s Bresse abbel-Herranchpoppise E‘F]é@éln‘ﬂkl nventi on

when condi t i OR&sAtanbOM: is JOPZO AL M GEUET8d. hﬁsr ﬂn&easﬁfy%&@s@&!n‘jom| n
downm xing is the nost efficient downm xing it mnimzes the

nunber of i nV@FEELhesss syshiayan Bie bbb fharee! &HEI‘“Wé%qdé(ﬁltlaélét’lbﬁé‘#’at| ons

required to @Kﬁﬁhl&ﬁsfoﬁl lziwmhllrﬁl.hhﬁlu&s Isl'lﬁlﬂfh 601513u1m16}ﬂ @JHibﬁl'yméQdunpUt I'n
some enbodi ments of E,ﬁ% J (yg Ny LE downm xing is carried
out, e.g., inN ‘#?“Gfang“n PHE T \‘I\Hln?ﬁ x“H)”dp“ YEECPBHCIE in the | oop
that staras \Miﬂlhlbncel ﬁmﬁnﬁnbﬁdmﬁms ents plwduhn\&iluélonaﬂndudeI’idm&ﬂ’s?&ﬂgto& drim@d5 to the
next channel cha X ahé excluded in

the processi n%] - tﬂ)@%@l ‘Blo%ls Oﬂp‘”Nn “llprlf%]“elldll r“”tmrﬁl wﬁ%lgﬂﬁlé bR PSRRI n after
the inverse thramsfhardvedng ublaﬂmrceo thha/l wionglowihmgrela ntideower haje. adedmeor i n t he

time domain @Jlﬁogﬁnctng?ﬂni: ﬁ\élﬁﬂ)ﬁﬁg &sreglrﬂﬁ)ﬁx%tmn e.g., metadata that defines the

downmixing. In the 5.1 to 2.0 downmixing example, the LFE channel is so identified as a

20 non-contributing channel. Some embodiments of the invention include performing a
frequency to time transformation on cach channel which contributes (o the M.m output
channels, and not performing any frequency to time transformation on each identified
channel which does not contribute to the M.m channel signal. In the 5.1 to 2.0 example in
which the LFE channel does not contribute to the downmix, the inverse transform, e.g.,

25 an IMCDT is only carried out on the five full-bandwidth channels, so that the inverse
transform portion is carried out with roughly 16% reduction of (the computational
resources required 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]  Inmany 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 (o 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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5and the wi ndowi ng and overlap-add is | ess conputationally efficient, than
in the frequency domain. In many present day decoders, such as present-day
AC- 3 decoders, downnixing is carried out in the pseudo-tine domain. 'the

i nver se tr asfoor/meaperation is carried out independent Iperfusosmdoessn Xi ng
operation, e.g., in separate nodules. The inverse transformin such
decoders is carried out on all input. channels. This is conputationally
relatively inefficient, because, in the case of the lit channel not being
i ncl uded, t hehanmrensie istcoapafiniyislasieiyl ihergacdtiechuaiin thasd g 1¢annel . This
unnecessary pr I i cant becaus ven VVchanneI
is linited baﬁ%&ﬁﬁﬁi”génmuq“pncgﬁgb?%%%?gﬁavﬁgﬂg‘%ﬁ%ﬁ%‘”ﬁﬂ%af E#! channel
requires as wuchhmONpumammmm,amsamphywngnmhau@nyﬁ@mﬁmmHQM@io&Mhto any ful
bandw dt h ch The .i.nv i 15i nef f.i ci ency. Sone
enbodi ment s @?E‘%% the 1. lh lea%e?in}hﬁl\lllg( tgd.%g\f’\/]lgp 1h‘(1:r]p§/ dnéjmlc dngﬁlSL mnsli]oglm diH(é or nore

non- cont ri butyenigp- @(hlaﬂ Hell §EghanpdecNires 4 njpuli canlpaniel @ ap@yimpthe aoata | but i ng
channel bei ng,aiehannehad Nl dass. 98 LS E th out put channel s
of decoded aualé) 'n some %’\ gﬁﬁén sm(\y El $§gﬁﬁﬁ1gpﬁ’ﬁﬁg§£ i nformation,
e.g., netadaﬂ@“ﬂhﬁmmdéﬂwﬁééu4H@uwemﬂﬁwwpﬂg%1$ﬁnnﬂem5nmcv@vﬂmOMd@wmnlX|ng
exanmpl e, t hejpldcFemsdaanng! dd\ﬁlm‘%@ng 19%’“@' “fulrlgg(nﬂ% @e glqu&nﬁrp&tpﬂdd%t hng
channel . Sonic enmbodi ments of the invention include performng -a frequency
to tine trandforAey YarirneRe HowHEk HshohpileHoElsgit oy eabodimentsd tvan out put

channel sio angleftat mQQ[ufnﬂh WhRE 1B Wh i B@WENEXd TR1ubid B &y AN OF Bkl on each
identified channel whi ch does not contribute to the 'Mm channel signal. In

the 5.1. to L Hbalinetbuwels ﬁlWﬁN@HmﬂﬁémLW¥*Eﬁﬁﬁhémbﬂwégumﬁ%“b@HVWKbute to the

downmi x, theudesvesisRiohl @NSHhasdma d&u ghm@ﬁ@ﬂb%ﬁ«(@lg nsnmoRh Yo £@rri ed out on the
five fuII-bandmndth channpe so that the inverse transformportion is

carried out &P?W“?BhﬁﬂPﬁ“T%@zpeﬁH@F‘Bﬁo6¥mﬂﬁ8d%%ﬁﬁd@%ﬂhﬁﬁ&F“W@%ources

requi red forSahdcnbodinchann@t BvenSbnmelutihye oM an iSvedse Sla@ichl Cant sour ce of

conput at j.ona exit t he d|n hod, this reduyction may be

5|gn|f|cgnt hfﬁﬁg@é “T“HA“KMDM?%g%hfhdﬁymﬁ3®6ggwgpu%ﬁgﬁﬁﬂglﬁ?%@%nt day

El - AC- 3 decodens]s, dxd\mmuxlpmgngmmluwnw lednlallmnsifdnnhlite ahd oeerdian®i n. The

i nverse tran tion rr|ed out
prior to any§ I leigggsu% n%mlﬁ‘ﬁ'%ﬁ cﬁmnq’lgl w?l 181 R )B uon 13 é]hb?()? t he

downi ni xi ng @b@%hvy@hlnébg1to3%bgﬂpknaWéwhﬁdmﬂeshmﬂﬁdowmvems@m@wansforn1and

Lne 1 now M. BRAuRaR] AR:Rdd, GREr oL L BNSB SCRARSANSKELFIPPRLT ! 0 ou

on all input channels. ﬁls i's conput at i onal I'vely i1 ne Icient,
because,?% n Wﬁ@méaééubml@H@wLEE@@HEWﬁBmMN@bf@é@h@wmhcmmde@mHnMQ i nverse

transfor m anginwhAOWNG, QNGHHRR: AACALSuS il 1ou§lﬁ’§ [doefa@dbn &Qﬁb this channel.
"ibis unnecessaré processing is significant because, even though the LEE

channel is [|{HPt H“BHhﬂWPﬂ%%qmﬁﬁbeﬂﬁd“Pﬁ@dﬁﬁW@@é@Wﬂmaﬁék%Whvﬁﬁ@

over |l ap- add domntdigrdeEking RaRNEkiok @UULAESA@AS oG GOPRMEA haa&.aRP! Yi Ng the
i nverse transform an overlap-add to any full bandw dth channe

In sone enbdﬁ?%%ﬂ¥§ng?%%WémbPég@ﬂkaHﬁéﬁfW@ﬁmuﬁéﬁﬁﬁﬁxWﬂd“W§mé§%rled out. in
the ti n@5d0rﬁatiuanurfanmmlrtlmtnbleﬂul&:lﬂmdhmntoﬂoutdOerﬂhéﬁinBlgu{EB;M thenogarried out in

the time dorrc%nmbutg n,ldném gn th%gs°1§l$&,? (\éf(g‘fa biﬂop‘f(3 lth)z{tlisnthdQv%ng&% m x et hod

selection logic
[00210] While in some embodiments, the LIE is a non-contributing channel, i.c., 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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10present invention in which TO downm Xxing is used include identifying one
or nore non- contributing channels of the N.n input channels. In sonic
enbodi nents, the identifying uses information, e.g., netadata that defines
t he downm wicmii/demethe 5.1 to 2.0 cl ownm xi ng exanpl e, pidrasbRposgnnel is
so identified as a non-contributing channel. Sone enbodi nents of the

i nvention include performng an inverse transform 1i.e., 15frequency to
time transformati on on each channel which contributes to the M m out put
channel s, andma O&Ill”pﬁﬂ(fvﬂﬂﬂhﬁ\gg 11611]361 1'q‘nﬁlﬁl€];l{ﬁdi@%u&ﬁlu I)l!lgllfﬁnvlfsaﬂﬁrfsﬂﬁ #@kd on and ot her
ti me- domai n processin entlflgd channel h does not contribute

to the i\tirt"ch %ﬁﬁédgégﬂﬁﬁwumﬁﬁmfﬂ%‘%m “98”?‘@“@R%ﬁﬁfﬂmfh whi ch the LEE

channel contri ute ownm X, inverse transform e.g., an
, theq@@grfaﬁﬁaﬁﬁmp g Y ﬁgm¥gNﬁgé%H“@dﬁﬁfym%éP9W8@‘8&@“8H“d|e five
f ul | - bandw d$unrogievhmekis ,dn(B’@ th@hiet dh@nncnaen@ emtuﬂans freraawansted output
) )
\M ndO\M ngoj nglrdll& S, %fb&b cond lttll()fgrlli., (] uhnn, )S.ré]g/l %6[? ll]éfurl ]Léﬂtéﬂh%l%lg&gtf{%r teﬂgCt I on

of the conputa resources requ
fl owchart ofMFmgmm@Amwhw@heWhgnnmnupnmeeamﬂ@gmyoghﬂu&eﬂMmmm1@81 one

feature of s “h tﬁ??%ﬂ%ﬂgﬂ}ﬁdhﬂﬁ Mﬂﬁubpgﬁ he processing in the |oop

starting wt ["ement cont i and i ncl udi ng the 25i ncrenent

to next C*‘[@(Eﬂgin %l()l%??dﬁl ?g plus suc lll)%ibVLE amnn%?crxs aig nOWQLS cd?olexcepj[ the non-

contributing anne or a ock that is FD
downi ni xed. 4@@@&@m¥ﬁr¥%fwnmgaﬁnd1ehﬁddmnbwn@mn@NEM@EEnﬂSAe3tmo

non- cont buttybqu)l Q(Wﬂﬁhé arb b%wdu!l glogﬂié“%l IqﬁFleLQSLﬁ xhg (Pbg\‘l‘ﬁﬂh glg() out put

channel s, as’I's conmpn In a channe
other than t e WEB iz losropyentiont seieh sembhoko e idumiing s@haamgedl 30and is

not i ncl udedqiRo, (ﬁﬁtl@ﬂﬂﬂll{é %@ QJH&@H;mon\Sfom bﬁﬁ?ﬂ%“&'ﬂ fhiOfevdi h(?du' nvent' on

i ncl ude checking for such conditions to Identi one or
channel s, i fdapyd Igparmideie gk a 3-biukeRnguireung g IOSQJGWbak@(h&aHn@ISlnlnsxlﬁbt

included in 1Bm@atéi@1¥\’ﬂélﬂhaq1do@ﬁl9n 1621 $R: GASKd @hanndid WEL QW S I QUNIEL Xi ng,  not
perfornlng processing through inverse transform and w ndow overl ap-add

oper at i ofis P&Ptgﬁ9mﬁdéﬁﬂP?ﬂé&OHBHm@HHFHPﬁﬂ%Wﬂbf%ﬁ@hﬁéPmmPOUéll]For exanpl e,

in AC 3 and idi&es3, dotvharxaear & (¢ ed. t-addm. ﬁ@lnﬂi}{t{ thIJS)R'()r&el‘r{]mhlglk@ letvle()&JaJr r O'tmdt t han
Rei s and/ or ter channel are not inclu in the downm xed out pu
5channel s. T#égﬁfﬁgﬂﬂVeVDﬁgmﬂpgwd@PV%%H”HV“W&E%%Y%XFﬁﬂphﬁ%d“¥% t he encoded

bitstrean1takmmglwmeﬂqiun@mLumhm&ﬁgnTmanaEmadananndEﬁkdﬂbwﬁmb@, may i ncl ude
ers.
i nformation Jtusr})%uvdl e?lu‘, of blndl ‘M'lmu?fﬁﬂ@s Lli (rllcg:wnmuli Rgdn}&( ILeYcS B. par amet

0 [00213] 'there are conditions in which the surround channels are not included in the

downmixed output channels. In E-AC-3 these conditions are identified by metadata.
These conditions include the cases where surmixlev="10" (AC-3 only),
ltrtswrmixlev="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 lirtemixlev=="111",
lorocmixlev=="111". For these conditions, in sone embodiments, 4 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.



[00212] Some such exanples of such m x |evel paraneters are now descri bed
for illustration purposes for the case of E-AC-3. In clowm xing to stereo
in E-AC-3, two 10types of down m xing are provided: down mx to an 1.tRt

mat ri x sur e ppeeded stereo pair and downmi x to a cqwﬁgg(;@,@%lmster eo
signal, LoRo. The downm xed stereo signal (LoRo, or I ,I.Rt) may be

further m xed to nono. A 3-bit 1,11(t surround m x |evel code denoted
Itrtsurm xlev, and a 3-bit ToRo surround m x | evel code denoted

| or osurm Xﬂ()@ﬁ"llilj ndh Gah&e hRBinRAR tn,aﬂduﬂwmpémlz &MEd e R ctonﬁbﬁHlE LRHRgs ghannel s
with respect to the left and 15r|gh hannels in a | ARE, or LoRo downm X,

respect i vel y SOy dPERlcpt Ab‘?%awnplbl1&'“%@1%&%@%6“&4%%%@ thev@e opf 0, i.e.,

ocd13. 3-bi t mbretdRinnaRdaleQk s eIt &K allduht bRVALNGALARS (ARBOL G6le bintt em x| ev,
| orocuai x|l ev i ndicate the nomi nal downm x | evel of the center channel with

respect to t REMEF ¢ ”a\“h‘bl“??lgcﬂ’t’““lﬁﬁ%‘ﬁ‘él‘sé‘“r‘hmaﬁ?e ERRgEinY U domni ni x,
respecti vel yponAnVﬁh(uﬁL ©tndniynaniye in ddolier Llﬂldidﬁﬁin&$h(,an<ﬂﬁJ\M'l(BI'lckSnL&rEmﬁbun@fs , 1.e.,
-(xx113. 20 [ ?F | ar e onjtlé) Whi L{ rlround channel s are
not. included iR’ uh“ecvj) %‘gy‘%‘t‘lblﬂ Séﬂ‘ﬁ?ﬁﬁl@f’ g“ t?%“fe}‘i%’é‘eo condi ti ons
are identifi etchdoyarmeut l@k&t@n p&[h@ﬁ&aﬁmmdbhmuask umhmde\stahex@@&eﬁx dJnber e

sur et ov- 10 A3 20l o LS BHL St L LS v 1T

| evel mmadat Bieswriudéstantoy cankeat anguetv! 25lvet adat g adh dattesnbdeosent r ound
channel s 18I € 11ﬂ(%l f))n?ﬁ 1&49[‘%%hﬂﬁ19§h€'1§‘ﬂ4‘&h@%’Lo ?ﬁ@gmglof th E ?l%gliﬁ]h rgluf hg surround

channel s through t'he 1 nverse transtorm and W ng/ over apadd st ages.

Addi ti onal | yhontdeairidu@neshegdpldi ti ons in which the center channel is not

i ncluded in the downm xed out put channels, identified by lirtem xlev==" 1 1
', | orockrlP8d1ey, 'ldepily, the thigsholdies&ced rdictsh brsis ponibonthoeniiodivient s, a

decoder incl M@@abﬁ T mx8Y %1 515'??(51"%&3&11 lltlu 8fdg1elp Milai n}ch at such

nmet adata i ndi cates the center annel s not e downm x, and
not processi Hguitfyies gepmedsyas @%ﬁﬁélblﬂtlfmrl@ uﬁgww“[theflmqw@d S@nitur?aﬂlsfcqwmland

w ndowi ngy/ OV@Elh@:ﬁmﬁiqgn§ Ih@g@ﬁuy 1o§éﬁn%9&éé&t%%@? G820 004333 [0021411 n

soni ¢ enbodi nents, the identif one or nore non-contributing channels
is content dEpUAUEHE d‘“%méﬁé’d’é&a jraiony, weh ihgeheiis ofitaephld &r g gtesicyldient i f yi ng

whet her one @fcodiRf @)pﬁ&h@@rﬂ@hﬁsd’i@i‘é@m%&ubt@@b gnhdck 6aRtendMRINNGT @vncRNt ent
i er channels. A neasure of content anpunt is

relativ o] of nore ot
ug egt | ﬁ E)n e&&ﬁﬁd&u%h@ anfl (éll%gu}l é()né[kauy reduction (lower thresholds) for the

specific application.

20 [00216] In some embodiments 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 il 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 (o saying that the level of the sum of the
absolute values of the two channels is within 0.5 dI3 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
dBES, 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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5content anount is energy, while in another enbodinent, the neasure of
content anount is the absolute level. The identifying includes conparing
the difference of the nmeasure of content anount between pairs of channels
to a settabw@tihieshol d. As an exanple, in one enbodi martyudeentisiyi ng one
or nore non-contributing channels includes ascertaining if the surround
channel content amount of a block is |less than each front channel content
10armount by at. least a settable threshold in order to ascertain if the

surround chapn@held $a@ocAmiCHOLN dBriRe e hamRehanndORFLRIidRR M, 1hihe
threshold is se#ect g? to be as | ow as possible w thout introducing

noti ceabl e afty Pagye ‘Hf‘d“t‘ﬁés”dt)%‘ﬁﬁo%@cﬂok}’ér“éﬁ%h“%%ndli]ﬁé“ o4l in order to

maxi m ze i deahbddyhérg aclhramorglos 1988 l’%Ql&’dC@Whrdhbbﬂe|L1’_ﬂ:9u1ﬁl@1 meducaahhie ianount  of
conput ati on reguire the quality loss. In sone

enbodi nent s, "di 11nf](-i§r(g3 (flVY?Hﬁ‘Vé%‘ﬂ]d“’a‘gmé?d@gﬂ)ti%\ﬂ ded for di ffFr enfjI degodi ng
I t ft d or particul ar ecodi ng
bl i cat i R07 el Bt (ﬁléboiwmae%m%ﬁéi‘%aa untoed s il rrE Bt downni x

(higher th nd cor ut ationa npl exity reduction (|ower

t hr eshol ds‘;"@é? ﬁﬁé“ ‘Zb‘e"@‘lf {Epie P‘&‘h‘tcilllﬁ%““%h@i’@ﬁ@félfft“Hb‘éJd}‘r‘é”é‘WB&dl ments of

t he present mnmem arrdrh A@- 3ctﬂiatmeduy1|n§ n@gmumetﬁ@dhhrnsmg;mlé b[Ctammebxhxsr espect

t o anot her nnel ut e | east 15 c1B bel ow

i.ts
that of the o? hered Oa“ﬁ“rlfe1 )“ndfsdég‘lnl 10““‘%15 iqﬁéi}ﬁﬁ%’f“’ e ]?l?lvshig‘ﬂ FPESRtSel adve to
anot her channeladitf repdréingthe dgymmlxmgb&ah udaBlelf@viel iddnsfyatg of easdr ndbe @3- bel ow

that of the &?{Jﬂﬁaruu M@\nﬁh%is Be éngﬁNl(%PQ%%{r prlgglgo)& 4. ﬁnme g fference

bet ween two channe enote ui va ent to »5d11 is
roughly equi VUaP8Kt 1’&‘@6§a§¢ ngpablhaf tranbyeitting wekt lsfulmméwslunin@ftantlme agbsol ut e

val ues of t hem(tty‘@111%@@9@(!@%11@1(%t W's&m &lnb% 1%1 Ptilu ti ?!Jwgzlm QJ% dom nant
el Gl i

channel. That 1s, It channel I's at ative ull scal e)
and channel B’“P@S'a‘ibﬂll?ﬂ’bﬂlf@&lso CRIHBUCE @ priod Oltlh@Oale@Ih@tl@ N%lllgebufbf channel A

and B wil| b@uﬁé}ulgl?llu)ﬁ IS wrobR Réht@ﬁloalpﬁlrgmloililgﬁlg WGRLEA ¢ #cﬁﬁﬂnt he level of

channel A. 30 [002 the atdio Is of refative owqualty, and for | ow
cost appli caflgiamancs hew %yu@éncbféwemstI@wbw@db@ fl?rilé]@ncﬁ}*atplbplyﬂtm111beduce

conmpl exity, &heo &1hﬁ(@18h9tlpﬁl cavhelsibe Vd@mﬂ llkh@lﬂlxzﬁlx@%vn doBrreRe gxampl e, a
threshold of 18cl1B is used. In such a the sumof the two channels

may be wit hi FSsBBdtcoring1q ek O‘t‘H@b|8‘év@r<“dﬂfﬂ°t>h%hlelhlaﬁnfévalw W reHEs 1Rj gher

| evel . Thi s ihnayrodbed @aushicBlne t tdhgﬁﬁﬂlitﬁdl i (BA®RS D YEmsheut; o ARt d8ddroo
nbodi nent, a threshol f 15 dB is used, in

obj ecti onabl e. ot her
whi ch case tHé! slﬂ%ﬁgf”d‘toﬁlé“ ?‘fﬂl‘»l’6‘118’%{?1?’1%‘}“31“?’@“%‘P Pep Spnaalge p S50 gi e | evel of
t he domi mant moheafnehix Honj QG2 1i%ihellm515@tlliﬁnﬁ>mb®ﬁi covenisys spaMedal tihé hr eshol ds are

used, e. g.' ' Igiégl‘cml tn(ﬁiugﬂllu mtnlqu 1(158%/ BE[E 1~ colltll\lgutalﬁéggmel% a n%ullxdent ' yl ng

a1
non-contri buting c¢han si1sd d
mixdown coefficient of 0, in which case, the inverse transforming and

windowing/overlap-add processing is not carried oul,

[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 (o
the processor(s), ¢.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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for AC3 and E-AC-3, the identifying non-contributing channel feature of
the invention is not limted to such formats. O her formats, for exanple,

al so provide information, e.g., inetadamregarding the dow nnixing that is
usabl e for wdmii/dest’i fyi ng of one or nore non- contri butgmg:ehemss) s. Both
MPltG2 A AC (I SOREC 13818-7) and MPEG 4 Audi o (1 SOREC 14496-3) are capable
of transmtting what. is referred to by the standard as a "matri x-m xdown
coefficient."” Sone enbodi nents of the invention for decoding such fornals
Est‘e thioz coeffrisgicant2 )bmdc;@gatctptqt é»aa%lt@ﬁmts muumar@ge &ilﬂﬁ@ll)Atgr Qbaed/ 2, 1.e.,
eft, nt er t Surrqun t Surround signa

matri x- m xdoW 1((5‘%){;{1% iClRYC YBRETRS e Hég“fh‘bt)v‘ t’lH%u‘]sW]F‘éh‘H&d’BMh%QFbs‘ are ni xed
with the fronbmehanmedls Heoncdonsinriugiod #egSy@ingandwoldRO:@ opktise of our

possi bl e val ue ! ,)coeB3 ient are possible according
to each of t%ietzémf up n(ﬂltaa(dtudllg])éshg)?/ntqq%m] ngt sa uoln 2 "0 results in t he

surroundp | s not bei n 1 in.the

decoder QWEC}W” IG5 %@!)“ lr“'llg%éi‘éﬁsh‘ﬁt’it’%‘o% “‘tlggm W@r‘t’f‘t%til\tﬂa Grtﬁ ude
generat i ng aplsttesxegpsymmmtmnm [ﬁQWEBIﬂ@iS)(&ttfnli omay dltdestigpal avdisidag tHahe m xdown
Coel T ot et = ehANal LA e B ST A, 00 LWANSE L gt Y na e
case, the invat élel 1n<ﬂlahsl\/brlnhdngulandluwmmonlykbmr fcapwadd opcﬂcmme@sngﬁg i s not
carried out. \[Q02211:,F %to%toﬁmgt\@mg JHOREL el a gk, i RELAML RlnoPne

enbodi ment of a processing s 0 hat i'ncludes at Ieast one processor
1203. [ n'&hi §)léwa#plméommeb%%nprtb@@sts»ehormélslemt prstitiogect ipgmiodeles. i ncl udes SSE
vector instr gkl @lRiclichs 3HAWR Al 92 ﬁht@s%ptdanﬂtgﬂlc ofib & tl@lsgﬁtié formis a bus
subsystem 1205 by which the various conponents of the proceSsing systemare
coupl ed. TheSProkas shgfgubegisicahpweinglads thy [eliogrnggeodyieh yintuapioro 2 lcoupl ed to

t he pr ocessofnfeSdcoder Igeduléé{callltlchﬁ,nbé'iﬁh§lutb§ysﬁ&m]11&%561 nfdagle $tBrRge subsystem
1211 having one 30 or nore st %‘b’r devices, including at | east. a nmenory

and in sone BRBETETRREQ dgepde Pd 6T ardrehackspisdegele diogile 6533 S uch as

nmagnet i cimndi@endptigldeslionagalcaornaneisles Sedenerbedinmant $28l.50 i ncl ude
at | east one pe %work i terfacg 1207, and an audi o i nput/ out put subsystem
1209 that cahSEEBptecPeRtylt S hAd PhRfoIF K adcaEuse rore DAt s to
fomd/ert L he B@Mtd@ka;ttomalmﬁt tsxt,cUw«av&tomms&ﬂ@rmmtw%ngo@tala@g (Bgt) )
oudspeakers ar phon so be included in the
processi ng sg/gtl s mg)m(‘:l‘“ ﬁmfnéi t‘b@“%@eﬁﬁ?%“ “n’g}é/%fn‘o YPERM PPN CHE art, and
t hat are not 1dslhxﬁmhmnusl-'&d) @prdp2iate dionitdne dsake n@)ﬂulsnmimcm>1tsy1°3501[10®222] The
storage ﬁ)UbSXn%ta Lmnllzljh appllS ()9191@%1 mﬂlucﬂtyn(%tll?pﬂ dt w% nt,xuuatlcd and mr[h exeCUt ed in the
processi ng syst ude 't he t'o carry out étodi ng of
audi o data tHa@ utum}k)u)dielslgl\hqtkc(h@thﬂtcecl isouzltfL Stencmledk -addicoddabdyleseo fprp F- AC- 3
data to forn@hgg}qpﬂe;,qm@w!égo&gtﬁ“that includes M n channels of decoded
audio, 1VP:1 and, for the ease of downtnixing, MN. For today s known
codi ng forgsbs; NTQ n e hove i.S.not 10so
Cimited. I[n SO’ tn%lgt(«j pi]'O(,QSSquD Lﬂhgl L?l%é)%{}]lﬁ%tyl}lls%h lfﬂl(inb%g e 1L£1Q[wst5tln(s)ned into
modul es. O heplehy ﬂFlllF@PLI‘XIJﬁSCL‘(/@’!(HtéJF i.s.0f dierilaljed] Pk isalng or tnylplot:tabl y are
i ncl udedsi N £,0818L.Q5 BYH FMPEYSLEN sir!-tbﬁs &ﬂp@&ilonﬁﬂcjum pl%bégytﬂzl s Et&ﬂﬂ?ﬁ’s t he
foll owi ng nodul es in instructions decoder &s: an'i ndependent
frame 5.1 chindk liplecodericigdanedipos V‘(Q‘t'éttb%hell iggesolzidipentkilinghedecode

modul e 1231 andha, hacke enshadesed@: EE@QHJ L%m}gs%g@mﬁ)l %@Q%B&gd@ﬂst infa@me decoder
modul e 1.225 that includes a front-end decode nodul e 5 and a back-end

decode ' nodufs¥oresia mnchyotklink, f1C8 vy BhinaHARS # deaslie PSSOl nst r uct i ons
1221 that when executed causes unpacki ntg_) 13it Stream I nformation (BSI)
field dat d99%8n dithibepivessing syl iHy 1E Hams puerrodinegt ¢iep pppatiséd and to

provi de dohe prd@piigfdued dfub anEscib@s ARl atk énchdantdie bsl: desadREodpdul e
instantiations, 1231 or 1235,
audio data that includes M. channels of decoded audio, M>1, in the case of

downmixing, M<N, and [or upmixing, M>N. While for today’s standards, n=0 or 1 and
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20and a channel mapper nodul e of instructions 1227 that when executed and
in the case N>5 cause conbining the decoded data fromrespective back-end
decode nodules to formthe N.n channels of decoded data. [00223] Alternate
processi ngwaystemerbodi mrents may i ncl ude one or nore PAABSHQNHS3s6PUpl ed by
at |l east one network link, i.e., be distributed: That is, one or nore of
the 25 nodul es may be in other processing systens coupled to a main
processi ng systemby a network |ink. Such alternate enbodi ments woul d be

clear to onengd odr diRAENAKIdhls aepotdife. Nt appdBMS inclulls SOTRI £ARRHLMENt S, the
systen1conprhges one or nore subsystens that are networked via a netmork

link, each sGBS{Ut SRTHERaTRala Neander GHENpPYadesden By a lynggpell] Thus, the

processi ng sysﬁlermlﬂfmﬁd doelch@nd B ﬂiinéﬂmﬁi@@d%%ﬁtmdﬂf)n Mcreppaniatys for
30proceSS|ng au that. includ n channel s of encoded audi o data

to faun decodéy” aall‘wﬂegﬁnfﬁﬁﬁ F%tpﬁﬂ%@”iTT4W%ﬁﬁh%@Pg“%W”ﬂﬁﬁbH@H audi o,
M>1., in 5heHEEG@umedmmmmhmnmgumNﬁNJmﬂndmhommuﬂimb%nghuN?NutMﬁl|€ for

tOday S st anﬂ%ft%% TR dgpcggtus ol?‘p’fjfl” m(,?udos me a’ns O ﬁéxﬁ[)[tmgg 6% é%%fiézathftr € p.OSSi bl e.

The apparatus 1 ncludes severa anctionar unctionally
as nmeans forH@@ﬂﬁ?ﬂﬁgﬂ@ﬁﬂﬂ@ubmWmegdaaByoaﬂﬂummtmomagmah@hegtanE—neant an

el ement that AWJO'(IS’@ nRHba aln@fnq(?(gp én@gl u,Lﬁ% ]in %Uodug%?ﬂloﬁldmbconl %rsTPsnt may be a

hanl ware el enent, e.g., speC|a rpose i'ng system
that. incl udé@ﬁsffl@tnéP%&gﬁeednrmdlllcmmdtlHQab1<>lllmbllchdmsls pmgxrtu@muoalnts, 1bimang whden

execut ed; £ar bty Aol (MG fned N ARRRLAMSBtord A0 d Ackifif] udes nmeans

for accepting the audi 6 data t inclu hannel encoded audi o data
encoded by aﬁm@ﬁébﬁﬁhd“H@?H%@bmédgmﬂnaﬁxmﬂﬂgmbwwpﬁgdé@dmﬂgﬂﬂbwhod and in

nor e gener al oftRnAE,ind RN A g1 1R t'@@ignstiehaﬁm SOMPEbEEet F@ansform ng using an
over | apped-transform N channel s of digital audio data, form ng and

10packi ng fosLapengy samis hceXRaRent dado RNk sSapdaldo ¢gd form ng and
packi ng netadata related to the frequency domai n exponent and manti ssa

data, the prisfatiaQRt u%@dnm lh@?xldﬁ@'l&g(k%h%q@clhﬁlc{ alal R AclfARST ent.
pre-noi se processin 251 The apparat us i ncl udes means for ecodlng t he

accept ed'Saudie" ¢ %“F@@ZQBPP%thG Oeﬁbﬁﬁmﬂ@%h§WFhédWEanSMﬁ@ﬂﬂm@codlng

i ncl udes rreanmfsqiradtan@%kl(ﬁgu&hmq @%ﬁt@ﬂ@&f&ﬁﬁ:ﬂq“mﬁﬂ& fupheinpacki ng and for
decodi ng t he fre uency domai n exponent and mantissa data, neans for

det er m ni ng 14°8¢% Fbﬁ%?@ﬁ%??ﬂé?@ﬁ%@*m@6%$ﬁh@m@ﬂ%ﬁ@kgﬁ”Hﬁéﬂﬁ@@@u@dgfrequency

domai n expo n&@llbc@ﬂﬂymﬂﬁlhlﬂﬁta 1&@11@-1:01 Wﬁ \tlﬁdiovdufgvﬁﬂ S€erihp-aNsfOLIRAY t he
frequency donami n, dat a; ns for F mnndomnngﬂand over | ap- add

oper ati ons t%iﬂ@f%Pﬂ?%%‘§ Wﬂ”édmﬁﬂ Obfﬁgwédnﬁééﬁgﬂ PSighF VPG any required
transi emo pr ﬁ@Wll&ﬁle@ﬁfg&C@ﬁ(ﬁhm udatadiangelaccoiding: hre-nbineriRtadat a rel ated
to transient, and FI)II{(?H!S[] F ]9 d rn?lﬁxmgj awgl;din ¢ to downmixing data. The means for TD
downmixing, in the case M<N, downmixes according (o downmixing data, including in
some embodiment, testing whether the downmixing data are changed from previously
used downmixing data, and, if changed, applying cross-fading to determine cross-faded
25 downmixing data and downmixing according to the cross-faded downmixing data, and if

unchanged directly downmixing according to the downmixing data.

[00227]  Somec embodiments include means for ascertaining for a block whether TD
downmixing or FDD downmixing is used, and means {or FD downmixing thal is activated
if the means for ascertaining for a block whether TD downmixing or I'D 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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and neans for TD downi ni xi ng accordi ng to downm xi ng data. The nmeans for
"I'" D downi ni xi ng, in the case MN, downm xes accordi ng to downm xi ng data,
including in some enbodi ment, testing whether the downm xi ng data are
changed fr oo pnewesus! y used downm xi ng data, and, if oh@angse.oaey vi ng
cross-failing to determ ne cross-faded 25downm xi ng data and downm Xxi ng
according to the cross-faded downm xi ng data, and if unchanged directly
downi ni xi ng according to the downm xi ng data. 100227] Sone enbodi nents

i ncl ude WE@DSZ@ orlna@ﬁ@dnhlmmuﬂg tfl@z{ppadtbi mﬁkddﬁhﬁ'&rﬂﬂ& J(l])ﬂy@@’(\ﬂﬂmnxxhcﬂg or 1114
downm xi ng i s used f1 é‘ D downini xing that is activated if the
means for asE&F{Ar WFW& ‘P?Wa]éob [Rolne ‘er’é'tl}ilél?d&fﬁ)“‘d‘o‘xf&%’ibk?%qh‘ﬁ’lmIbt‘t“b i

downni xi ng i sham(ﬂdmaﬁﬁeﬁcﬁad)rmlsbuw() dQWIlHilaﬁhrﬁhgl,s Elq@%;ﬁd!txﬂ@o&&@ﬂﬁu& ot TD tol d)

downni x transition pr.oces so. i ncl ude neans for ED
mverse transt

to TD downmi X tPansi t1"6Re pF Hg‘é%%‘iyﬁﬁm*?hé‘délgg‘ ‘af‘?l’&‘f‘édf””’[“h%‘gie”?éli’ée?féhts is as
descri bed her€liNP or b@GRRBAd dbmihe cwerr ewbkadiniBal imp-chhgbaippaiatdks 1 ncl udes
nmeans for identifying one or nore non-contributing channels of the N n

i nput chanite?29] dn smm(ﬂlm@tlimiubtutthm:gapmhaﬂmehdcbed 18gt dne GRAMDEEsol Wadsedoes not
contribute t ann [l 10) ot carry. out. inverse

t ransf or m nggltﬁhmksf)rMLq Eﬂu{lcs‘g%dmm Smégt %%5%1 nflwﬂ‘pﬁ dﬁpﬁtﬁﬁflﬁhbﬁ)rgr processi ng
such 5as TPNP)lmmSmywtlt(ap%addlomnlhd”neummlen drwmxieg indeatiidnireid vaam- cont ri but i ng
channel s. 100ZAAALA oA M LARAMIITBAL S8 eaRRALGLYS 1 el udes at | east one

x86 processor whose instruction set incl stream ng single instruction

mul ti pl %ﬂ@&ﬁgothﬂ{lﬁ{d{% pd( %ﬁ@ lo(fl%@rho@h s I&eﬁtdst() dlmanSJssrlqut ONSmylne means

for downm Xing in operation runs vector 1nstruc ne ]f” deglf one of the
one or nore RK8G! pwm,ﬂé§§@@ILHL1®QEDQ®®LAM'@¢ hraladveppdavatu gede dlert thgse shown

in PRI 12 al aqn@rcﬁma@&@y QJL@MHE,FM%%@%L& : SR Gl 3 es&ﬂﬁm%lv%’?”t S may
be i npl enmented by hardware devices, whi hers may be |rrp enent ed by

operating an‘%%“ﬁﬁ%é‘é%@bﬁ“ Such vari atl ons woul d be straightlerward to
those skilled in the art. [002311 In sone enbodi ments of the apparatus, the
means for [&B3HI dysauenbadgicpnel e appsuys eherrecansiof deodingointludsndnedecodi ng and

one or e ABRANSakAbr RAEKiERGHSCRHbRG: m-gn:%lmﬁ%ﬂch? end §eQ0ig eﬁ'l@e decodi ng
i ncl udes the rreans for unpacking the netadata and the neans I%or unpacki ng

and for decotffiyid Wentngd deratioy ingydeith I@seabfﬁEde trpngtidsgandtiea. The nmeans

for back- endm@@@Qﬁihﬁiﬂch%iﬂdd&ﬁlu@d@ﬁlg%@féﬁum@f d(ﬁ?&%bxbéﬂbﬂl 48 IJIQL{SSc?ﬂdp | ock
whet her clownm xitig or Xing i's used, the neans downm Xi ng

that i ncl udeéh“’m’tdﬂ%%%%sn‘% %fvodr!rg)uwiwcmh)f YRR ARCCELRiAIRG iqméwdpwb«él@sl ng, the

means for Fl 1) dbwnnfidihg domm oo wnnkikidd SiukddOe &%Qﬁ@&i‘]%iwnhﬂ@ngrrﬁﬁ%lu%s
determ ni ng tr ansf gg % ?L)fd cients fromthe un| acked and decoded ' frequency
domai n eXponeht™“4H NPT S<QVaRPA I Iy Einge™t PEHS BRI t he frequency

domai n dat a; (IMnliatpmhlymngommg)m ngcuand cmmemh;a@uaddnmp&riﬂmm&mt cdet erm ne
sanpl ed audi Blpgﬁit(?‘(ind (19L()(19LPHC(XILHL domé’m expd n«,n dlq ngalinqssg Idﬁytimgrﬁveemg ol se
transforming the [requency domain data; for applying windowing and overlap-add
operations to determine sampled audio data; for applying any required transient pre-noise
25 processing decoding according to the metadata related (o transient pre-noise processing;
and for 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 [rom 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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25processi ng decoding according to the netadata related to transient
pre-noi se processing; and for tinme donmain downm xi nn according to .
downi ni xi ng data. The time domain downnmi xing, in the case MN, downnmi xes
accordi ng wo zgowndei ng data, including, in sone enbodip@ENISe11ESES ng
whet her the downm xill 2 data are changed from previ ously used downm xi ng
data, and, if changed, applying cross-fading to determ ne cross-faded
30downm xi ng data and downnti xing according to the cross-faded downm xi ng

data, and iOf)232f]lC hamgm551d@wm Xﬂgﬂzgolaﬁﬁ@ﬂlﬁtﬁ Y cha@ndiN& ceQWaRt Xhdask @At a,
[ 00232] For eSS data of nmore than 5 1 channel s of coded

data, neans ““ 18%%@‘???@“‘1”!’?(%1 Eses il feimsees Tonensprdbdecsingapdoltbans f or
front-end demaahsmg haﬂduﬂfdudohﬁg ﬁﬁﬂlﬂﬁngjdﬁhSlb@ﬁkﬂeﬂ(ﬂmﬁl&ﬁndb@lglg ahdllgélldégl 39 ad
first means fqr i rst means ck-end decodi ng
for decodi ng'the M|”({’o'|‘ék “enﬂgl Ofefmg Oéhié‘og gﬂblqcf(‘iip‘@fl‘fvﬁﬂﬁ?ﬂé‘ﬂ’é" gdB‘g%ﬁd means
for fronts endDCd@bmdmm@x amd-cad @embngimrmamm atanbac kackrdd decadi g f or ' ud
decodi ng one ta s _al so includes
means for ungéazéiégg&ﬁé)?? l%g%gmmlt {1?1 glraS r%la 'S q%f dl&‘uc?njaa‘f? gBalug"s HEREIY t he
frames and f pPedekingpeSraapdnioongpoiiélddatt tvaddndérthé frined arﬁ(ﬂ&ﬂ@&yﬁc@ma!ppr opri ate
means of T ropky@nfle dREAlHtn. A0 IBANR LAk GURLALNGLAS Aeroded,data Trom
respective noans for back-end d ing 1 form anne of decoded
dat a. [00233forptine findtcoddidpie hEmA@P@“a‘h@IM@@ e hackoail rigom hddw hs¥ an
over |l ap-add tH.ansf @uRcq@nde n the | nverse transform ng, include w ndow ng
and overlap-add operations, it is "mwn that other forms of transforms are
possi bl e (j0ed33pPeNAL Gad hild EIRNB G SE BodifAhenddl &Qﬁ%v&ﬁg'&ﬁ i and
further processing can recover tine domain sanples wt I dsi ng
errors. Ther &Fdp B° invRse FHyERRIpSANGIUIe perdopingiapdeyetlep-sidepdrafpnadiidl t r ansf or s,

and V\lhenevel'Mi(ﬁ«nmﬁﬂﬂbtﬂl@ﬂ@l@ls'@[’lﬂﬁfsﬁ)ﬁnstcﬁ@&%&gl[md[]&bcfd'{&guﬁﬂﬁ%l Q@H&faﬂ data and
carrying out, wi ndowed- gverl ap-add operation to determ ne tinme domain

sanpl es, tho@¥r&y ‘I“T‘@‘d“”ilén““flH‘é“‘é‘r&lo‘ik’islnlé “BhEE St ARt ARl Ritral , t hese
oper at i ortss cahsihgestratiadefas, the l‘W&l’uSE1stnbﬁmﬁlfdart.(57b\%ﬁdﬁ—;ﬂﬁ b SSHENSY dOITB.I n data
and appl yi ngwflurther I’OC%SSI ng to determ ne sarrpl ed audi o 20data."

[00234] Al t holigH “thE "PEH i BYBEnEHECHIEE HetheR-y Samar daly W RS hout  t he
description bmd@msle)vuﬂm@%ld ap«ﬁali()h&) deeffiBe uﬁledoﬂlﬂn Aorpes; aﬁkdEskgl@d:in thet hler
codi ng fornmy A cale factors an spectra

coef f |gCI ent S(El?wﬂax%ldu;stand%%at g JﬂArT@su gﬁgat Oﬂb““l‘]&g Sl&tr?fshé]\t,lé(r WS@Rbl%ent and
mant i ssa doee frefuehdynivomain ldeta saigpelyod, firther provesdity @ detérmmefsaniprat mdid5whi ch use
the terng expponent and manti ssa.

[00234]  Although the terms exponent and mantissa arc used throughout the description
because these are the terms used in AC-3 andE-AC-3, other coding formats may use other
lers, e.8., scale [actors and spectral coeflicients 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

2% & % 66

“processing,” “compulting,” “calculating,” “determining,” “generaling” or the like, refer
to the action and/or processes of a hardware element, e.g., a computer or computing

30 systeny, 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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[ 00235] Unl ess specifically stated otherw se, as apparent fromthe foll ow ng
description it is appreciated that throughout the specification discussions
utilizing terms such as "processing," "conputing," "calculating,"”
"det er mi ni ngd 2011/9@0@r ati ng" or the like, refer to the agii@ioaneiskor
processes of a hardware el enent, e.g., a conputer or conputing 30 system
a processing system or simlar electronic conputing device, that
mani pul ate and/or transformdata represented as physical, such as
el ect r oni cjoogeernt lintais@Gilak ﬂtquuQUf(lQé’und@Io@us&hmnhyafeley W BPUeSRIE pshi@sorphysi cal
gquantities. 11002361 In a simlar manper, the t rn1%$rocessor" may refer
to any devi c&°0F PPIFDHS SECUPMelces ¢ up g adadng ‘%%Pﬁﬁﬁﬂ@“ﬁ%f e.g.,
from regi st ecBc@nd/dar lﬂtaalmma&m dm Ltlditﬁi’l@flﬁi’ymutslbﬁﬂ itlegicitk @R/6; data into
ot her el ectronic dat tored in registers and/or nenory.
A "processi n§"8ys gn?”Sﬁ““%Bﬁ%ﬂt8%£0%Pmﬁ “bbﬁﬂﬂ?Wﬁ%“ i Ae* or a
"conputi ng pratfpatindpladynt ney vdedcaane oomo@Proeespirocessors. 0023711Not e t hat
when a nethod is described that includes several elenments, e.g., several
steps, no mﬂﬂgﬂiWgﬁeﬂmﬁwﬁhdﬁk&ﬁ&ﬂkﬁ&AﬁughMH&hﬂ@&@ﬁ&ﬂtﬁ@bﬂ@dg unhagsb
specifically _stated sone enbodi ut er - r eadabl e
s?orage nedyuh?sno%%ﬁ?%ﬁﬁ%%%$WPfﬁ’“é a””‘1§mg%cﬁﬁgﬂﬂﬁﬁﬁgﬁwém i stores
instructio at one ocessors of processi ng
syot em suchoa S T GhgHET Sretitsrhytaebec i Syl dufna
i ncl udes at L@asnnamaiwnmc@sgonsmhememhthmwdxam&m@ﬂagemsmbsysten1 cause
Car Y1 NGy BUL Al 00 A5 FRESHRENE il IPAAANRL L LS ESRELPLL 00
to carry outﬁatmﬂwtésguhhmbshnﬁhdubemmwd@nspmngbhatmnhuﬁumgamsmmhat t he
instructions mc%@& c%%(&%éﬁ l%%m %Hﬁﬁ ¢ e S)Jsug;? 51?4]3%09 g«%%?x?[s%tdhg Ll‘galISOper ate such
that a hardware apparatus, t he processi ng systemcarries out the
process. 10028@%“¢%@“Hﬁ@%§@%%ngégu@éddppﬁé@mhewe%ﬁsaﬁémkﬂmtgénémﬂ
enbodi ment s, (RELE QIRILS tRYnsBRGoR. WD &eREQACEISANSo AL pla&gﬁ)l?s o] Og' C,
|nstruct|ons encoded on one or 1110EC conpuier-readable medi a. We
execut ed'by ORfépTchiE IgFdWaFFEP P YR § s Proceiaing HEEMeticoms theause
20carrying odfcat. | east one of the methods described herein. Any processor
capabl e of executing a sot of instructions (sequential or otherw se) that
specify acfob2ns tmebey ﬂ)@aﬁ@%\ﬁ'd@%chﬂ&i Hee e, TS uﬁﬂ&luﬁéﬁ‘s@uﬁ)uh%ﬂ@b} ypi cal
processing systemthat includes one or nore processors. Each processor may
i ncl ude one B HHIO8 RIPCCHOEINA B G HpUsligrmspodekngna PHPYS CPrdEEssi ng uni t
((WJ), and/ ofcagubRnRQUAMIBDEBURIRDy WAL br mdiB 6! (RE HE&SSENUe SHSIEBMs cause

20 carrying out at least one of the methods described herein. Any processor capable of
executing a sct 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. ach processor may include one or more ol 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 interlace devices. I[ the processing system requires



25further includes a storage subsystemw th at | east one storage nedi um

whi ch may include nenory enbedded in a sem conductor device, or a separate
menory subsystem i ncluding main RAM and/or a static RAM and/or ROM and

al so cachewwemorw2sihe storage subsystemiflay further jceldigeneas or nore
ot her storage devices, such as magnetic and/or optical and/or further solid
state storage devices. A bus subsystem may be included 30 for communi cating
between the conponents. The processing systemfurther may be a distributed
processi ng Syﬂkﬂwhﬂﬁhhxm®?96ﬁ§ﬁéﬁd@@ﬁp#@ﬂdh?ﬂ@qﬂglmgﬂ&ML@P?ogﬁMba net wor k
interface deyices.or wire hetwork inter e devi ces. e processing
systen1requi1%&em&“%?@%@§§§fﬁﬁkH“Hm@P@ﬁF%9mﬁ§§{%Q“P%%ﬂﬂﬂ@ﬁ?‘%@@?%Va i qui d
crystal di splsayqu{ttCidk, praetgapisgsidni ghtin@itet 4n inght divsglsah o GhdEnordurad cat hode
ray tube ( CR-I; h'qliuég‘kcal}(%ut lnfit SUC n'u'al %tua] ren(;[i ! %\ )i‘s Ir()g %i ‘r‘e‘d‘h ! ’be sr* 0cessing
system al so i REIUHEE HA PHEUED SVl Syt 5Ee S HBrE" 6% 4 AR™51 phanuneri c
i nput uni® swehodsihalkeayboasde d@vipgkntaphgbgeninr a@lmedevy @ aSueh hasina nouse,
and so forth, The term storage device, storage subsystem or menory unit as
used herein,ﬂf#mgﬁgg&bf?%ﬁ¥? émégﬁf%§?hﬁ%@ﬂﬁ%°@§§“%%ﬁf%%%???é%tated

ot herw se, alsogenygonpadses dak dioragehs ystemsyshmas sancdosiieudtibne unit. The
processi ng S¥1§§ Alhbd SO, 1“1(!\9: ra%glc 8&% 1Wte1]f£ghé{/gc%. a sound out put . devi ce,
and a network interface device. 1002401 fte storage subsystem thus includes
f'" conmput .ermﬁﬁﬁpabllh@ slm%lqé Hﬂﬁmﬁtlhﬁsﬁm SQPgolng'H{eie—ga ¢ wfeqnedﬁhg‘%ldt encoded with
instructions, e.g., logic, 'e.g., software that en execut ed’ by one or nore
processot®, ewlisasd widh ey, nepodist vidriesupeliompee.. bigid e, sitvaedhas vegps dezcribed
herein. The o lde.d-n . the hard disk, ..ot May. r.esi de,

Conpl ot el y. o ot ae BB LR R R R e o AL RAREL G o

wi thi n the n8seityd peitiar Mgsolboie hay isyidcie gedrrddiski rgnagxbe usiden t her eof by the
conput er  SySt&@iPlewchiSa 1ed2HRE B IREY RPN RSB RGESN Qha/EN@kin hOC! udes nmemory
al so constitute conputer-readabl e medi um on which are encoded instructions.
1002411 Fur t REPHS IR IGBHPResir fuiigspicaticrabienhPidy coupiayssonpbtser program
product, 150r e nieMEhyUEe the ipFocdss GNP ik Rlles REAGFAHRoRLAAHES conlp@O2ALhbEN

al ternative enbodi ments, the one or more processors operate as a standal one
20devi ce or Wﬁym58n3£ﬁﬁé%f8ﬂvu’Wﬁ??mﬁ%tmorked to other processor(s), in a

net wor ked Loynent, the one or npre processors may operate in the
capacity dggg”geg‘@%‘?eﬂa?wa“ PP CRER R S et SR RREOHE o k
envi ronment , piodlucgsr & ipe&led MRCHinpaict fo@ap@iadi0- peer or distributed network

environnment. the term processi ng system enconpasses all such possibilities,
unl ess expbozif | yn exelaudadidaeinrh®, heldhe 0916161‘@gl"océﬁ@(&'@o@ﬁ‘z@&@%&&ﬁ&ﬂdﬁ@y form a

25personal conputer (PC), a media IaxPaCkA.ey[Qea_a,paQIgmeC, a set-top
box ( STIj a evice or may be connected, e.g., networked o other processor(s), in a networked
deployment, the one or more processors may operate in the capacity of a server or a clicnt
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 exccuting a set of
instructions (sequential or otherwise) that specily 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, ¢.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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Personal Digital Assistant (PDA), a gane machine, a cellular tel ephone, a
Web appliance, a network Anna, switch or bridge, or any nachi ne capabl e of
executing a set of instructions (sequential or otherw se) that specify
actions toweoteiers7by t hat machine. [002431 Note that palriuse1s01¥es3s3

di agram(s) only show(s) a single processor and a single 30storage
subsystem e.g., a single nenory that stores the | ogic including
instructions, those skilled in the art will understand that nany of the
conponent s degeui Hmedxaaipn:yehiasroam cmﬂg)udﬁdhmbu mmmxuemp ldr@i“mhdhineS AWN Or
described in_ord t.0, obsc ect.. For exanple, while
only a si ngI %lg)(nba(:gﬁlf«,ﬁeo 1|mlud<,| aln¥J l'”’cu{on 8?mfuﬁum,% Ehat mdlvt aﬁlpf Hle).omgl%éﬁu[,uthf so be

t aken t o i nchauthe nahiplecels] @ disironionf o natdnmrae)sortcmamotenmllmnﬁtwaﬂdl%mr jointly
execute a se% Q% UL hl ple sets) of instructions to performany one or nore
of the methodol ogl es di scussed herei n. 5 1002441 Thus, one enbodi nent of
each of t hogdls, descr i s p.n.she fermof a. conmputer-readable
medi um conp gu# dl us, 0 u/mbo Jtmcn(fo? x,aclh 01 hé él}u@lﬁass, cﬁ,seu-llg%cmu&ub%l;ﬁ)tﬁ 1&111 IELb gram t hat
when execut edmmutu@m@dzcbﬁu m@lmen cpmbglessxmﬂm seeofgnsru@ives, 0., Brmfnﬁpupzl’ ocessors that
Z:TEOg?:T:En?]; ¢ g@gh@% %’g(\!qlf &I’ anltcglg%{%hp &lan{oruyllg sg)}élsF ? gf Qﬁq%} 11101c£10w5?(f15 bl?toma

appr eci at ed By Ptrhdgenalid devied chue ‘tdhemaptlt of ewthod strpsntenceinbbdimcps gs ent

invention nay, h@m%m%gﬁqls@@ I{Eusrr%tvblﬂ%u dﬁﬂc@@&l@y%ﬁ& Ak @s.f speci al
pur pose apparatus, an apparatus such as a data processing system |ogic,

e.g., entodi SRRSO B Gtea! isadabie & wbadied wedhad, @rapparalus such

ConpUter‘reaﬂa{h&k&lﬁb@f)@é@@mﬁﬁﬂ!s%dbﬂﬂtuslsﬁdﬂ@@t@dﬁg@é@ﬁlhg LRk Metians, e.g., a
conputer-rea la\%’p&e storage nedi um configured as a conputer program product.

The conput er LEL) ‘b“oﬁjé’ai“h‘r‘rf‘ﬁl ablesigper lj]ﬁ‘thé‘&i RircAmpriggeadalie sloiaget r uct i ons t hat

when execut eﬁiubmnﬂnels emon@lr\ﬁthpm@aﬁﬁpre% Q@@lﬁ[ﬁu&&éefdwmﬂo @%tmdaﬁlhhod steps.
Accordi ngly, 1f$ s of ] E)resent i nylentl on may q formof a

met hod, an eft''#ErY Héf’l&?\%?é’ SO HEht N FRLet Hd?‘ﬂ?&é’éb galarafieyighet i onal

el enent si5 whettlea hayoiang‘muum:, amlabheekﬁmﬁm byl @urdseanm, pﬁjﬂes@d)lﬁéiﬁmuahﬁag carries
out. a pr OCGS%ImrJ&O( ant}\ galdmﬁ, asg%us '}élel echE y é dg ? ﬂ 1 Of el ement,
e.g., specia &°har PP TR EETHE" S8 8T A 9 Al udes a

st orage msdlmerhcbcham cnunarl)t ugdmrd «mltorlmmhu tbenmctuhestscvdnﬂmneu@@mcﬁ@nearry out the
function. t sent Ny ion e fo an entirely
SOf t war e enbod“ 1unbtngd1 beﬁl‘bﬁé‘s lllball%d% (Ji %{llr{pﬁXdlllb (%ut a PI()LESSII& 1H1’1CU Var e
aspects. | k¥ @helrvhmbe%nttlm bprbgdnire Plaverntd. @,npwypma%e hgheart,or m of program

I ogi c, €09- pr )u,ss@ng,cs HBHhﬁ[ 1 «[lgc%gQ‘g'«)ﬁlgc”‘ﬁ&htﬁlﬂhdﬁh&hdus ?rls&Lde&g l? I[WRr ogr am on a
corrputer-readabes oraeﬂ 5medi u abl e "medi
configured V\ﬁxtwl‘é’(ywpmlérﬂ%ri exteb I/\épqglrS @g'ﬂlamb&md@vuneoglndy lakogbmfount elrdnpr ogram
product . - NOterc\fu il oh G 68 6 B SBERL Ao RUEROSGLIA MR Gy def I ni ng the
function of the }haruc)ivvt\llér e |s“ suf ficient ltouélnam?% (otr}Vet sﬂwﬂe\@“?n the art to
wite a functPhaludestrd frirsient Hatnlieamabekpho egseprobyn presgr-ans ot hat

aut omat i cal | yniphehcdabeLFuRS, h%l’ d&éﬁﬂ;@uﬂﬁ@@&h% b @Bmf R GRNRS @bk 49 har dwar e
to carry out the function. 30T description herein is SUffICI ent for

def i ni ng°sucH et B “?J‘H?‘b‘dé‘e*d?PéCr‘B%Jé‘f“é“onil%%hm‘h WP - fREb e Bipter  r eadabl e

rredl um i s sheam eign dadiln@))(@l’[ﬁﬁigpﬁnﬂmiﬂld! meaatumt B thecad §ishg dﬁpdm um the term
"medi unt' sholul e.nmedi um or :“:\‘El e nedi a

(e.qg., sever af‘g‘ffr‘é%ﬂ“é%; th”ai‘”%“é‘ﬂ‘f ?1 lﬂl el “b‘r‘gﬁiig‘t‘ﬂt%@éﬂ‘“ eRsekias heand/ or

art (o wrile 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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associ ated caches and servers) that store the one or nore sets of _
instructions. A conputer readable medium may take many forms, including hut
not limted to non-volatile nedia and volatile nedia. Non-volatile nedia
includes, Wg2exanpi’e, optical, magnetic disks, and nagratozopbisad di sks.
Vol atile media includes dynam c nenory, such as main 5Smenory. [00246] 1t

wi Il also be understood that enbodiments of the present invention are not
limted to any particular inplenentation or progranm ng technique and that
t he inventionwmaymbadwnmkeﬂnakadmu@&n%a%ﬂﬁwa@p&apguafﬁukﬂghnkﬂme@r;pr t

i npl enenting. the. f tionaljty described herein. Fu ernor e, enbodi ment s
a?g not Iin??géﬁ?ﬁﬁgﬁ?]%d ?Fﬂ%ﬁgﬁmfﬁﬁPgﬁPgﬁﬁfﬂ%]T%H£ﬁ£§%agﬂﬁﬁﬁéﬂgting. )
system [0024¢]Wﬁ@ﬁﬂh@h@@omhﬂmughauath?s,&f@@hbbg@ﬁ@?mu@?nwome;enbodlnent
or "an enbodi o 15 t-haty a ticul.ar feature, structure or
characteristfgﬁgégg??E@%h%%gGG%ﬁ%%EVgﬁMﬁﬁ@ﬁdﬁﬁéﬁﬁﬁ%%ﬁ’ﬁ%ﬁbe?mincluded in
at | east onerepbodi nent of the present invention; Thus, appearances of the
phrases "in one_enbodlnent" or fln an enbodlnent_ in various pl aces
15througho@9mﬁh|§1w@b@wﬁp@@kwcmdamenmmﬂmn@695$apmk?tmh?umeﬁemnlngtto Ehe
sane enbodi . A hernpre. > ti ar it ures, structures
or charactep?@&%gggﬁggﬂﬁghg%%%gﬁégﬁ@ﬁngﬁgggﬁﬁééfﬁéuﬁﬁﬁﬁgﬁﬁ&5§?ﬁ%ﬁrd be
apparent. toD@h@3@ﬂmﬁwdwﬁamyuwkhMﬁqukkﬁhdqmnﬁnheman@MﬁgmnnmhanQYsclosure,
in one or m)El&cxm_ngbi_ﬂﬁfhtrlﬁenn[)Q:,Ogﬁll%hi%emslai%rrl( )/nﬂn‘i.cd%l;‘ lpg ‘tiplﬁzuappr eci at ed t.h at
in the above description of exanple 20embodi ments of 't he I nvention, various
feat ures'®f PREMAREAMILHIECAF PesdRebPEs grouped together in a single .
enbodi nent, figure, or description thereofufor t he pur pose of strqan1|n|ng
the di scl d8PR4ET artleaings tepuhout this sesdlisriémdn dina gmbidinne or armrtedigfent he
various i nveﬂlﬁin\dﬁla%[&@‘iﬂlﬁtr fe-zl-tme,ssurﬁfgtb_ﬁ%g letﬁ‘acQﬁ‘iﬁQlc@QHBé_%bin b&ﬁﬁ@c\ﬁgﬁ with ghenot t o be
interpreted as refjegt{g%)an‘lqpenylon that the clained invention requires
more feat ur e€PRNHPFOLES &e gkiprelest grercebrdiBentionthe petrnciginten: Raitsher, as the
foll ow ng cl quaaarrcaa‘dfagtphra:sd@\fﬂ,gin'b ﬁ%b(?ﬁﬂﬁl@i(ﬁ ‘°i+1lhaﬁ ehlgﬁdﬁﬁw] it hﬁ{bugﬁl%clegeatn;f te?] .
of a single foregoin i scl osed enbodi nent. Thus, e clains fo W

DESCR! PTI'ON @P“E‘%&Nﬁ%El’“ls’r\%w“wsmé?séa%f‘%}fﬁfﬁf@%p&? Bs &y SRedPpErdted into

t hi s DESCRI Pl'ﬁli)OHu1@%1‘1%“@451’[Ehﬁ€ﬁ#{1tMEMﬁactht(h cl@&%[’oérimcghﬁgb&}éﬂmﬁﬁdﬂg on its
own as a separate. odi ment of this invention. 30 100249] Furthernore,

whi | e sonicpgﬁ%%ﬂ?%@?F%mﬁéé%W?%% 'ﬁ@?@?ﬁJWWéfﬁﬁﬁmgdﬁgSéﬂﬁhﬁgkdﬁther

f eat ures i nclradéds disvloethen oenbhadiam@ivbsimeawnbi nati ons of features of

di fferent enbodinents are nmeant to he within the scope of the invention,
and form dPoF4e} ersimilarly 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 (o 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 arc 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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enbodi nents, as woul d be understood by those skilled in the art. kw
exanple, in the follow ng clainms, any of the clained enmbodi ments can be
used in any conbination. [00250] Furthernore, some of the enbodi nents are
descri bed mWar®itnioag7a net hod or conbination of el enent ecafusaimeidsgd Mat can
be i npl emented by a processor of a 5conputer system or by other nmeans of
carrying out the function. Thus, a processor with the necessary
instructions for carrying out. such a nethod or elenent of a nmethod forns a
means f or Cammlyddmgenuuis wduhH)cdeldil@@deiy lekesmnt inhe ac. met dkadple finmther nore, an
el ement desc[()llggl 6@%11]?5' an/C())i hu (,lcl 1-[?’% ulggc:[l ?%ﬁ%lg%bvs% qua!nz r@ﬁﬂﬁiﬁ%ﬁl et gfe a

nmeans for carryln unc 1 on

ur pose of [ out the invent 02 t he description
Br O\I?i ded h8 %gloLy h'gh“mow 5* 8 & ‘Y]f fIEL(ﬁlé‘P‘é{‘i“I %‘I e Je‘?“‘?“bi“t"ﬁmwod\ﬁéver it is

under st ood thamNEMD@dhmmthobith@HhmwaﬂhhomknBMaU@uﬂﬁﬁﬁkbﬂ&d mnthout t hese

tsgg(f:llnr Iqﬁesgeﬁlgd\;l H(j)tﬂgglte(ﬂ%g Hmﬂ%&&Q tuay 15, @ut hlb?la Ction, Llaus ddﬁ%séséﬂ@tgy;ﬁs and

understand|n@&oﬁ&&NWSWMe@cm1mtwmmm&@@&ﬁﬁﬁ]mshmbmdkMQnetmmuumHBSﬁ“othermﬁse
specified, t hx@m‘s'%& L&Hyu‘i h(%t ﬁ)lEg cﬂglo %nﬁ%{ of d%? él%)% lullYl(fsltlloliu adu? qu,gtd third,

etc., to describe a o cate &fent instances
of like obje@#@ﬁaﬁ@AbéPhghweﬁéFYQMWﬂmknandlG@@phgtdMﬁmehmedwt@<mnp|y t hat

h t tenporally,
the objects &91&@1%%9&@11@% lh§hbﬁ‘ém'u'§h nerot%?%@g%f h&ﬁ!v JE‘% np

spatially, in ranking, or in any ot ou d be

appr eci algggodshpt Al Nuflich B YR %h%m*&%& DEER. JERCLL Q&Mﬁ the 20

context of th C-3 standard e I nvention |s not Ited to such
cont ext s andll%wbé lwwlﬁ%uhfn@mb@ré@eﬁm ﬁgllcdafeatl@héad@arldgywémé@ut met hods

that use techieqpRFictab@ts. AR SRARcS IWHILALLE YedhQs! s-tlﬁLQu.éS dnﬁQ&hﬁé@cgpl e,
enmbodi ments of the invention are applicable also fo decodi ng coded audi o

that is backWaf 8 Pedpatt Bidetain Bdqenpice gbsoyy H“e‘?“d@ﬁ%‘éfﬂfigrﬁéﬁ’tﬁsdeaﬂ@“%[ppl i cabl e
for decodln coded audio that is coded according to thell E- AAC st andard,
25and for %8I Yy veudernatidise opratsciseechisekases! bovpatliaicdive th | 1 E- AAC,

Ot her coded gtrfigagBofaNtdkisSide advutrhageRys J)Bjccg %féﬁ%%@ld st ng enbadi ment s of
t he present |nvent| 002541AII U S patents, U S." patent applications,

and | nt er nat "giges ¢ gkﬁ?’t%ﬁ%mﬁﬂﬁﬁﬁkﬁﬁﬁ?wBﬁ§“6@%?%ﬁ%ﬁFH@PWN@10ﬁ|ted St at es

cited herei nobguce shﬂéselbc)éd RIS POX QD@QL@MH&QL&U&GQ&Idlllyns Liey Gasskhhe Patent
Rul es or Statutes do not permt incorporation by 30reference of materi al

that itself mh%%?ﬁ’%h?@E“ nformation by reference, the incorporation by

h al herein excludes any infornmation incorporated b
:: g; g:: gzgg E?(%bg € IL”Fou C x appreciated that although the 1nvc¥u()n has been described in the P y

20 context of the I-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 HIi-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 designaling 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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such incorporated by reference material, unless such information is
explicitly incorporated heroin by reference. 1002551Any di scussion of prior
art in this specification should in no way be considered an adm ssi on
that such pro onyarnss7i s wi dely known, is publicly knownpcayysh@iiomsgpart of

t he 5general know edge in the field. [00256]1n the clains bel ow and the
description herein, any one of the terns conpris conprised of or which
conprises is an open terux that neans including at. |east. the

el ement s/ f eatwth(ﬁﬁoxtphlakdbpldl@wm Buterin fnieX @b MG ionga @k erfXﬁhut-&hUS the term
conprising, when u g i.n the clains, should not be interpreted as being
limtative t&t'R %aﬁg HLD BY M dent s or steps |isted thereafter. For

exanpl e, pe of the expressjon a device conprising A and B shoul d not
o 1T 1 OB ovt et FRRIRgT brbs ey T Bt A e I COR0A of t he
terns InC|udmhgvﬁmLMNMEth@&hUdﬁﬂdenmhakrmmahudﬁﬁnaﬁkUﬁeﬁnh&m%ln is also
an open Qgrn1&@§,rmwh% n tlllncluding at least the elenents/features that
followthe term % not excfudlng others. Thus, including is synonynous

w th and c )2571Si to be noticed that
t he tern1g§§ﬂ%L QHWHLEUmgkl“”W%ﬁ W= b %ﬁ%“wgh%ﬁfﬂ“ﬂd@”“ﬁg“PWP%?%Weted as
be| ng |im tatmlv[emtcb)idl whicl um@nmmcm@mm ©omh ymt anaes Lhcﬂlﬁ(mﬁ;o al cauHeed" and

"connected, th t rlvat
under st ood th ilé)n[t%[chuz that rr(gﬁoé{vr,e ng uxulu%ﬁ h%h&ds lhus thlg1 é@hyﬁgm?lg}ngeg%eﬁ ot her .
Thus, (he scmﬁén0$c@MQxek@mbmsb@muandeﬂm¢Emghmumpbedh¢muasdeﬂmmmmB shoul d
not be Ijg t gd OfeN h&eﬁmoro,%xﬁ;.]%mm§£§ e B ET0NE UL OF RN G A 1S

directly connec ut o L(leje“rsg%emsts a
pat h betmeenM§d3@@ﬂémﬁi@manbwdkanéwwpuvmuﬂOBthncmsﬁavdBeAaum@@h i ncl udi ng

ot her devi cege QhmiTBANEN o Q@Ml1ﬁ%du[@>{hm&d£shﬁhsct:l\ﬂgug ﬁosén%aﬁﬁt S are
either in direct phyS|caI or electrical contact, 'wo™ or nore

el ement s are“ﬂo*“@h“ﬂﬁ?%%%m%%h@%EFehP%H”Bé@hééﬁh@Hmb&@“y@tm%@¢1I co-operate

or interact WclulingaGbsOtNEincidigiOQRERhold Wit anthichR cbiffignghas been
described what are believed to be the preferred enbodlnents of the

i nventi oy, jobd30p € Sskilldrly &isidhd ddBced@ak the Wirh! coﬁlﬁéaoxglwn%ﬁdtl@ b cAmhked rho@l'ad further
modi fications may be made thereto without departing fromthe splrlt of the

i nventi on, aﬁH’TW“ﬂguﬁhféﬁﬁéamﬂﬁwﬁW&WHf%PPméUH%0@hdﬁgé§“andmﬁﬁﬁﬂﬁ4catlons

as fall w thtdntchedscopewiof th&h&lﬂvﬂl&@@ﬁﬂa?ﬂu ude®@]ie shEN@PPhRersBRY iRl as gi ven
above are nerely re resggtatlve of 30procedures that may be used.

Functi onal i t {"Hey BE14Y H“EywH%Wﬁfﬁﬂd?WBﬁfPWét%?b%k‘ﬁﬂ%gﬁ%ﬁﬁo%ﬁd

oper ati ons mmymbexbmﬂaﬁmhamgﬁdsanmﬂgmﬂun@hw@mﬁkwakang@&ﬁsw&&@ﬁ%nﬂay be
added or deleg ﬁgkp TE 9 tescr d Wit hi qé& ﬁg Ee present

i nventi on. R th“dL Pﬂgﬁé? 9 g AR Y blbﬁépm&t”ﬂéﬁﬁﬁe audi o
data that i nccdmlidl@sw«enamde;dubf@@kganofxpult\lom Whﬂmnﬂﬂl&ﬂfdtlﬁudh(ﬁngﬂﬁlﬁ@ to form

decoded audi ta audj.o, 1\4?1, n
bel ng t he nu(?‘)%ﬁ/lg?s (El)fll%/ %W (;&)rl]% L(lll I]lde/ lllLdP ldhlt O Ol 1é).lﬁ/ﬁje DLI’I[S ﬁl(, LHléLI gln(hléjﬂed aUdl o
data, and nnﬁewn@omh@unnhb@nuoﬁLHMnMURnewusmnymehﬁﬂDUSdnhannmkSan t he

decoded audi 9. data thod. ¢ ) accepting the audio data
t hat includéébg? CQELO %@E gqgﬁggﬁajméwguggh%hlaudlo data encoded by an

encodi NG5 r[b"éz@@jd’ l[’lLtlleWﬁlﬂ, LRQ!, P& v (J:!Q(/glbb(p LY Qm %glcv«[da[n% e prcpegre(ll\l

cmbodiments 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
itis 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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10channel s of digital audio data, and form ng and packing frequency domain
exponent and manti ssa data; and decodi ng the accepted audi o data,

t he decodi ng including: unpacki ng and decodi ng the frequency donain
exponent and nmanti ssa dat a; determ ni ng transform
coefficients fromthe unpacked and decoded frequency 15domai n exponent and
mant i ssa dat a; i nverse transformng the frequency donmain data and
applying |"urther processing to determ ne sanpled audio data; and

ti me domai nCdovitvis xi ng at | east sonme bl ocks of the determ ned sanpled audio
data according to downm xi ng data for the case IWN, 20wherein the tine
domai n downm xi ng i ncludes testing whet her the downm xi ng data are changed

from previously Hsgdihd@wWindpeidi@gdat dudidN@eodef & RRBGRaudRPRLMI RS includes
cross-fading to determ ne cross-|aded downm xi ng data and tinme donain

downmi xi ng &e8sdbPIREks: & N Hehapipdsof ddevdate ith firki degodrataadioadnda that ingbidemnged,
directlysti d i 141 C di : i XN 2. The
met hod a%cogg?ngﬁ?ggéﬁg?%g%%a3ﬁg@é§ﬁ£%ﬁggﬁé ﬁ%ﬂﬁ?ﬂg?ugééwi%%ﬂ?b%@?ﬁ%“%ne or
mor e non- coptanhgetin iy oltadadedwslioflatt hedNinrbeingptht nohdanefl bw &equency effects

non-contributing channel being a channel that does not contribute to the Mn
channel s, aﬁﬁmﬂﬁ%Pb@ﬁg?%ﬁeﬁﬁﬁﬁ%gd&gg%”ﬁ%?é8§PP¥$%%t i nverse transforning
the frequency domRemingahe aadid dabethaPRbiiagoBOiwtarchriREkessSERedQNadhe one

or nore identified non-contrijbuting channels. transform ng and applying
further prot¥dsnepyedby apsnceding msthoguthe srcqdme method irsdubing {rarsfrating Niannel

5 4. Thegret MQnﬁgﬁpﬂigitﬂgiuHB Flafly formi}es i&cf(ing ﬁ?Hgén y et Gint dk Bnégﬂgnjxd“'des

encoded bl ocks includes information that define ownm xi ng,
wher ei n t hempgfésse ildtgiand one or nore non-contributing channel s uses the

I nformation that de%géiinget?letg]c%e&&ym ar{I]-d%(Oi Qi%t‘a, the decoding including: unpacking and

decoding the frequency domain exponent and mantissa data;

determining transform coefficients from the unpacked and decoded frequency

15  domain exponent and mantissa data;

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 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.

25
2. The method according to claim 1, wherein 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 wherein the method
does not carry out inverse transtorming the frequency domain data and the applying

30 further processing on the one or more identified non-contributing channels.
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105. The met hod according to claim4, wherein the information that defines
t he downm xi ng includes mx | evel paraneters that have predefined val ues
that indicate that one or nore channels are non-contributing channels.

6. The nmethod according to claim2, wherein the identifying one or nore non-
15 contributing channels further includes identifying whether one or nore
channel s have an insignificant anount of content relative to one or nore
ot her channel s, wherein the identifying whether one or nore channels have
an insignificant anount of content relative to one or nore other channels
i ncludes copparing the difference of a neasure of content anpbunt between
pairs of channel 1% gciodetqeansling {hcEdn ol dVasein oy~ waed & suolp thahdAvisse has
an insignifj . : N4 Veat Lo

nergy o abeo i aPANE RO RRTE SR Be ) SIHIS GTANTRY Kinkhs
channel or ¢fifect gkpnseler gy or absolute level is at |least 18 dB bel ow that of
the othey channel or if its energy or absolute level is at |least 25 dB
bel ow t hat of the other channel. 257.The nmethod according to claim1,

wher ei n t he4t r anslicomaihng aceording tenzodi2ngvharirihd augesdagnthat includes encoded

over | apped-t ransf or and wherein the further processi i.nc| udes appl yi ng
wi ndow ng af’faaz?v@f?%ug%. Qi i &ﬁ@n%sotﬁaéipwwa&sﬂgﬁpvpl IR R HRERAe

8.' the met het @#6eE dbmgodt@balnd dihdnel WRES @k MhibiisRaRditheTaicRAnhiGhydes
form ng 30and packing netadata related to the frequency domai n exponent and
manti ssa data, the netadata optionally including netadata related to
transie pE e- - NPl C i : o Xl 1 T :

accordiﬂé t% clggﬁfﬁfg&ﬁegéﬁﬁmg%gp g%gdgr%ﬂgg% g% ngg?gghgﬁﬁggkmggﬂm
processor whogeniximgtindoddsomxdetel pavhgaesthst iraea piadglisidngles ithes i rdictd hat

mul tiple da6§h§¥ﬁﬁgsﬁon§ éSSE cogﬁgLsiﬂﬁlvqctor instructions, and wherein
the time dorai N dowim X Hg S WEr Qe M AFRE Vect or i nstructions on at | east
one of the one or nore x86 processors. 1010. The nmethod according to claim

I, wherein the accepted audio data are in the formof a bitstream of franes
of coded dat-a, ahtf WEEPdiascoHBZd@cedinhg. Mhersar the [dspelyingners ar gwre gpn-

front-epd deqasifi %ﬁz%tnie@ '?tcl‘l’th&r?ﬁjch e?l g(}etnﬁfg/i )a&/hétﬁé}%ng%?ggﬁe %ﬁ!lﬁ%%?\%:an the

front-end decode operations i ncludi hpackl ng and deco
frequency dosgnificaxponemnt cdndniwantdlssa Wate of nard ptee cbinrelse whictedt theam

i nt o unpacked and de ed frequency, 15 domai n expongnt and nti ssa data
for the fréﬁ%ﬁﬁgﬁg Yﬁ%grr%ﬁ%pér%%gd*l%ﬁ§iﬁ%wﬁﬁ?éﬁ%?ﬂﬁ“?ﬁémﬁgggptﬁﬁnﬁ%%ode
oper at i ons ichciveidi g drheordetier ohaninelg iiudeheohpamgfits afeeats bei eRbSIe dthe
inverse transform ng apd appl ying further processing, applying any required
transi ent pro8ibid %ﬂrggﬁﬁgfﬁﬁ”ﬁé%dﬁ?ﬁﬁ?sHhafﬁB%Hﬁﬁ%Fﬁﬁﬁfﬁ“@ﬁé WE KN,

201 1. They medHanstl ae£Qf BkiifiGhRium dQonehekRiile tholiePBlm@Rdr HEEREAS or
operations are carried out in a first pass thllowed by a second paSs, the

first pass ahspiicilayahés aipracki tig brlewabieitod t @bde-chynns| ock itancbrenol sigolptsi nter s
to where the,nackadexpanelo At UPAL BRAAARE JiPiSLRrE: 808, EN& PREON
pass conprising using the saved pointers to e packe xponenfs and
mant i ssas, anhchsiipdt kélog tlandf deotidir ngpnexlponent and nmanti ssa data
25channel - by- channel .
25 7. The method according to claim 1, 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.

8. The method according to claim 1, wherein the encoding method includes forming

30 and packing metadata related to the frequency domain exponent and mantissa data, the
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12. The met hod according to claiml, wherein the encoded audi o data are
encoded according to one of the set of' standards consisting of the AC 3
standard, the E-AC- 3 standard, and the HE- AAC standard. 30 13. A
conput er -r eadabl e storage nedi um storing decodi ng instructions that when
executed by one or nore processors of a processing systemcarrying out of a
nmet hod of decodi ng audi o data that includes encoded bl ocks of N n channels
of audio data to form decoded audi o data that includes M m channels of
decoded audmeiad¥ih optiolpdiynigeltithieg miernita eladdw fasguepeynotdcfectessichamhel s in
t he encoded audi o.data, and in being the 5nunber of |ow frequency effects
channel s i nd¢%¥"§8ded audio data, the method conprising: accepting
the audi o data that includes bl ocks of N n channels of encoded audi o data
encoded by an encodi ng nmet hod, the encodi ng met hod including transformng
N. n channel & of EW@FF%PddﬁdW@“thhda@hd PRI cadrgodcieeh gl faadqeen¥sp

donai n eg(poﬂl%@éss&n%hém%hhé% dat geiand sgc,ed?rggzli; )tlﬁﬂ%ﬁ GGt edigyd edat a,

t he decodi ng i ncl udi ng: unpacki ng and deco % frequency donai n
exponent andHWﬁnmﬁséﬁﬁﬂasaﬂpd%ngrwmmmngwmwams$oamicwbmémcnmmﬂsmimbnmhhe
SRR S T R eI e
determ ne samm&@dsaudlo data and ti me domai n downm xi ng at | east
sone blocks ()I' the determ ned sanpl ed audi o data according to downm Xxi ng
data for the case MN, wherein the time domain dowmixing includes testing
whet her |4 hel@omm%h@lﬂod g&ogcﬁﬁ@toadflﬁmch‘%\nﬁ% fhe QR BIRILANSIa¥a 48 FnE @AM Xi ng
data, and, i changed, applying cross fading to determ ne cross-faded

downmi xi ng efiat bitstiem toff rﬁ@rrd@ rhrered shwaningd wereio dor dicnding ds phibti@ed suio haded
downmi xi ng _

accordi ng tg@% e ggﬁ%&?ﬁ%%nggggqmsgﬁ%$$ﬁg&¥d%%u §§£? éﬂ%gﬁgﬂﬂ%§¥ﬁgguhedlum
as reCItedbdmpdéamﬁMﬁﬂsUMME?Q}WGMhﬁmkm%hDddBﬂdh@ﬂFSﬁB¢ﬁmtyﬂMhmge@gﬁwﬁw nor e
non-contri butjng channel s. o channe 0 i buting
channel beiﬂﬁII €%§%ﬁ@ ?%%t“ﬂd@%phﬁtmﬁgﬁy?ﬂ @t%“?@wgﬁﬁﬂ “8%@ ﬁ@?@“qhnd

t hat t hes meddiadn do@sndh@tand bt tdatan Y& &€ frh@asher M GralRe AdceapANGE
domain data and the applying further processing on the one or nore

i dentifi ed megdatgoibeiaeksud ﬂﬁ@)d@ﬁm@r@@pgs including the determining of the transform

coefficients, the inverse transforming and applying further processing, applying any

required transient pre-noise processing decoding, and downmixing in the case M<N.

20 11. The method according to claim 10, 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 mantissa data

25  channel-by-channel.
12. The method according to claim 1, 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, and the HE-AAC standard.

13. A computer-readable storage medium storing decoding instructions that when
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15. The conputer-readabl e storage nediumas recited in claim14, wherein n=1
and m=0, such that inverse transform ng and applying further processing are
not carried out on the | ow frequency effect channel. 516. The

conput er -readabl e storage nediumas recited in claim14, wherein the audio
data that includes encoded bl ocks includes information that defines the
downm xi ng, and wherein the identifying one or nore non-contributing
channel s uses the information that defines the downm xing. 1017. The

conput er - r eaxkabled bytone agenarediagessas af eqiro@dsingsystea rarly3ng witerfei methbkof
encodi ng nethod. i ncludes form and i adata rel.ated to the
frequency dS%C&gWge%‘éﬁ‘Sn‘ga “’%'&C@aﬁ ‘?‘?g‘g‘%@g‘e‘g‘g Om” ﬁ@%“ﬁﬁlét(’ga% ?id?)tﬁé?l? m

i ncl udi ng netadat audiel@tethat hcluded il BNELARANEs WP dBEodel QRERS INIGL, aNdeh® the
downm xi ng. 1518. The conputer-readabl e storage nediumas recited in claim
13, wher ei n"¥ReE g dewslisangnayifesin shaenaiaisthe racesied pydie dags apd o beigsrtke whose
respectiye Lpgb&ust 1QN mehedd)CLMARS RIMERMNGeSIRBI& LIFLTBEL 1 Q0 AUhsd P! €
data extensions (SSE) conpris$ing vector instructions, and wherein the tine
domai n downg@mpiigng: ncl udes runni ng vector instructions on at |east one of
the one or nore Rr [ Sy . 2f .1The. uter-r abl e. st or age edi um
as recited in cl %?%@@%gﬁgggidﬁmt %%Tl%élgg%t @gala)suoc]ﬁ?l)’ncfgl? ’gnegsr %f ?nr%gg%ea%dbor m of
a bitstreamiaf ehecdd by af cnodng detlad, tadnvdiieinethbl éndeding iragforming N.n
partitioned intqg a.set of front-end decode operations, and a set of back-
Prd decode. BiEBPGE PERE eI b e S CpE dteniey RREE B Ry Phent
unpacki ng ap@ntigddslecedi ng the frequency domai n exponent and mantissa data
of a frane of' the bitstreaminto unpacked and decoded frequency donain
exponent and manddcediag firagcdnded audéo data ithe degeding melutlingire’ s acconpanyi ng
metadata, the b%ﬁ)aaﬂﬁ'g @qudlgg%eaﬂ‘éqgg&ﬁ: 'd@ﬁllaHldéxggnetnt[]gnodr?lglﬁfsga teﬂg of the
transform coefficients; the I nverse transfor m ng and applying further
processi ng, appl gaterquidng tragsfoirm exbefficansi gom (he emnpaikee qolodresdidnfreqecodi ng,
and 30downm, xi ng in the 8ase_.l\/l<l\{5 - 20. An apparatus for processing audio
data to decg(agal?ﬁépoé?ﬁ'&ti% FHRESPHEE i nel udes encoded bl ocks of N.n channel s

of audi g5 dat a t oinf@senraiecadas audiQueaataidnbat dichydpsly rfuﬁlmrya&ie&m%f ,
S in

decoded audio; M, n being the nunber of |ow frequency effects channe
the encodedioalffirpingempleddudimdsisi #y t he nunber of | ow frequency effects

channel s in the t‘aﬁgggﬁgina&b@si/n%igﬁﬁgaa’t 1B FRNAE AL W tﬁeoﬁraéljnﬁherbgs'ampled audio

data according to downmixing data for the case M<N,
wherein the time domain downmixing includes testing whether the downmixing
20 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.

25 14.  The computer-readable storage medium as recited in claim 13, wherein 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 the applying further processing on the one or more identified non-

30 contributing channels.
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at | east one processor and storage coupled to the processor, wherein the
apparatus is configured to: decode audi o data that includes encoded
bl ocks of N.n channels of audio data to form decoded audi o data that

i ncl udes Mn channel s of decoded audio, M-I, n being the 10 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
decodi ng the audi o data conpri si ng: accepting in the apparatus the
audi o data that Tihctudeserbkeabkl vdrads rmedihmmseiesite«i&in&ﬂuifxdlgld w&xaﬁkfgﬂnﬂdlam?d _
encoded by an,encodi nmet hod, .t he encgodi ng nmet hod incl.udi ng 15t ransform ng
N channat 8797 CGR A B e wht e AP Bha TP ks g i ety
donmai n exposeiie |anteG@iti s&ectdpimel. and decodi ng the accepted audio
data, the decoding including: unpacking and decodi ng the frsquency domai n
exponent and manti ssa dat a; determ ning transform
coefficientggfromd él%ﬁ!iﬁ?%é%%@le%ma&%é’cﬁﬁﬂ o G‘ﬁ:@é?ﬂpéﬁa%?qgmgﬁe%iﬁ)ﬂ%q ant and
mant i ssa dat a; . Inverse transformng the frequency donain data and
appl yi ng fud@héﬁtpwb©e$@Wn@atUOd@Ueﬂmkmaﬁsamﬁkmdhawdﬁmmdwtamwandu@imgi N
time domain WML X E .at |l east sone blocks of the determ ned sar ~audi o
dat a accordWﬁ% ‘ghéégﬁ%giﬁhﬁ“ﬂﬁﬂgP‘6@“?8@“§§¥§‘WEmﬁgigﬁﬁgﬁéJﬁ” ﬁggiﬁﬁb
domai n dowmhifiientheidoehmibesg.t est i ng whet her the downm xi ng data are changed
from previously used downni xing data, and, if changed; applying _
cross-fading to determ ne cross-faded downni xing data and tinme domain

downm xing accor fidgohputbiNRagdbs SrobAdeeHOMNE ¥idi@d dat @ainNd, Whetilc hignged,
directly time domain downnixing according to the downm xi lig data. 30

21. The appgicading meghoddagludas fpming aﬂW@@l,l1ngféad@tan‘eka]E¢é tordteHoueimgldede s
identifyin r nQN- th] ' S. the In

channel 5. "SRR B REnARR FRL AL b SRR B bar ey "Bl 0
contri but e transteheprkinorse phaassdigsandandowinaixitghe net hod does not carry out
inverse transform ng the frequency domain data and the applying further
processing on the one or nore identified non-contributing channels. 22.

The apperat s asTheecohpdelRaddbdd Rodbe MWBANAI B Recle@NA dIMTO.13S Whibret @te
inverse transformng and %ﬁglylng further processing are not carried out on
the | ow f r elfQesseie TSR inctisien9ag or more P8 proprssep HAOSE 1espagve Beirtasignispt cl ai m
21, wherein i,o: dat: b e c [ .

i nformati onm%lﬂg?sasg%? ‘9#@?‘?%‘%h%‘&%ﬂ%&i?’ﬂg,ﬁ"eﬁaﬁg%ﬁg@% hg5 iragllgﬁﬁlgﬁ%/ivﬁcgtmone or
mor e non- coinstrichiond, ngndc vdreneh sthasemet Hanainf dowmhixar tihdtdedefunnigg végor
downmi xi ng. instructions on at least one of the one or more x86 processors.

20
19. The computer-readable storage medium as recited in claim 13, wherein the
accepted audio data are in the form of a bitstream of frames of coded data, and wherein
the decoding is partitioned into a set of front-end decode operations, and a set of back-
end decode operations, the front-end decode operations including the unpacking and

25 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 decode operations including the
determining of the transform coefficients, the inverse transforming and applying further
processing, applying any required ftransient pre-noise processing decoding, and

30  downmixing in the case M<N.
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| S24. The apparatus as recited in claim20, wherein the encodi ng nethod

i ncludes form ng and packing netadata related to the frequency domain
exponent and manti ssa data, the netadata optionally including netadata
related to transient pre-noise processing and to downm xi ng. 2025. The
apparatus as recited in claim20, wherein the at | east one processor

i ncl udes one or nore x86 processors whose respective instruction set

i ncl udes stream ng single instruction nultiple data extensions (SSE)

conpri si ng Q@ctoAnhmsmaw@Ubonsmeah@zmhér@ﬁmtmHeutknhed?ﬁakhudﬁmnhkkﬂag -
i ncl udes runni ector.instructions on at |east one of the one or re x
processors.e%gggngQS”gp ALl dud dalg g ’@V&?Wﬁ?d?mﬁh§¥%f 1Wﬁ@m%
accepted audi.@ eahaelane desvdeheantior mof, bdhi st eamafoff bamsqrhccogad dat a,
and wherein the decoding is partitioned into a set of front-end decode

oper at i ons, “ligela s dtc @rogpslciudin datgedde bspr e ingmber phbv fiepienciepliectecode
oper ati ons | { K| Al i itine. frequency donain

30exponeﬂt g%@hﬁgggggEg%gg?gﬂg$Hggﬁﬁgﬂ%ggﬁggﬁgggﬁggtrean1into unpacked and
decoded frequency ldsheicrprescpemend stande pmupladgs thedab@sfoor the frame, and the

frame's acconp i.ng . adat a,. the. back-end decode operations including
t he deternininga§¥&§%éﬂ$%§%§'gfﬁg%gilgﬁé?ents, the inverse transform ng and

appl yi ng furtherdgpocasso dga tapphatideg cadyled BRUky SN I EHABHNbl IRy MOA &L
processi ng 90?1%%%&:&%6 a@gllg dceiltoa tlerl?i%(élg esll\?‘n} cFange ggf cll\e/:%oNded audio, M>1, n being the

10 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 decoding the
audio data comprising:

accepting in the apparatus the audio data that includes blocks of N.n channels of
encoded audio data encoded by an encoding method, the encoding method including

15 transforming N.n channels of digital audio data, and forming and packing frequency
domain exponent and mantissa data; and

decoding the accepted audio data, the decoding including: unpacking and
decoding the frequency domain exponent and mantissa data;

determining transform coefficients from the unpacked and decoded frequency

20 domain exponent and mantissa data;

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,

25 wherein 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.
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21. The apparatus as recited in claim 20, wherein 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 the applying further

processing on the one or more identified non-contributing channels.

22. The apparatus as recited in claim 21, wherein n=1 and m=0, such that inverse
transforming and applying further processing are not carried out on the low frequency

effect channel.

23.  The apparatus as recited in claim 21, 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.

24.  The apparatus as recited in claim 20, wherein the encoding method includes
forming and packing metadata related to the frequency domain exponent and mantissa
data, the metadata optionally including metadata related to transient pre-noise processing

and to downmixing.

25. The apparatus as recited in claim 20, wherein the at least one processor includes
one or more x86 processors whose respective 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.

26.  The apparatus as recited in claim 20, wherein the accepted audio data are in the
form of a bitstream of frames of coded data, and wherein the decoding is partitioned into
a set of front-end decode operations, and a set of back-end decode operations, the front-
end decode operations including 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
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accompanying metadata, the back-end decode operations including the determining of the
transform coefficients, the inverse transforming and applying further processing,
applying any required transient pre-noise processing decoding, and downmixing in the

case M<N.

65



