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

CROSS- REFERENCE TO RELATED APPLI CATIONS clainms priority to United States
Provi si onwsib 2Pareed67 Appl i cation No. 61/305,871, filed 18pEshrso@ny2£8040, and
United States Provisional Patent Application No. 61/359,763, filed 29 June
2010, both hereby incorporated by reference in each entireties. FIELD OF
THE | NVENTI ON [ 0001] The present disclosure relates generally to audio

si gnal processing. BACKGROUND [ 0002] Digital audio data conpression has
beconme an i npor tAUWDIQ BEGODRER AND DECQRING METHOD USINGEFFIGIENT s have been
i ntroduced that allow high qualityDOWNMIXING oducti on wi thout the need for
the high data bandwi dth that would be required using traditional

t echni ques. AC- 3 andCRQSS-REFERENCETOaREEATED-APPHCATIONScodi ng t echnol ogy
has been adopted by the Advanced Tel evi sion Systens Committee (ATSC) as the
audi o serclhimeprstrgndddtefl StatdsiPyviderfal Riterit dyppifestiew Noi @3 ISHDTMled BB t he Uni t ed

St at es. - . lLi caty el ST ias{digi tal video
di sc) aﬁ%v egtlg?gcztﬁ ?@gﬁ%ﬁﬁf%ﬁﬁ&%ﬂggggﬁﬁ ljﬁgﬁ@@?ﬁcgt%gn éxg/%pg?%gtt%{lfegezrgcept ual
codi ng, dmak 39 o\vodesrdbyrincawiratgl puketergpeeinglacinensikrgienf digital audio to a
bitstream of coded audi o and netadata. [0003] There is interest in

efficiently decoding a coded gli®dF tTHEUINFENTIONT exanple, the battery
life of portable devices is mainly limted by the energy consunption of its

mai N pr ogeopd] ng ThaiptesentldBclones GyataeosaHIpL th @idiokighal praeesigi Ng unit i s
closely related to the conputational conplexity of its tasks. Hence,

reduci ng the average conputati OnalB@%’I@h@im of a portable audio
processi ng system shoul d extend the battery ?i fe of such a system [0004]

The terngadd) i s sgmaramiy adReahstRRM HBYbdcbRs 8n hapor@sk Sdhhlghe iMthd ARArt to

refer to a famly of processor instruction set architectures whose origins
trace back PérsthdNgntemaghee hseniaaedysed thagallogdhigh qustitytaydiogenradhction of t he

X86 i nst r ucjuRRe e GleddbrRl hgh itk Pandwlfth thaR SRldibe rdaled &l dduiRhki ciently
decodi ng a coded audi o bit Streamon a processor or processing systemthat

has an x86 kewiquat tilohakmommedntd elbthanesd ANBAYE-décdrering igshertegitesi ons are
general in &%\‘#o%ted"é@'tﬂeeA&Iaﬂgédsrei’erv?sio%%‘ayQHeifnk el leageed hoLugiredded

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

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

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

system.

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

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

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



processors, such as AMD s Geode and the new Intel Atom are exanpl es of
32-bit and 64-bit designs that use the x86 instruction set and that are
bei ng usewoOi2niigweds’ port abl e devi ces. BRI EF DESCRI PTI ONPOF/UBRIH 108359 NGS
[0005] FIG 1 shows pseudocode 100 for instructions that, when execut ed,
carry out a typical AC- 3 decoding process. [0006] FIGS. 2A-2D show, in
sinplified block diagramform sone different decoder configurations that

can advant agefushyhtSRe &8O insHXK R n SQNAD halRE BeiRS usell @01 fokEhle 3 shows a
pseudocode and a sinplified block diagram of one enbodi nrent of a front-end

decode nmodufe¥ice§ 0008] FIG 4 shows a sinplified data flow diagramfor the
operation of one enbodi nent of a front-end decode nodule. [0009] FIG 5A
shows pseudocode and a <BRIEF DESCRIPTION OF THEBDRHEWINGS enbodi nent of a
back-end decode nodule. [0010] FIG 5B shows pseudocode and a sinplified
bl ock di 4008 ofFlanbshess pentdowideddit foofnsaudiaakthendhaexodeedrodi @t a[ 001 1]

FIG 6 shows_.a s{~Rl.fi fl ow diagram for the operation of one
Erbodi mant SpRa AR ubeddffl LG T O 0L [0012] FIG 7 shows a sinplified

data flo i_agr 0 e operation not her enbodi ment of .a back-end
Gocode. mittpeE”" Ao pPanSE ianbdst bos i 5 et Bibedl dBnt of
processi ng doafig@atdas kraeth sdegegeonsBdisk endotahorasothfen edeulsiown in FIG 7.
[0014] FIG 9 shows an exanpl e of processing five blocks that includes

downmi xi figoo7] OMEPG 13 §dws o PsdtdbMde aR LARBHiTBNSkQUiaghf8 o PERSAMbaikIAUEL | ON T or
t he case of a nonoverlap transformthat includes dowmm xing fromb5.1 to

2. 0. [0015]2frpngend decopomeddnot her exanpl e of processing five bl ocks that

i ncl udes downm xing from5.1 to 2.0 using an enbodi nent of the present

i nvent 1010408t t HEGchgwewoh samplidive fita fpwriggtanafes freropera{i@0dfhe Fn®diddntishows a
fﬁqfﬁf%;%&ﬂ”feoenbw' ment of time domain downm xi ng.[ 001 7]

sinmplified doco
FIG 12 shoﬁaeﬂébng?rr% ck di agram of one enbodi nent of a processing

System ¢ gloal "o HEES, 5826008 BT £SRRR A0S AR SRR o
a back-end decode module.

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

15 embodiment of a back-end decode module.

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

of a back-end decode module.

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

embodiment of a back-end decode module.

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

module such as the one shown in FIG. 7.

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

overlap transform that includes downmixing from 5.1 to 2.0.

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

an overlapping transform.

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

downmixing.



or nore features of the present invention. DESCRI PTI ON OF EXAMPLE

EVMBODI MENTS Overvi ew [ 0018] Enbodi nents of the present invention include a
met hod, awoappamaisas, and | ogi c encoded in one or nore eoRfR@n/ eiasiabl e
tangi ble nmediumto carry out actions. [001 9] Particul ar enbodi nents

i nclude a nethod of operating an audi o decoder to decode audi o data that

i ncl udes encoded bl ocks of N.n channels of audio data to form decoded audi o

dat a t hatjog1?¢! udgs. M M&HaGARISePhlodesa2d8d oAUl Guboltkdent & HRbRG&iANe nunber
of |ow frequency effects channels in the encoded audi o data, and m being

t he nunber YtemalgtinclyaeHdgasedne SErcesseyid il san Garry RBt dteebpk Nclidiiecondat a. The

met hod conpgis&s rAGEERT IHGrdsBR iAkdiG. data that includes blocks of Nn
channel s of encoded audi o data encoded by an encodi ng net hod that includes

transform ng N.n chann I Qi t ' foLm ng and packi ng
frequency domain expon%%‘gwﬁhtcﬁéggw%m@@&%f%g t he accepted
audi o data. .The .decodi ng i ncl udes: unpacki ng and decodi ng the frequency
domai n Bxpof¥FVield mantissa data: determining transform coefficients from

the “”pa‘i&ﬁﬁéa”dﬂ&%ﬁﬁf%gs RSB AR MefAPORER d,%ﬂqPé}E?ﬂ%si, ?r?daio%@t a,

i nverse transform ng requency domal n a and 'app urther
processi ng dénoodddtieom arengacqhmetraerdpide dagiale gl ionmrg oneiciogownm Xxi ng at
| east some bl ocks of the determ ned sanpl ed audi o data according to

downmi xi nep19pt a HaficulahemEameeddiheludd a hMedsd ofspRradhg M audBl decadvd (ddecdbd t r ue:
[ 0020] Al being thﬁt .the decodi ng inc|udes determ ni nag%)bl ock by bl ock

whet her t o A9 dptarthad drrdiles cnea it Hodrd Antrinehryelof fydiedad ipdPim 8wl xi ng, and

if it i1s def@obanafafiiuds MehichatbRbf HcBad Aol Yn bdiQOME REHbH QRN
downmi xi ng, applying frequency domai n downm xi ng for the particul ar bl ock,

[0021 ] Bl feurryyieHssts ehiands mehugneded 2adiadaidanddn boiey heaaembasf Ny whet her

the downm XirQ@ed3lfeat raahaNBE: dcOMIRLEY dNUSTHE HERS Qﬁlgﬂms)ﬁh&gth@? a, and,
i f changed, applying cross-fading to determ ne cross-faded downm xi ng data

and tine doharyliidimibridinelgdes blaskaeign canpele ogngedediagdie datd 60k Pnep dat a,

and i unchangffly mlihbE Gl eihddl®rafQomlif dAMTHXIRY d%ﬁ&l%ﬁib'?ﬂta? fhgt e

b
downm xi ng data,” and[ 0022] C being that the nethod I ncludes 1dentifying

one or 1Aor eforing eachpacking fiequpnehdmmrah expofient hied Namissandats amchdeedhgthe a
non-contri b&&éﬂ?egi a(fl&%r}ﬂﬁl Tlpee&eggdigg &Qﬁ&é&ehnptakiéﬁg ﬂl%%coding the frequency
domain exponent and mantissa data; determining transform coefficients from the
unpacked and decoded frequency domain exponent and mantissa data; inverse
transforming the frequency domain data and applying further processing to determine
20 sampled audio data; and time domain downmixing at least some blocks of the determined
sampled audio data according to downmixing data for the case M<N. At least one of Al,

B1, and C1 is true:

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

downmixing for the particular block,

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

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

time domain downmixing according to the downmixing data, and



not contribute to the M mchannels, and that the nethod does not carry out
i nverse transform ng the frequency domain data and the applying further
processi yoanitttoede7dent i fi ed one or nore non-contri buti rgTAISamNARIS33 [ 0023]
Particul ar enbodi ments of the invention include a conputer-readabl e storage
medi um st oring decodi ng instructions that when executed by one or nore
processors of a processing system cause the processing systemto carry out

decodi ng ]J@O%Qi 0 datRidohBd: 1l hslEfic1Bns ealadryQmk or AbreMon-ceh@Bngles of audio

data to form decoded audi o data that includes M m channels of decoded
audi 0, M>1, chanisds (ghalfa ippupthenandds. angivceabiiing chanaskhees chpshdriglopn t he

encoded audifp Gifigie AN MR EhAdell M6d ’E}{émﬂg IneffoaldBW dof EAHEREHVEES €Ct S

channels in the decoded audi o data. The decoding instructions include:
i nst ruct i onsansfeaningiher{reguensy tewaio datg andhe aprlying further prachisgngion et hat

i ncl udeg blig%lgigiegtgﬁ%rqn&gg&ggdn% ftin%aﬁ:a%ge[qg audi o data encoded by an

encodi ng net e encodi ng nmethod I ncluding transform ng N. n channel s of

di gi tal o d nd formn d. packi ng. frequency dopgi n exponent and
it | osa teeh. T REERbRE Pt ARG PP Dt SR P E e SR e "t he
accept ed augédiudaiosing dveding sdstrugionOthst Winatexvduesxd bgxae vit 1eoke patssotecadi Ng

i nclude: instructions that when executed cause unpacki ng.and decodi ng the
frequency dOHETERDOHEAT: AP FSSACHAD 2y L CFati o et nen

execut ed caysledesdehedsd Blotig df NangafidR sleedibidela@nicemideaned halidmpagked and
decoded frequency donmai n_exponent and mantissa data; instructions that when

execut €8 calsBdgsN-ar angelsp{deended prlic. ke ls pbging i uaBAERT O EPHARd appl yi ng

further progrRsgicRenti i@t efddifLadRmateL th@H Bb@g dRtmbansd 1&@%@4&3&9 ons that
when executed cause ascertaining if MN and instructions that when executed

cause ti me Ybsuichanaehimihg dergded aundivgeta. dbpdecpiipg jostrgtionHaclads er mi ned sanpl ed

audi o dat a @GeRli6HsMeht e HOWRRLXERS. Q@éﬁin%fthe'\éﬁhlodﬁ@atﬁa@%ﬁud@@ﬁo&& of&n B2, and
C2 is true: [0024] A2 being that the instructions that when executed cause

decodi ng i nehapreds qf gaeaded aydendats ¢neodagitean ereadingektiagude copodmematiadg bl ock by
bl ock et h - b3 ] X 1 Tai N
downm \Q?ngﬁﬁgﬁ%lﬂ% ﬁgrﬁ%glﬁgﬁg %?%%ngl@%gg%ﬁ% a@glﬁ(g[émgépﬁy?ng reguency
domai n downimgeemy dofnaintexpanedietnd mminhiesd diitarand inpanetionsithar wikneakeuted capsel y

1 auencs SATRR SOl hEOZ5L FRPEAR DR AL AR SRR ¢, o,
previ ousl y iusled:: downtioxs thgt wiahaxeard caist voprakige dpdpbyingithe dreqemef adi ng t o
deterine Ccio?nsa% f]:cxapgr?ecrllt gr%vmmtiégancﬂtag%gt?‘uc?iggs tEleiltn\X‘/?heg %)r;g%:iutrf]:d cause determining
20 transform coefficients from the unpacked and decoded frequency domain exponent and

mantissa data; instructions that when executed cause inverse transforming the frequency

domain data and applying further processing to determine sampled audio data; and

instructions that when executed cause ascertaining if M<N and instructions that when

executed cause time domain downmixing at least some blocks of the determined sampled

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

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

30 block to apply frequency domain downmixing,

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

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



downm xi ng according to the cross-faded downm xi ng data, and if unchanged,
directly tinme domai n downm xi ng according to the downm xi ng data, and

[ 0026] Cawbebngiordsat the instructions that when execut edCTas@® 1823563]i ng

i nclude identifying one or nore non-contributing channels of the N n input
channel s, a noncontri buting channel being a channel that does not
contribute to the M mchannels, and that the nethod does not carry out

i nverse tragplyrng rhdigy tt)rdegﬁﬁlﬂ@ymgtomdno%mma%n@att%tﬁﬁ@&dﬂlm further
processing on the one or nore identified non-contributing channels. [0027]

Parti cul ar ®WHodriaeatcsrdingdp theerepn-fadsp dpwpikinesiataprnsldburchapgeddifegtdat a t o

decode the tﬁﬂga&nﬂﬁhﬁvﬂlﬂ&fng ABGrH t%tﬁ@ xﬁlg@&tﬁsan gf N.n channels of audio
data to form decoded audio "data t i ncludes°M m channel s of decoded

di o, | h
audi o “3%002.68 dg(tzgt,%mgﬂ t’ﬁtéb”ﬁs‘?fuc&g t&ﬁthﬁ%e&%ﬁgg ca\%ﬁ c%%&ﬁré%ﬂé’tﬂ&e s inthe

encoded cy ef f ects
channel s i mdeﬂléy1dg01®cteamcaudmreccﬂhattmnngl' Mnmmqodrtm Na mp)nrplnansds;, anveans for

accepting the i 0 dat that i ncl bl ocks g& eIs of ncoded
o g SR B R pE R P rOCoRe Bhee D e A i g
transforn1ngmmmmnahan&ﬁkaomﬁnﬁbgnhaiﬁﬁﬂMMbnﬂﬁgamfaqdn&pdmhmgdamdmpacking
frequency u@maln ex ent and nan |ssa dat a; ﬁﬂﬁ nmeans f.or. decodi hg the

accepted a ?@HﬁﬁP%3Ht PIAESIE PPe RSB RNG [deHe e FeRoHERHRe £l packi ng

and decodlng the frequency domai n exponent and nmantissa data; mneans for
det er mi nil9R271 r arfaftispl epRsdimenteing lads FgpprREs [ prcRemeaRdo dale fudods equency

domai n 18XpaRe Q&dlé@ﬂa ﬁﬁ%ﬂh&lﬁ&% eﬁlé%Jd@d bIdB&N$ NfIPéhahﬁbYsechsdﬁdlh @A%s KM ng the
frequency dormai n data and f applying further processing to determ ne

sanpl ed auddegodddiagdio dpd th‘t‘étilﬁbld‘fsd\’l m ehpanedppfedepodsd wedo ¥Inh nadeingdlest sone
bl ocks of t dat
O0Cks O ﬁl&b@%ﬁw‘f{tggenéﬁlQﬂ?éc‘?sch%{lls% ﬁ@%ﬁcdgl%& 9&&6 @eﬂa LRa Q;[%glogsﬁl@ ng data

for the case MN t” one o true: A3 bei ng
t hat the nemm@wf@ﬁMWéﬁedﬂmgeﬂﬂmkmdeghneénsb@mbdd@h@dﬁaﬁmﬁ@xbhm@k by bl ock

whether to apply.| IS FO e B%%iaﬁ(%gﬁ%)ﬂapgcﬁae &% do0y pantgme xing, and

means for applying Trequenc ownm Xin e nmeans Tor applylng
frequensy doweaded addiwdath xnsvgedippdnyinagdifig mquhedutlya mhowhngmdh%mnbadmg for the
parti cul ar

bl ock if et rticul EQ> apply

Frequency domariaemhiing o Fh0LT e e nE Rohiag pfbeRudibotde Tt gomai n
downmi xi ng mﬁmmn@@ommtmkﬁﬁhﬁ@gtmhemhenamhﬁndamﬂngXMnganﬂamamemahﬂmged from
previ ously used _downm xi.n at a, P i f

means for decoding includes: méans for unpacklng and decoding the frequency domain

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

20 unpacked and decoded frequency domain exponent and mantissa data; means for inverse

transforming the frequency domain data and for applying further processing to determine

sampled audio data; and means for time domain downmixing at least some blocks of the

determined sampled audio data according to downmixing data for the case M<N. At least

one of A3, B3, and C3 is true:

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

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

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

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



changed, applies cross-fading to determ ne cross-faded downm xi ng data and
ti medomai n downm xi ng according to the cross-faded downm xi ng data, and if
unchangedyodbtiegimedey applies tinme domai n downm Xi ng accoPdirig2a10/023583

downmi xi ng data, and [0030] C3 being that the apparatus includes neans for
identifying one or nore noncontributing channels of the N n input channels,
a non-contributing channel being a channel that does not contribute to the
M m channel gomaahghvdakink la@coﬁmataaﬁett&os@qs‘cﬁed@%nﬁ@ﬁﬂgydapduand NV RhARed,
transform ng the frequency domain data and the applying further processing
on the one @feciprPlipyiEne fdnar ooz reqasding Wgh%gpmwwg dptaged 1 Particul ar
enbodi nents i nclude an apparatus for processing audi o data that includes

N. n chanii@@39] of (Ericogahiatshedippardas actudes ogams G cdrdedinguae or dateaonhat i ncl udes
M m channel th f | ow
frequency e Opegygg%%gﬁ%éq%%eﬂq%%ﬁtﬁ%g lgaélé Pgﬂtﬁg{tlng%h&grﬁ% gar 1 being

t he nunber @ihnﬂebthafdcequ@momnbmté&cms Mhahaeles, and t]hdtldledlep«ﬁdedd(&ﬂdou) data. The
appar at us co) ri ses: dat g .t hat |ncI udes N. n
channel s°of AERGBHEE s Grg oaLh 1B EgkasY ByhiR (B hBmR b Bt he “encodi ng
met hod conproGkdige it @de shosrmarg iddntificch@ArehisbaingdhgintR] audi o data in a
manner such that inverse transformng and further processing can recover

time dompgs1pamiafzult EEBHmeHd BSuddarBiph s er@fd&gaglg@ﬁ&io@aﬁlmamg frequency
dormai n exponent and manti ssa data, and torm ng and acklaﬂtgtmst adata rel ated
¢

to the freddehdy NibrRENAcleXiFHRedst a%ad#amﬁoggée@é%audﬂf@t aprddss opt i onal |y

i ncl udiypg Nt RER RIS Qf&ké‘dizdtagdﬂ)rﬁﬂﬁne—@for PB&n?%%ﬁmHé&ﬁWﬁ&ﬂmn@nd means for
decodi ng the accepted audi o data. The neans decodi ng conpri'ses: one or

nmore means $lgetsichamels endie gecodet! wgloaﬂm aeng) omphaingnthe pembes ol loack - end
decodi ng. T@&lu%g%ﬁeétgghahﬁeg&%u ik gcog%galagﬁﬂa gﬁﬁmﬂ?&gﬁpﬁ%@g nlRREGKI ng the

net adata, for acki ng an ing t ency I n exponent and
mant i ssa datceeptiip ghermpdinslata dirat bwahJIde%Nd cHewmold |0ﬁg109¢1ﬁ§1| aydeglatmeasxled by an

det ermi ni ”genc&?ﬁ'%fng&l oS Jnfc&ﬁfé%@gt?o@ %o?ﬁﬁr}s tMH&@%hgélf\l%“cﬂa&%E oﬁﬁ%ft];lr equency

domai n exponen I Ssa rse ormng t requency
domai n 1dat aaudfotﬂataapplnyanng smhtdﬂ“hwgseanadsfmngaﬂfaﬂ@rpme%gommt@/edet erm ne
sanpl ed audl 0 %ata qu red t

rans
o7 oceasi ng e A ulisr ARl P PRSPt GROTLE M S 885,
pre-noi se pafx@msamlgnarﬂm dfmr arddi fnmldg:)m pacldﬁ)gmmaxatmg:m@no it fﬁguélﬁty
downn‘ixing ata, the downm xi ng confi uredtotli gg Bgl M[‘E d | east
o bl ocks Bt BT ST S g e TREE BB & 1 cast
one of A4, ®fhsient pre-noise processing; and means for decoding the accepted 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
transform coefficients from the unpacked and decoded frequency domain exponent and
25 mantissa data; for inverse transforming the frequency domain data; for applying
windowing and overlap-add operations to determine sampled audio data; for applying any
required transient pre-noise processing decoding according to the metadata related to
transient pre-noise processing; and for time domain downmixing according to
downmixing data, the downmixing configured to time domain downmix at least some
30 blocks of data according to downmixing data in the case M<N. At least one of A4, B4,

and 4C is true:



and 4C is true:[0032] A4 being that the neans for back end decodi ng include
nmeans for determ ning block by block whether to apply frequency donain
downmi xi ngoapi1tiopws7domai n downm xi ng, and means for applPgirnsg2éinmeegsency
domai n downm xi ng, the nmeans for applying frequency domai n downm Xi ng

appl yi ng frequency domai n downm xi ng for the particular block if it is
determ ned for a particular block to apply frequency domai n downm Xxi ng,

[ 0033] B‘iodeHQ Ah@lingt hg (EAOSs fRbadd 8 EQBIn@@WdaX 108 dGdifihiRS Out
testing whet her the downm xi ng data are changed from previously used

downni xi ng agkdy therk whethep Wappledrequgsiy flesaip dogrmixggios §medomaer mi ne
Cross- fadeddo%\ﬁd}ﬁhglaﬁélnfééﬁs%%g arﬁdg'??quQf[E?'dBmQﬁ%%fflmgg BRGRLH fog to the

cross-faded downm Xi ng data, and I'f unchanged, directly applies tinme donain
downmi xi ng fav@bfmgd‘mqgertcm dpmelnd@vmmmg@pdatgareqandy doogaldogampyaienfgr thhat t he

apparat gs '&9*}&&%%%10@?%”% bQLr nllﬁe%’}&af%a{'r{i‘&la?%ﬁ)cﬂo y%rééﬂ&ﬁg%& ﬁl“t' ng

channel s of n I nput c annel s non-contri nnel being a

channel t hadowaoesingot contri bute to the M m channels, and that the neans

for back end decodi ng does not carry out inverse transform' ng the frequency

dormai n dgocas3pnd Bml@ppdtyﬁmgeaﬁlufdr et domame®snmixitcadriea onntestmrg whather

identified ﬂ g contributin cha els #0035&%’ rticul ar Cc)idl nments incl ude
Be gyt $ of™

a systemto Wxaﬁd}f‘t&a@a%n%e ]ionﬂ?’f OHANHEl §a ghcoded audi o

data to fordnafleaodpeatichFadiat @ deldahink Bokddes Mwimghanael sndafmdecoded
audi o, M1, n being the nunber of |ow freauency effects channels in the

encoded aucH BN nIHES ATBEITRE O e TPTSH Vb et R ynebrrsses s

channel s i nyitd@y ApHedade aiiiR asltRixinE R8st MhEQIMINMIRIAS dat@N@oOr nore
processors; dya storage subsystem coupled to the one or nbre processors.

The syst ‘i‘gﬁﬂf t AR ﬁ%%at%ﬁé?g@&%ﬂ;?gﬂﬁgﬁscﬁlo%a%gdr%hﬁ%ﬁ& dak QP&éreqlfg N.n channel s

of encoded audi o da enco the encodi ng net hod
i ncl udi ng tecandhorgrihagndy. of tehidnnedus clennds, ginbadcortublitog dbaracl temg af or mi ng and

packing fre ecg;‘d%{é?éﬁapé) ’l?h& CS?&leﬂgP& th@@ﬂm%%%neﬁsﬁlﬂ%& g‘lgcng%gs {ogééc?(%kdt 0 decode

the accept audl 6 d: I'ncl udi ng unpack an requency
domai n 16x podeeodingdhats mmarrs st ichatre; tradgomring the flteqmnsf domic dah hndcthent s f rom

t he unpacked nd f requen domai n .ex nantl ssa data

ver oot r B RO RS PR e e PR SRR I A RE MR oceasi ng to
determ ne_sanpl ed audi o dat a; and time domain dovvnmx at | east some bl ocks
of the di?@rs]n né)dmscalrarb?fé'i’)o%ﬁ}%‘n&l&‘fl%a qeewrg idﬁ“@d‘f gudio 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 frequency domain exponent and mantissa data; inverse transform the frequency
domain data and apply further processing to determine sampled audio data; and time

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

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



downm xi ng data for the case MKN. At | east one of A5, B5, and C5 is

true: [ 0036] A5 being that the decoding includes determ ning block by block
whet her twoappliwy2d6requency domai n downm xi ng or tinme domairusdawonisss ng, and
if it is determned for a particular block to apply frequency donain

downm xi ng, applying frequency domai n downm xi ng for the particul ar bl ock,

[ 0037] B5 being that the tine domain downm xi ng i ncludes testing whet her

the downnpogend O id BatRARISHnS inCIRIRHAMFHIMR Y bERWMELRENS afiity @, and,
i f changed, applying cross-fading to determ ne cross-faded downm x1 ng data

and time dofiAnyoRmHNAoRgMEEBOPdINy iR ¢reeryas-and detis deigmmnsd g dat a,
and if unchang&, HikE [ﬁ)ga%%r]ﬁé&ﬁ&c&i QBRALR (B QUK 6! Qg)lﬁfégﬂé&bﬁt% dofhal®

downmi xi ng data, and bei ng that the nmethod includes identifying
one or nor edovomizoptariteuaitivglachlaphel s of the N.n input channels, a

non-contri buting channel being a channel that does not contribute to the
M m chanani@ed3?] arib Hehatthithie tinst dvochiddemnnging daiudys ©stingiwhedeseet r ansf or m ng

t he frequen domai n dat a, and,the applyin rther. processi. on .t he one or
e | ot e Bl R RnBREs HOT R Ronih 3% Bl g R hefBis "o e
syst em enbogpngiitcrossigligcoelpleainatidhofadal dwanhexihgidith end wnda@fhai@ bi t st ream
of franmes of coded data, and the storage subsystemij.s configured wth
SRR b it s S Rt S e e et A

processi ng @HSI@MIn EAUSRIxE aodrdifly ohke @sappkiad dauding data. [0040] Sone
versions of the system enbodi ment include one or nore subsystens that are
net wor K@Qod@sg a (PRI tKat il teth @ARALGN BENEE/EP dnB O HEttBn@bnkiBaRy ONe
processor. [0041] In some enbodi ments in which A, A2, A3, A4 or A5 is
true, the deeeich AitegN-amauhehanedds, 4ppr-yorftrikusine seapneldwingrn chawehthatidegs or ti me
domai n downgy; xi [OG HAESm 1.0} i I Lent pre-noise
pr ocessi ng, agégnglg{tgérar% ni hgglﬁ%%alng’]fﬂgpﬂ% ﬁélﬁﬁﬁgﬁgﬂﬁe Og%g\t/%@gl%!a??f erent bl ock
type such ttasfofmiag therfmpuehsmdpmaid dam aink ihngpilsing pyptheeproonsiye frothe anddrock t hat

has t he Sarﬁo@?@ﬁyﬁf{f?@"%@éﬁjﬂto}qtﬁng?h%%ne' S, no transient pre-noise

processing, an one enbodi nents in which A, A2, A3, A4 or
A5 is tr nd wherein.the transformng in the encodi ng nethod uses an
overl apsdlef andF ST HRTRE P HOF M REEs G CHES HBLIBHT Y RY wi ndowi ng
and over | apfoafldf opigtraih onfahe ddtebdxiniafcamsiangdt@dgautliyotethat aonfighged apl yi ng
frequency domain downm xi ng for the particular block ,

instructions that when executed by one or more of the processors of the processing

system, cause decoding the accepted audio data.

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

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

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

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

processing, and M<N.

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

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

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



i ncludes determning if downm xing for the previous block was by tine

domai ndownm xi ng and, if the downm xing for the previous block was by tine
dormai n doworeoki/regys7appl yi ng ti me domai n downmi xi ng (or ®OWUs2KiLogEsBh a
pseudo-tine domain) to the data of the previous block that is to be

overl apped with the decoded data of the particular block, and (ii) applying
ti me domain downm xing for a particular block includes determning if
downmi xi ng dmntiliBe REE W RUSWRINALKg 8 $hedPle i R BURR G 89 TRk Roglenm Xxi ng, and
if the downm xing %or t he previous block was by frequency domain

downni xi ng, IPMEEEES applY NG Enjsfopiaidoginniipg for dpYpaEgtn § Ptaudertipe t he

downiti xi ng iy APwREKIPUE RAREK bIERHIOK Lk ERRIER i SRMREA AT X1 NT.

[ 0043] In sone enbodinments in which Bl, B2, B3, or B5 is true, at |east
one x86 pr odekspartiquinr hloekl apgh G5 eppliiee tietdonainglovninyd hg e 8 patiedantileds si ngl e

i nstructi on [ ~ S| S| Jul§f ructions,
and the%ti Etraﬂg%%smdimﬁﬁ%lg%%f%grﬂimﬁgﬁg(gj)?ﬁ%l%%%k\%g?g?g@%g@{duct| ons on at

| east one odownnexiogendrt thodavm8sng fadesgornicus bl@B44} by fregeney @mpodi ments in
whi ch G, . Cc?dwn XinC4 (S)C.Iéssng thes trt'iclill?dr bﬂ)d( d&fégenﬁpgian%ﬂ eb d(;[\xr)n%ixf Q oerrtﬁee

t ransform ng and a%;ﬂryl nggfur]féher processing are not carri &d®out on the | ow
frequency egfrteats bddvdrwas inot Hyurdgharcyrotomain dovemrigingnbodi ments in which Cis
true, the audio data that includes encoded bl ocks includes information that
defi nes tooa3fownikorhd\@nbaantenadiamaidh I§ 182 BEM4 drigsnguad et st 51 86
non-contributing channel s uses the information that defines the downm xi ng.
Fur t her'Ror ePTOF5598 SrHscE RO IPEHEUON SH ipdHidep stecaming singde mﬁtHEUPIHEIH{“iP%eﬂaF?g one or
nore non- cofidnkiBid dSRE) EMARRAL Sedtt ihfRkidRCIMARShAehdif ¥bnemiwhgt her one or
nore channel s have an insignificant amount of content relative to one or
nore ot her BHAMSEMRINGMEEORITRIUCUERTRE leatigge ahthy AR GYrnare EHMRIOEIIENL  of
content relative to another channel if its energy or absolute level is at

| east 15 [@M4bel dnseraembsidimdngs iptwherh (Ch &3n€S, CARpICogpiree, oab eml mal.chdnnel has

s ani fi ) h . e
cneray o apdansee Tl the SR FRbaEE: hepkRe ML ENARIT ety Channel
whi | e fior ofrdypencappkcichinnenByrtterodrannedmhasb@imemsingyhidh € srtueahwunt of

content relat,ive tp another channel if.its ener r sol.ute level is at
Coner o5 et B B tacBOBGks kit S RAELBHRL BRRS S o s he
encoded audicvnidtiagané waaendedidaaidging bmgortrtore Aén-cdntiliding eianodls sdeardar ds
consi sting i‘%f t he C-3 standard, . a_ standard backwards

compati bl e I eHH g g TR anpine FHAGPRE B AR -Lp SRSt WHER ¢ ne

is true, the identifying one or more non-contributing channels further includes identifying

20 whether one or more channels have an insignificant amount of content relative to one or
more other channels, wherein a channel has an insignificant amount of content relative to
another channel if its energy or absolute level is at least 15 dB below that of the other
channel. For some cases, a channel has an insignificant amount of content relative to
another channel if its energy or absolute level is at least 18 dB below that of the other

25 channel, while for other applications, a channel has an insignificant amount of content

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

the other channel.

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



HE- AAC st andard.[0046] In sone enbodi nents of the invention, the
transformng in the encodi ng nethod uses an overl apped-transform and the
further pwocessioegs7i ncl udes appl yi ng wi ndowi ng and over lpapAsda10pissat | ons
to determ ne sanpled audio data. [0047] In sonme enbodi nents of the

i nvention, the encoding nmethod includes form ng and packi ng netadat a
related to the frequency donmai n exponent and nmanti ssa data, the netadata

opt i onal Iiypdenc! ufinse SBSRMRAIR srehah@hibR thd @RSiofhing M @e BRIARRIAFASSI Ng and
to downni xi ng. [0048] Particul ar enbodi ments may prow de all, sone, or none

of these aspettLovergpedriransiongy andiha frdgeocossng NElufospRIMHe AiPMNHRS may

provi de oneg,gr vé"@ip%d%[)@rﬁtuﬂéﬁ?&éte%mnfe%%ﬂl §8udiQfiaiidvant ages, one or nore of
which may be readily apparent to a person skilled in the art fromthe

figures, r@gﬁg Fifﬁ LARSem R e%'tsaéfﬁ ASIEHA D%%&H%%%e@gc} Elgﬁlagsﬁgﬁlgh%%g{no[ 0049]

Enbodi me present 1 nvention are€ descri t hat
has bee#s chiekingmemdata rﬂgatecbtotthﬁafr@uelmydlemam@xﬁor(eﬁ-a@;@n&)msaaaldah@l to a coded
bi t stream e descri bed in

Ret ol o S R B SRt S R PR BRI Ra RS W o U
Audi o Conpr@sainosindt andard (AC-3, E-AC 3)," Revision B, Docunent A/52B, 14
June 2005, retrieved 1 Decenber 2009 on the Wrld Wde V\éb of the Internet

at ww dqgosd} S rdptcunf %&ﬁﬂ&@gﬁ% ﬁmaa@aﬂl%mada‘moﬁe/M%@e gotcidenated the

period (“.") in the actual VWb address). The invention, however, is not
linmted to Usdwdiages £awwlé%mmr@ﬁ§da@/opr?\ﬁd@rﬁ@r gorep{erRsREClfeaBishi ed to a

decoder;pandyf a@{/anga%géj Gh@& RorP bf %Bl%ﬁli%ﬁ’y 80 GGG REC A 1 PersbPsIANAL AR 280di NY
nmet hod, and to net’hods of such decodi ng, apparatuses to decode, systens

t hat carry Bun thedighrededesadiptigns. ansl damp Weled. t hat when executed cause one or
nore processors to carry out such decoding, and/or to tangi ble storage

medi a on whDedodinglamerddodedestienst or ed. For exanpl e, enbodi ments of the
present invention are al so applicable to decodi ng audi o that has been coded
accor di ng0a48] t h@ME@@tsM@le(pr@@htliE«@n&@BeILrBdGS):ribﬁdcfomRE@iﬂg it t(hat(ﬂaSO’ | EC

144902 SR TP A By 3 BPSE BEIES B A L5 o
codi ng,15r ef Etmr(eﬁ afidthe edrhﬁodt(t Belaydads dri-dddDdden édtal in[ ABLed AekeBismnd E- AC- 3
are al so kngwm%%o%tl%é grc) (Ejfg%)-r%lgat Audio 8omgre sion Standard (AC-3, E-AC-
3),” Revision B, Document A/52B, 14 June 2005, retrieved 1 December 2009 on the
World Wide Web of the Internet at www”dot atsc"dot"org/standards/a_52b"dot pdf,
(where ~dot” denoted the period (““.”) in the actual Web address). The invention, however,
20 is not limited to decoding a bitstream encoded in E-AC-3, and may be applied to a
decoder and for decoding a bitstream encoded according to another coding method, and to
methods of such decoding, apparatuses to decode, systems that carry out such decoding,
to software that when executed cause one or more processors to carry out such decoding,
and/or to tangible storage media on which such software is stored. For example,
25 embodiments of the present invention are also applicable to decoding audio that has been
coded according to the MPEG-2 AAC (ISO/IEC 13818-7) and MPEG-4 Audio (ISO/IEC
14496-3) standards. The MPEG-4 Audio standard includes both High Efficiency AAC
version 1 (HE-AAC v1) and High Efficiency AAC version 2 (HE-AAC v2) coding,
referred to collectively as HE-AAC herein.

30 [0050] AC-3 and E-AC-3 are also known as DOLBY ® DIGITAL and DOLBY ®
DIGITAL PLUS. A version of HE-AAC incorporating some additional, compatible
improvements is also known as DOLBY ® PULSE. These are trademarks of Dolby

10



Dl G TAL PLUS. A version of HE-AAC incorporating sonme additional, conpatible
i nprovenents is also knowmn as DOLBY (r) PULSE. These are trademarks of

Dol byLabowet2ort/®gstzi censi ng Cor porati on, the assignee ofPCTHS2qu833533
invention, and may be registered in one or nore jurisdictions. E-AC-3 is
conpatible with AC-3 and includes additional functionality. The x86
architecture [0051 ] The term x86 is commonly understood by those having

skill in thepdfaorte®LIcehdg ¢ @fati(ﬁmwss@gne@rsgﬁ@ Rnt 1nRSHHoH Cdnld Ak y Rt
architectures whose origins trace back to the Intel 8086 processor The

ar chi t ect ur2ingdirels qripreivsrtiepns ii-photieseppyiblr it ¢onpadikduduch as
Intel, Wr|aﬁdltf%P/qur}éluéhah@}nd many others. In general, the termis understood
to |rrply a binary conpatibility with the 32-bit instruction set of the

I nt el 803865y, Ty % f(ctu1;9day (early 2010), the x86 architecture is

ubi qui t ous anong top and not ebook conputers, as well as a grow ng

Maj ori t ¥ [GFFANT  SEE Y&RSksB R oRh ety @RS b iHod! lgﬁfn%@ﬂ'lrlh tRfarSQELENAL &
supports the platform including operating systens such as Ms-DOS, W ndows,

Li nux, BSD,fagdy af precessmdnsiuetionsetarchilggsRy whesegsigigs Hagediapk totthelnted BpRox 86
nmeans an X &"sé?)?eﬁl%gfchit&ﬁﬁré ggstﬂe&?%xy&ﬁéﬁhh %%Eéé&“s‘ flfoﬁlaéomg)hﬁgs SUPROTLS a

single instruction mu Instruction set tensi on ( SSE).
SSE is a silngl, éiyrlmslﬁmf\’lénam&twpﬂ@rSdEman@SI N@)tertnristlmdmcrOdmo gatly ext ensi on

to the ori %IR c&‘rﬁgauﬁél tﬁﬁl %%lt 1Hstt1ﬂ19@og1cs%gofl tﬁ'e;[ I%??§Oé8% pr& s% lb%oﬁﬁrntl um 111

series process ures nma
vendor S0 AGe®1ya2id OEh_GSB amhtte:durre esrmno[uﬁ%aa}nqﬁg A&t alpil hsttalvc@k rmmputars

mul ti - channel udi 0 _si. naI osed of fr resenti a const ant
Y R B0 T A e A ARSI o
si gnal acr O@S;Wafdsugﬁiﬂtedleqﬂl{ﬁftljﬂrﬁ] acludipg beeriting8yst@nssuch asmesOS Wlindpwd, onal | y a

| ow frequency effec LFE denoted ".1" are provided for, that is,
up to 5.1 rcllﬂﬁ’ffhg B‘Pla‘g\%a’il%h/é?g)ggfovr ded for. Each frane has a fixed size,

whi ch depends only on sanple rate and coded data rate. [0054] Briefly, AC 3
codi ng i i¥153hes Atseghaapindheerappoacins ansPopiesHs pusidnse dhdesete cosine

transf ogm (YRGED hflohs 2 gk RiruBRasRllasethy aviBR s Adeu it n 50%

overlap-to convert tine data frequency data. The frequency data are
per cept ual | $SEb&EH iy @Slegimls@%lotl maltipdg data GL¥IbY msaufé@ﬁprtég@@ﬂorbﬁ%ﬂsq ream of

frames that original x86 architecture introduced in 1999 in Intel’s Pentium III series processors, and

now common in x86 architectures made by many vendors.

AC-3 and E-AC-3 bitstreams

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

25 and coded data rate.

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

MDCT used to convert time data to frequency data.
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each includes coded audi o data and netadata. Each AC-3 frame is an

i ndependent entity, sharing no data with previous franmes other than the

t ransf or mvovertmpsrnherent in the MDCT used to convert PCRASA@ENMN23503
frequency data.[0055] At the beginning of each AC-3 frame are the SI (Sync
Information) and BSI (Bit Stream Information) fields. The SI and BSI fields
descri be the bitstream configuration, including sanple rate, data rate,

nunber ofjpghggied &W nBingdN BachOMEE AlanRh Qe SYSIRMBIRNSoS hRMBSL®ic Ther e
are also two CRC (cyclic redundancy code) words per franme, one at the

begi nni ng ma@ﬂé Oé}ilattqli‘éﬁ@lﬁ% The Aharddy Y iclls describaihe bisturean copligheationt i on.
[0056] W't hlhau&ﬂgthlﬁﬂléﬁ%’e éét?ra%é %ﬁulﬂHQ'o@cMeQGK&ne@aa‘ﬁ@s v%fM ERENY LY 256 PCM

sanpl es per coded channel audi o data. The audio block confains the bl ock
switch fl agsyel elstmpnts. ri@lew @ismfa\toe(éRC Eyplonedunglandyjcoda|wosdsater Gamp@nantet er s,

and manki SSgsp, egg}gﬁ?g a%'a% iﬁé %daih'aao%@\qclé"ﬁ hafA R ofeddReigUCh that

i nformation pr e reused in subsequent blocks. [0057]

An optio oca me. This field
o ons o ssh o ﬂs%iﬁ{%neeaﬁ%%a e Claftls. s epnserbine oSG TRPIT Bet i oni it o
the AC- 3 bidositd @amd of asljsdaerine alelid llacksdtintsis oie. bIpdkGn8th Eag%&o&pmiges erves
the AG-3 frane, structure of. s 256-coeffiC| nt traﬂﬁform; whi | | so

al | owi ng fo“roogdﬁ‘&?fetse‘?"l’f’?eélﬁe@t@ boélé’&“‘t‘}fet%%én PR ISsa gt fagae 0&’8 fficient

transf or m bf@Gks frahb] siclematih@smitia prdsamsPBIdck Ofmaawdir@uséd indaksaqueat €s great er
t han 640 kbps. Each E-AC-3 frane includes netadata and audi o data. [0059]
E- AC-3 '8l | O%Ckﬁor a significantly | arger nunber of channels than AC3's

5.1, in particular, E-AC-3 allows for the carriage of 6.1 and 7.1 audio
common t dORSY] ankh dnsienaljgex daik figld ddoesedant thewad pf the frame HEmdldaliawssuppor t

for exanpl e stgg\tdégl%‘leqy[loteg@ F‘uﬂ\ga e %ygbl%r§91|:b@ %f&[n@a%ﬁ intd A€ A%dﬁj bhduQR

channel s beyon are assocl ating the nmain audi o program
bi t st r eam ot $ysigpr-wigle gagimissgaddi t i onal dependent substreans, all of which
are nmultiplexed into one E-AC-3 bitstream This allows the main audio
progr am f§@oss8pnvayAtHepresetves drarh8lirafmestradure bl AC236-coufiidient tresf@dd) t i onal

channel _capacity cones fro dependent  bitstrea This nmeans that a 5.
ehandal el e S et P SHBRESHUSHI Brnak. HE et S e Rk o

avai | abl e amghstoRatblodrd. Thix eﬁalﬂﬁsnmtan@gm dfdudied: @ediarg eiatet fhat 64) ladpe.

el i m nat Edpé%Pt he use of hannel subst ] t%ltl on process. [0060] NUI tiple

program su -\ §-3dray 13?/13 s Aistadaepp Eﬂﬂﬁo #e ability to carry seven nore
[0059] E-AC-3 allows for a significantly larger number of channels than AC-3’s 5.1, in

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

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

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

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

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

30 increase the channel carriage of each program beyond 5.1 channels.
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i ndependent audi o streans, each with possible associ ated dependent
substreans, to increase the channel carriage of each program beyond 5.1
channel s.WOQ6M/10295C- 3 uses a relatively short transfor mpamasséimpkissszcal ar
guanti zation to perceptually code audio material. E-AC-3, while conpatible
with AC-3, provides inproved spectral resolution, inproved quantization,
and i nproved coding. Wth E-AC 3, coding efficiency has been increased

fromt hat[owHLAC-@c BRslal rOWi Yy sHbR@raR@H@! Al sithp 1t $@1 fudr@WRion@t @ rates. This
is acconplished using an inproved filterbank I%o convert tinme data to

frequency mpwa@a@%leail%fl@tﬁ@al Hudrdi YRilq ompadin e &4 - mamies coupl i ng,
spectral [Oogg)ﬁﬁﬂe@@pecéﬂqes%l&ﬁﬁ h&hﬂ%@d &L?ahh&@ioﬁ ﬂ@ﬁhﬁm}edQB& %ﬁﬁEDA@CeSS' ng

( TPNP) . I'n addition to the overl d transform to convert tine
data to frejuedisyclfiaicacy Ids h@n3nqiepsed @mmm% thyHﬂW bpriheeheadlisianigcAHT) f or

stationary G4l gl sy TEATIAELHASS IR, MPRT M, LhSRYBL! appi ng

Kai ser Bessel derive stationary signals, by a
secondary bdagck ft@qumsj" dcurmln datt, hmpfooﬁdmwhtlaltlnmrwmzmdabmdnnqho@upbv&rI apped Type

N dl scr et e g&fﬂh Q)ge I{e%ng e?:al %Wrg 31e n0§86290§§881%§if d S.t age DCT

after the eXr's |ng W PRHGR tationary
character C resent to conyert th 256-coefficient transform

bl ocks 1 M2 s.Iﬂ@ﬁkﬁﬂ%té@i CSERIPE E?ﬂ“%‘?ﬁ‘f‘ﬁ@)f 6§ SR REBRBER THERD: ner ensed
frequency r&sQEUAC CrusesTddiagaptive hﬂﬁﬁﬁfbnﬁﬁ)ﬁﬁw&Hw)ﬁoﬁ ae@lnidtyl RBiol ssen@RMticned Wit h
6- di mensi onal vector quantization and gain adaptive uant| zation (GAQ

to i npriBve tHE Rduien e MiPy Erdhdyr 9V8¥1a1§’8}$e[{a§?e§ﬁ§ﬂsgl degivggl (KBIZayipdaws code”

signals. VQoliswsts & stafo@ly iSha@Nby ¥ s€cOflfiry hI8AULRStHrR ANES fdrﬁlm;larnbﬁtg | ower
accuracies, while GAQ provides greater efficiency when hi gher accuracy

quanti zat i o‘ﬁmFl%Wdeea‘Qﬂ peslapged J5Bg Llidispict\oping BélfisﬁtjmépﬂTéﬂ@ﬁ&HT dugpddy

obt ai ned t hy Qugfy sE%@ Uéﬁeaf@f the Q%@ﬂﬁi ACBWADCHK Y Gt PRASEhABEBIWAL | On. Thi's
nmet hod expands on s channel coupling nethod of using a high frequency

nono corrposﬁtatt@n@rh&hmqtewié%lﬁplfeé@@hsqomfm & six Ba6-hoadhici¢n drgusdorayblprkst i on of
each chgnnel,, e%? LA e i A 1@99&1 Eh&?o@fm&@il%ﬁﬁl b&}fe&é{ﬁ %Hcyaf%lumn .

encodercont ol processi ng of spectra e In ti‘on sent in the
bi t st r eam i Hps myressetl ﬁeqﬁqndﬁtesqutmﬁls t¢mlan§1rmde@glr®msmmweqt¢reluam:z@tmo nposi te

channel can\}@ g d it Ol auer; f NCl vi.ous| ossi bl e.
Thi s decr ea(s ? ﬁéam ? twe %uag atl il G(;“gﬁ)e té)ﬁcgﬁ)e%% %? ﬁulglefl?’yci!rég%%%eg t he
codi ng ef figgmibcy.g., ft&ﬁﬁt@]co&'f;’A@nalsaVQm uspd toudigseslyeodd adquendydasdson. Spectr al
ext ensi on incl.ude | aci Sg

requiring ower ccuracies, while GAQ provides greater efficiency when higher accuracy

20 quantization is required.

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

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

encoded, and thus increases the coding efficiency.

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

original through spectral modulation of the transform coefficients, and also through
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upper frequency transformcoefficients wwth | ower frequency spectral
segnents translated up in frequency. The spectral characteristics of the
transl at edogegrmede3 are matched to the origi nal throughpspaseeialo2ysssiul ati on
of the transform coefficients, and al so t hroughbl endi ng of shaped noi se
conponents with the translated | ower frequency spectral segnents. [0065]
E-AC-3 includes a | ow frequency effects (LFE) channel. This is an optional
si ngl e chanfglqiffoflshdPed 86lsd cohgndid wivmd Wakllifled WAL LiedusndyRp&ided to be
reproduced at a level +10 dB with respect to the full bandw dth channel s.
The opti onale8BFEs.channel al |l ows hi gh sound pressure |evels to be provided
for I ow frequency sounds. Other coding standards, e.g., AC 3 and HE- AAC
al so i nclienss] an eptioinalhddsERoe izawety eff@GEBTE Xehaaad i Thisonan ofteedininglee t o

i mprove audj Lty at rates 1s.1h e.0 I [ re-noi se
pr ocessi ng, i %%ggéllb%%ed?(ﬁ}jtﬁ'gzr) %E%Cﬁxé\c}v@l &%C %%d}étglgd ??logbfi %8%9@? ralg%]{%ﬂgcal AC- 3
decoder 5i nptiEninyalt respest toitie fofl dendwidthkbepelvEreroptiand . He clodes! allavency
requirenents .as small a ssi bl e, . h.AC.3 frame i coded in a series
of Thest ed | BpS R et e pop rEviER IasTReihd e OTRr ifent o <

i nvol ves fisudidmgs,tehre, AAC33Ané YINCAA Onisa atdielo awopithnablnd: ¢Haemel.conf i rm ng t hat
the CRC error detection words indicate no errors. Once frane

synchr Qn:\jﬁaﬁei on ASadifiensl techRRudSlim@ata adli® qeHliBae Ked d4@ rdl@tiethiuReori npor t ant
frame information such as the nunber of coded channels. One of the channels

may be an LERSENAABPISe AESHIgdescribed isgbradeloNannel s is denoted N.n herein,
where n is the nunber of LFE channels, and N is the nunber of nmain
channel's. 1ACcdecedingy used codi ng standards, n=0 or 1. In the future,
there may be cases where n>l [0069] The next step_ in decoding is to unpack
each of HPRS7Li x Iabidics! dfodesoder impieraitatiops. i pides L9 &cqpraeRBRY decedfli r enent s
of the out pylenRULGErARAR TRAMI @tp%%iﬂiéfeﬁch(,ﬁ@g?frﬁ%fii 8dedtifg saydiop bl ocks are

unpacked one-at-a-tine. At the end of eac | ock period the PCMresults
are, in manesiedpslogsrent ati ons, copied to output buffers, which for real-tine
operation in a hardware decoder typically are double- or circularly

buf f er ed [0a88] di réefitst steyt @tablighes ewe slsgniment Tlis givoldes findingthalAdg3 convert er

(DAQ) . 50070 clgr_grﬁzaﬁgﬁ %odfﬁr?adtgé 90‘%%%%2 oL lilel%ﬁ{tcgr%os Q. B, D8 iyl ded into
two distinct’s ages, rerferre Tohere=as I npu and ou%put processing. | nput

processi ng adwtoud Oacafrimbiynslirogiaation is found, the BSI data are unpacked to determine
important frame information such as the number of coded channels. One of the channels
may be an LFE channel. The number of coded channels is denoted N.n herein, where n is
the number of LFE channels, and N is the number of main channels. In currently used

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

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

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

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

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

30 windowing and overlap-add stages of the inverse MDCT transform.
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unpacki ng and coded channel nmani pul ati on. Qut put processing refers
primarily to the wi ndow ng and overl ap-add stages of the inverse MDCT

t ransf or mvpQOiAL10k96Thi s di stinction is made because the mawhseoief23sas n

out put channel s, herein denoted M>1, generated by an AC-3 decoder does not
necessarily match the nunber of input main channels, herein denoted N, N>1
encoded in the bitstream wth typically, but not necessarily, N>M By use

of downmigAg, ALLEEAHEHoGRhaACERRse theHuhBErF G3MMiNbPut@R¥nBHRE N N of coded
channel s and produce an ar bltr%kﬁ%nurrber M M1, of output channels. Note

that in gendémard Mesrgritsdiby g ASud ferodeniapmialt seqessadlyptiddhwnimbrEoki n, where
Mis the nughan,of cﬁﬁ%&k,ﬁ&@i'ﬁr&ﬁh&ed ﬁhngsf%ﬂrcéciédhiler ttﬂé%mé’@%gf?(mth'@%mﬁﬂ&mﬁt

channels. In today's applications, mC : may possible to have nvl
in the futurcenedeg@ily] NKit By wubraef downmirangi @ weeridsd qag acaepta kitsireant withany oded

channel %Oar lﬁuﬁ‘tﬁ{: N%g Q%Egratéinggls Qﬁxﬁ ;Pﬁ?uc% Qﬁ‘ %ﬁia?y nll:n%er §/?<, W, Sf Olit[?‘.lé aslto

stereo wnm X, the anne ormation 1s usual'ly discarded. Thus, in
sone downni chiamgpls. Nale taatdh ganral, theatumibsr, of tongrechiagnedros dertopdtM inFRereihannel .

[0073] FIG_1 ps 0 2 100 for ins tipns t n_exegut ed,
carry out <FENEATRABREI dhtho Sind 3 PEEHRIRELL P INBIRRERY, e
decodi ng t ypiagad dpplileighns=tloen. It hey depadible tohpaakes] inhie fuiuxed audi o bl ock
data, which is a collection of paranmeters and flags |ocated at the

begi nni nqoagr2] t hevadithOn leQRinmbing nbi Aed teadoded dMahitliese fidkbed e as bl ock
switch flags, coupling information, exponents, and bit allocation
par aret'8r s, Ui chagpels-Hor Qempifaingy -} 8 5re0 fvimy thabFE Fipgpelipfarmgliopissi zes

for these biggity @amdeh.eMROLS RIS nR1 B in=0a04 if, RRFEE @5 BuPuivar i abl e
| engt h decodi ng process is not required to recover such elenents. [0075]

The exponent!d ¢hgReelup the single largest field in the fixed data region, as
they include all exponents from each coded channel. Dependi ng on the coding
mode, i n (03B, tHier bshomy phadecoderd®iyfoamsiommsionx fuhehtn gecutsdaeriyssiaa up to 253

nmantissas p f;iaglrm@%mdﬁétg e han unpack all of these exponents to | ocal
menory, man ecoder i npFenentations save pointers to the exponent fields,

and unpa é) Pem as they are n %n,d d, ..one 'Cgl nel at a . tinme. %007% Once the
PRl 307 el o AR i M S T T T e LA
coded channted afrdlib $lock tiite, veniR@RbIclio oft fatngkareamdahannedte@dtehaunpacked from
the input frane, A bit allocation_ calculation is_ then typicall erforned,
whi ch P ake Sbeggirlilé}ing of the audio block. Th?s fixed data includes such items as bl%/ k switch ags,

coupling information, exponents, and bit allocation parameters. The term "fixed data"

refers to the fact that the word sizes for these bitstream elements are known a priori, and

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

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

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

needed, one channel at a time.

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

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

are scaled to provide appropriate dynamic range control, and if needed, to undo coupling
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exponents and bit allocation parameters and conputes the word sizes for
each packed mantissa. The mantissas are then typically unpacked fromthe

i nput frawe.20Ti®2966Nt | Ssas are scal ed to provi de appropPCatusS2ayn23BE r ange
control, and if needed, to undo couplingoperation, and then denormalized by
t he exponents. Finally, an inverse transformis conputed to deternine
pre-overl ap-add data, data in what is called the "wi ndow domain," and the
resul ts ar e;fdQNoRI g theh QbR M cABP HRRKpHeAs AN ah iRbr{calssihan ssubsequent
out put processin 0077] In sone |nplenentat|ons t he exponents for the

i ndi vi dual €H&M 10 gremyiispueRedlapdd daa, ae. s whwiscalsh febuinder, dogwin ed t he
(VDT buf f Sfng 1ncHGHE 1RRAARMLS (D trel DG OURGHk Bh e ForTBY R 50 bands
for bit allocation purposes. The nu exponents I n each band increases
toward hi gh@tpuapwcessingequenci es, roughly followi ng a |ogarithmc division

t hat nodel s psychoacoustic critical bands. [0078] For each of these bit
aIIocatE@mnﬁhndﬂns@m@mqwnmmGMbms&mdxphkmaRHMmahmamuﬂahanBIaesmnbbﬂconbined

t t t g .S that band. Th d
i 2o o o SoQRCHOHREAHR R By BRRGT Bt or i SRS W b

al | ocati on gaiddimdes M@nyoafs szzbalﬁdse“quﬁmmcdmon@urp&e@erﬁehﬁnmd es]i)olleﬁts lave been

conputed, the orresp ondi n mantls are unpa rom-t nput frame and
SO e | - piHk BT R B G e B rr e T nRsa e adSear RSt al ed ang

denor mal i zedvibiyn Hemeadls gspvAchRE: @Kﬁ@]ﬂﬁﬂ(ﬂ& and witten, e.g., witten
i n-place back into the MDCT buffer. After all bands have been processed,

and_al l1o1§o¥s} SSa%r %H%@&%le@hﬁce{u‘%ﬁ%hﬂﬂs Nfe LQPALHONR bht'&ll%&%omm&b'ﬁsf er are
typically witten with zeros. [0079] An inverse transformis perforned,

e.g., perforaeemiipeddp gererdiga mq@ﬂwdmﬁeff@rreacwt@m ig hat pgnd; hhase pyptybessu ng,
the w ndow domi.ndaf; g’a zﬁ%ﬁmbl'agr g%%n(gW\%ﬁpthé Gﬁci%sttﬁ%u% Bl Ahgedownm X

buffers according to dowm x p meters, determ ned according to netadata,
e.g., fetchadff2ddwapmey bief.iOned thdatad siecsdrd ryn compeed datcaredp0d8a] Once t he

i nput proc ﬁ?ﬁ@&s afs \%ﬁﬁefﬁgﬁqé& Ir)‘rl'lh Hl%%\é@%fé{l%ﬁ)légerl% ?%Yo thQ%gr{h fully

generated w onmal n ecoder can performthe
out put 1pr oclegtsr. ﬁtyesel-?nﬂntlms: tre ecethmimld dbammelized &y dewarnrespoldifid eqpommd and s

correspondi ng 128-sanpl e | f ﬁ%‘:ﬁ ar.e, wi ndowed and
conbi ned to Igt}eélduéewng Ptotﬁé ecgeb“?yﬁr ?ﬂ%gl GHIEPLE TS syst em t hat
i ncludes a pie@@s:dseranamd nmmess@s"unmﬂedmgmmmmﬁgEcaamplrﬁse BMIECT buffeded to the

DAC wor d vmdth dtothe out put buffer. Once

typically wntten Wlﬁl ZEe10s

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

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

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

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

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

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

audio block.
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this is done, half of the downm x buffer is then copied to its

correspondi ng delay buffer, providing the 50% overl ap information necessary
for propewonetangteructi on of the next audi o bl ock. E- AC- BCaarseaitngspp081 |
Particul ar enbodi ments of the present invention include a nethod of
operating an audi o decoder to decode audi o data that includes a nunber,
denoted N.n of channels of encoded audio data, e.g., an E-AC-3 audio
decoder to paged@edsafifs 3 encoded audio data to form decoded audio data that
i ncludes M m channel s of decoded audio, n=0 or 1, nm~0 or 1, and Mr1. n=l

i ndi cat egoB1] i nprattichiaFeahamnnelts offd prodedi igaingisn adluduh pidtholl bEoirampah . M<N

i ndi cates do ] Xi i ndi cat es up XI n 0082] The t ho cl udes
accepting t 10%8?%9@&{%0 7=\ dﬁtéltlﬁi’ﬂ% %‘F&‘[ﬁﬁélF%Jt IG Blbaélagé i o dat a,

encodi Ng byercb®d@046drAG: NBINOAC-Ballio delaydeafb ®REQAI-NG - mtcbaxszii dubidtdatancl udes
transform ng using an overl apped transform N channel s of gi tal audio

data, f8r m RdoEnIFCHediandig dpte dah BRRyed i Finasineiispeded Auditiios dandht a, and

form ng andypagdd Me1. MRl adadates e idhedrt thahh, fiL PRURACY QIR nFEXponent and
nmanti ssa data, the netadata optionally including nmetadata related to

transi ent prhenishiMeN Hidisews dpwpnixeggM>NopdigHesFUpATxi8Z encodi ng met hod. [ 0083]
Sonme enbodi ments descri bed herein are designed to accept encoded audi o data
encoded 4088} di Ade netitodendlidaa@eingidaqudioghitagbg ancdiideg Ntnochanetsaridar d

backwar ds cg [ r e than 5
coded main a(?le%lep&g d‘[‘“&n@ﬁ‘}&g@% tﬁ%&gﬁﬁlgg% ?lrolgbeg i nﬁ%?(ged%e‘#%ﬁ?%é ow, the
nmet hod 1oncl mdeeesdlensfdmmg tdiver s veqbippeld- aatdfqymcbatlwnndecﬁxﬂgltugaudeiaﬂdl ng:

unpacki ng the neta

E’ ?d ungxa(ikl n and[&l g frde@uencg CEomai n
exponent an&“?#&%?’il %a§ dacaig ’H’&“? 3?1s%1} a8 FICPERTS ™Y om t he
unpacked anghckiag odedath r@geEnale Hapeidy demlaml’b&ptbneﬁlmildmfﬁmmssﬁ&tadhé a; inverse
transform ng the frequenc omai n dat wi ndowi ng and over| apadd
to-det or m rdeidinrn R b B SRS O B PLat o8 P BR e B e pot se
processi ng 4acad-Nencagia@nidtnag. to the netadata related to transient
pre-noi se processing; and, in the case MN, downm xi ng according to

downm Xk ngoedpt a. Soﬁé%n@@é{m%hﬁé 'd@&nb&ﬁle%@ﬁ%eh@sﬁﬂeﬁgo X@@@ﬁt@ﬁéod&&‘&dﬂ?&ﬂ“ xi ng
data are chahged from previously used downm Xi ng data nd, if changed,

appl yi ng crassadeflaeionding o tebeyn? nendsrbersiceediag R mgkm@sa and
downmi xi ng &?rﬁ)gﬂlq{a Q8h R ﬁ—l&%—é:&grﬁﬁrc{ Maﬂﬂm% %bfgghﬂajt &'Jde(f’l'ﬁ%n cflannels.

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

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

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

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

unchanged, directly downmixing according to the downmixing data.

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

processor that executes streaming single-instruction- multiple-data (SIMD) extensions
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unchanged, directly downm xi ng according to the downm xi ng data. [0085] In
sone enbodi nents of the present invention, the decoder uses at |east one
Xx86 proceseanitiate7execut es stream ng singl e-instructi oRCTMskali1pR3s3%at a
(SIMD) extensions(SSE) instructions, including vector instructions. In such
enbodi nents, the downm xi ng i ncludes running vector instructions on at

| east one of the one or nore x86 processors. [0086] In sone enbodi nents of

t he presentskpy@iticAbas, ndRdHe¢edbNastRt MR Unfseéh EdEmtnaUdE Qowdhlixéty M ght be
AC-3 audio, is partitioned i nto nodul es of operations that can be applied

nore than ofglEdesirumming epof BATYCAPRPIAS F@stoRanl Brere eranelp kR¥GRresssdecoder

i npl enmentations. In the case of a nethod that includes decoding, the

decodi ng [0886par tlh séraneabddnnantssofslet prefent ingmtion ik dpeehuem¢h&EDior Epsr-dt i ons,

and a set o ack- . ar at i ons il tail bel ow,

t he front-é%ggﬁgggggggggggg?%%gﬁgﬁyﬁﬁﬁFﬁéh%%Hggﬁﬁﬁgfgkag?gggﬁﬁﬁgﬁ)requency
domai n expopelitd mod tmanhcs sa., thahatianfd reort tlanmenafin diffeABt ecoderE- AC- 3 bi t st ream

i nt o unpacked, and decoded frequenc Al xponent an nti.ssa data for
he trane. vl HeRatr o s g b ot RAT hp BN B0 G  Secode

oper ati ons pandlcae®inttet @ af fidntgnddecbieFEDABSdratais, e h kétoif Baksend denods se
transformn he determ ned transform coefficients, applying w ndow ng and
over T ap. add T BRPRTISHE A YioRa s vttt SR atadheas

processi ng @peadigd dBedinIRlgindg delauii BkponBl ahd nfah@s€agLott Nedee airag f ever
out put channel s than coded channels in the bitstream [0087] Sone

enbodi Ment sA6R ¥ heAbriddisrean inePrdid prtissadeddregeioy tepaip expaptiandt or age

medi um st or hgisianfitd BEhE AARe ! M ihe AR EXE6HEBTink YncPliBa OTheHAbEeR! OCESSOr'S Of
a proceSS|q? ;¥sten1cause the processing systemto carry out decodi ng of
A

audi o dat a deHete pawfioRtasclndeslcrramig of thsfiraatewe e liies InTata ranse rmgEm
decoded audttha@IhﬁnédQ%h%ftr)Hﬁdé@k@éed}é %Iﬁﬁﬁwglgéwﬁlf 2He6RGRH BUILaiiolE 1. 10

today' s standards, n=0 1 and m=0 or” 1 but the invention is not so
limted. Thawplyntanyerdugpdiimichue npinsproerstingaerodinatandipmyiax dewnedingause

accepti.pg t; i | - d audi o data
encodeJ@by’gﬁ“gﬁgg‘?ﬁ3hﬂ%%ﬂ§%thagﬂg§§%5%&%§@E@%%?g@q%%gﬂ%ﬁ%?ructions
further %Qﬁb de J nstr c.ion§ %R@t when e&gcutqqicause decoghﬁgtthe accepted
audi o data. roo RO MM GE N BRBL I HEREY MY e HCLEPTER AUt 8%t a are in
t he for m of matiuAGodng nstuchiCasIhii viteh keamed by bhasmsoroprocadaed oflat a. The

instructions that when executed cause decodiq? tge accegtgﬁ gudio data are
partiti oned® Pt EReSYSER BHsCRURIIHF UGS CHEY 71 desodigich Awlio ik ihali ng a
front-end daeoads N rEhné®etdneodeanddia dhaak fe@mdicdeicadeadié Bab)hat includes

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

instructions that when executed cause decoding the accepted audio data.

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

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

and mantissa data for the frame, and the frame’s accompanying metadata. The back-end
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nodul e. The front-end decode nodul e including instructions that when
execut ed cause carrying out the unpacking and decodi ng the frequency donain
exponent woadonmreds3sa data of a frame of the bitstream iPoTasSanpaeisesl and
decoded frequency domai n exponent and nmantissa data for the frame, and the
frame's acconpanyi ng netadata. The back-enddecode nodul e incl uding
instructions that when executed cause determ ning of the transform

coef fi ci ent&codeMEIRENEILARS nOiALDEL thARR Y eRQuith RERWIAEARH, BV@E | ap- add
operations, ap Iqugfany required transi ent pre-noi se processing decoding,
1

and appl yi n§* rPstiicignts. anvere UeademinatPRHes #idpwinene PYalipedd channel s
than i nput (ﬁfégﬁgnsﬁ: E‘%{l‘)frrlfﬁé Fny rL@%g lragsjieq’}gpre%isg Bro%&@iﬂg'd@co?ﬁﬂgpéﬂdfa!pﬁghﬁl ock

di agram forms sonme ¢ erent “decoder conflguratlons t hat "can advant ageously
use one or davmaizogindhe pasd thaedere Eredewormuihvb dlsinpels tham Inpfii eodedothgenelsdi agr am of
an exanpl e E- AC-3 decoder 200 for AC-3 or E-AC 3 coded 5.1 audio. O

cour se bli@go89ke AfiGS HRA-LErshow i golplifisvhidockr ddgeam foxgs sanddliéfekest denoder bl ock
diagramis not the s as .a block. of audio data, the latt referring to
o Sirount - o gt Be et St BB uda et bR foully Hof " Feny

nodul e 201 dhbat a kispliticdblogpdiaghin 31 o exlampe-IB AT Aaesdando tw AXas byEout-, frane
by frame, u cki f e frane's t adat, nd decodi ng of the franme's
odi 0 dat o BRF Ed ey toHE Bean BER A r ROt 104 CHaE 4 VRS abbr 200 al 50
i ncl udes a hadkkdigngh dawoae sfifiEL)a tTedkuwfaud0dath NAd 1aa&GeRirmgld e dh@muency
domai n exponent and mantissa data fromthe front-end decode nodul e 201 and
decodesSi t gl Beepder Lhanshales 2 Gonipradidstne 6k modoB dhat g accept
deconposi t i g0-3afr - Re-3eaRA/Rd [ty Buf 2L bE NEmE/GPARINIRA He8raaldth @ back-end
decode nodul e is a design choice, not a necessary partitioning. Such

partiti oni ngetadesanddseading B disdraness Flick tadregenindomar ernesent anever al

al ternate cQRMds@URLAL DRARIer 2006 GHRIRINbEKCAN PRSI B MbRISHRNA! t ernat e
configurations, and many configurations have in comon the unpacki ng of the

frame's netaeatsihafdieoodinmg abordeardagmtise daadron datmntadideeqgiiency domai n
exponent and R4 1SH8 dddud i?t% u@% %!1%%&%& &Plﬁg‘;gﬂaslaﬁol%\%sa'f@du' e. [0091] As one

exanpl e of an alternate contiguration, a sinplified bl ock
di agram E-AC-3 decader/converter 210 for E-AG 3 coded.5,6 1 audi o that
ot b dec sl ac B RTRRNSH (REYSHAG mG Mo e i ARG FLtuiE: A 3
coded fr anmedeobdeupodute iS a Hestgradhoek,o0d naddiay faait@ninAGudh padechifig diee of up to
5.1 channel s. 5bcod r/ gnverter 210 j ncl udes

et o

. A front-end deco %EED)
modul e 201 R'Rd RELEFOBIM BN 11} svea A ORB S OBut e f FRe by
frame, unpagkdidgeadibetb@mbh anRick ae@bad@infigurations, and many configurations have in

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

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

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

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

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

to up to 5.1 channels of PCM audio data. Decoder/converter 210 also includes a metadata
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and decoding of the frane's audio data to frequency domai n exponent and
mant i ssa data. Decoder/converter 210 al so includes a back-end decode (BED)
nodul e 2080t2hat102%7t he same as or simlar to the BED no@arars2@3/oeds3zsiecoder
200, and that accepts the frequency domai n exponent and manti ssa data from
the front-end decode nodul e 201 and decodes it to up to 5.1 channels of PCM
audi o data. Decoder/converter 210 al so includes a netadataconverter nodul e

205 that conyesies nidBiiades daddddydshaedn@ndd 8 B&Aed RRAL GiodAé 2bhadk: accept s
t he frequency domai n exponent and manti ssa data fromthe front-end decode

nmodul e 201 APl Be Epgisaey domitiapancas anhnamtise dutadfrm ge figpt-¢nd dscalechannel s of

audi o dat a g iOrdTom8 td Qﬁ@détﬂ@dﬂ%& e{ﬁ%@: @?ﬁaﬂlerc@h? 5.1 CERAn&DOSBRSALL! € Wi th
AC-3. [0092] As one exanple an alternate configuration, FIG 2C shows a

sinplified %Ingm@r@ﬁhalgthama@fmlamdﬁam@—@ﬁé@é@@@ﬁl%awﬂhé\@oaes an AC-3 franme of
up to 5.1 channel s of coded audio and al so to decode an E-AC-3 coded frane
of up t o6 [0092] chamsrtelemnﬂplauﬁnmlteﬂﬁete@dﬁrgumeniH‘IGl m‘ilds)v\a afsirapidicd dfook nat i on

anal yze nodul e 22 ks, t nd i.dentj S the frames and
ot pocttidiyf &t At Y IRRG Sl B8R oy 083 RS OB ] ERBmHR S

el enents. |dvded dudpi adlalsb MPdtBNINAL-AON3 tdial flame bLigle® ToNehaniielNadra@dipy 0CESSOor s
and nenory in whi structions are sto ed t hat n execute use
ooy plghlial in i e o hbfor trabaomangs 2 DB R PRt RS AR ot i ons

of a front-gadisaecads. fdes d f@ﬂﬁ typek hndodrévitll Ashairh@ttd @[slﬁo;ﬁi‘ateafrdmck end
decode nodul e may be operating. In sonme enbodinents of an E- AC-3 decoder,

Che. BSITOun RS HY RN oI Doigal igpleg|saaderaltiPOwIce RBS PIBRE PEEFSeR code

nodul e to | gaknéor} REwIBS inSiaicRons @Rl M4t #8sh é‘x@éut&mmr&aﬂ}zlq%b&sofm be used
in various alternate inplenentations. FIG 2C shows a si i ed bl ock

di agram of fndiwagieet e fledelas mulinkhinstartatpes o giffoabenrd %@dewppqu&? md channel s

of audio d%ﬁ‘ltlpﬁuﬁtanaglo%@9¥‘§baﬁk%hﬁrﬁédoﬁé ﬁgdlﬁé &%ﬁb@b&%ﬁ@ @Bkofe 5- 1 decoder
240 with such architecture. Decoder 240 includes a franme i nformation

anal yze nodihdpuents ¢ af ehdged Ivppaskiag Jugtio ias¢pa min decode
kedi A af ot -3eleebdd ltfdiss kimg 2 Aty takedd
nodul 45, 56 Q: g] oBG 919 ﬁqd% IEEP] L a6e FED
ul e 1% {] % HS = nﬁg IO%Qt pt thetﬁeﬁ EF%'EH\%]&:S (g 68 l(ﬂ EO

and BED nodul es use e arc |tecture o) eturning to
FIG 2C, t hiebfusaden varicos Mmmlr@m@momﬂwémmwpa&mpﬂésdblh@c data of an

| ndependent ACI;?‘% §F % ﬂ df(::I‘Qle stu%ﬁ %g? g;gtureu%ni\%: E? PP Fohﬁp r'l?an el% S a%dforcﬁp t -end

decode rmducl11 at acce anes an 0 carry out
frame by f erBeZDlslmwmmghfm‘d Hidvd diargeameb@ mamaeramamthde@miczm@cme t he

frame's auglg g to. frequency i N exponent d ntiss ta. The
frequen Cy eeorler 2%0 huélﬁs[ {i }ﬁform 10n anafgzge module @['1 a front-e % d% d%
module 243 and a back-end decode module 245. These FED and BED modules can be

similar in structure to FED and BED modules used in the architecture of FIG. 2C.

[0093] Returning to FIG. 2C, the frame information analyze module 221 provides the
data of an independent AC-3/E-AC3 coded frame of up to 5.1 channels to a front-end
decode module 223 that accepts AC-3 or E-AC-3 frames and to carry out, frame by

25 frame, unpacking of the frame’s metadata and decoding of the frame’s audio data to
frequency domain exponent and mantissa data. The frequency domain exponent and
mantissa data are accepted by a back-end decode module 225 that is the same as or
similar to the BED module 203 of decoder 200, and that accept the frequency domain
exponent and mantissa data from the front-end decode module 223 and to decode the data

30 to up to 5.1 channels of PCM audio data. Any dependent AC-3/E-AC3 coded frame of
additional channel data are provided to another front-end decode module 227 that is
similar to the other FED module, and so unpacks the frame’s metadata and decode the

frame’s audio data to frequency domain exponent and mantissa data. A back-end decode
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manti ssa data are accepted by a back-end decode nodul e 225 that is the sane
as or simlar to the BED nodul e 203 of decoder 200, and that accept the

f requencywoanaimn2®siponent and nmanti ssa data from the freorASaE1623563e

nodul e 223 and to decode the data to up to 5.1 channels of PCM audi o dat a.
Any dependent AC-3/E-AC3 coded franme of additional channel data are
provided to another front-end decode nodule 227 that is simlar to the

ot her FED npewh&229an4 a8QpudMIRAGkKSrdR eEDAdRie22MBhddal-soRNg: decoden he
frane's audio data to frequency domai n exponent and nantissa data. A

back- end deddiehtdileay sdlionpkghaspelse HPEM Hangelmppperapednir dvdieeé 227 and to
decode the dafidelRe REMARU GrHRIE rQpec@DY BRBGhIJRRA piohialaglosz.1 A PCM channel
mapper nodul e 231 1s used to conbi ne the decoded dal’ga fromthe respective
BED nodul escheenglradWPCdédaip to 7.1 channels of PCM data. [0094] If there are
nore than 5 coded main channels, i.e., case N>5, e.g., there are 7.1 coded
channel s,[0a94¢ cdfiddrelrd b elgam S cedédudas chmnelsdepemsd NS, E.patiereafe Up to 5.1

ded ch I d at | t de) t . f f ded . ft
cose, chamehey g 4538k RUFIERSHIH bk RBBepRaT o S Rl o1 there

conput er - r eadadelseantadicasividdpesienr fesnd disbdadGlaia0mSsoft@ iire @ dOditnien fort he
instructions are arrangnd as a plurality of 5.1 chlanngl d[gcode nodul es,
each 5.1 ch¥fihBrGecod@ OmirE CREros ﬁé‘)lﬁp‘]ﬁ“é‘rbfﬁaél&‘?w‘é PASOYUREY St i on of a
front-end daaadeomaeidxecding, (Re MOSRAGH A€artMgEPRta RirkidR 005.12himek- end decode
nodul e. The plurality of 5.1 channel decode nodules includes a first 5.1

channel'%decaedemBetliles sapue- | whameldleadsmaniuicdpd wlingraiesricing Bilantigdon ofdependent

frane, and QHR-Ad dEBEECMOINE ndcBPRAIvIRERHR I JRAU Iba&- N8R InddBRPEEL | Ve
dependent frane. In some such enbodi nents, the instructions include a frame

i nf or mat i orPlEAD Y & lrhanckdespda maduiaidrdluisa tirhd- | iivemcldesrdsrenduiediies
unpacki ng t PR Bixkeurld @A hb@nIBE the thabBRbidnt FiaBl hnfi GBI EAGR ofHe AR LS
identify the franmes and franme tTypes and provides the identified franmes to
t he appr oprdeaeds mhedyies fervdclusensaere depender fiapmst lrsping suchrembagdigheatscthannel

mapper du - td - eg . k e N>5 cause
conbi ni1% ;&hgﬂ%{é%%ggﬂﬁdgg‘tfg ?gﬁﬁﬁgetgo\ggggrﬁﬁﬁdg%k&éﬁsﬁg géogéhgﬁﬁgﬂﬁl es to form
t he N mai n chanakedagsesinphekiog éd HelteamAnfpenitod (BOD fepdran eavh fameAC- 3/ E- AC- 3
dual decoder nyer.ter., 9 M odi men fot invention 1s in the
form of . ddgiTHEEGHERs whO0DM Ll R YRk T flnidl ol SR SRR 00,
bi t st r eans, fraeshddabéa naslulenmitantiatiomdantdasdamchmephet matltlh ofifpstretibnsthathannel s

each, to P w%e%%gcéc%tedaérﬂg ir{ trﬁe tcepsg Nggscgusgfcor%lgirr}i\ﬁg rtt?el c%rc](’)ded data from respective

20 back-end decode modules to form the N main channels of decoded data.

A method for operating an AC-3/E-AC-3 dual decoder converter.

[0095] One embodiment of the invention is in the form of a dual decoder converter
(DDC) that decodes two AC-3/E-AC-3 input bitstreams, designated as “main” and
“associated,” with up to 5.1 channels each, to PCM audio, and in the case of conversion,

25 converts the main audio bitstream from E-AC-3 to AC-3, and in the case of decoding,
decodes the main bitstream and if present associated bitstream. The dual decoder
converter optionally mixes the two PCM outputs using mixing metadata extracted from

the associated audio bitstream.

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

medium having instructions, e.g., software instructions thereon, that when executed by
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converts the main audio bitstreamfromE-AC-3 to AC-3, and in the case of
decodi ng, decodes the nmain bitstreamand if present associated bitstream
The dual wecodémn2monverter optionally mxes the two PCMPOUIUsS2eis/ oesszhg

m xi ng netadata extracted fromthe associated audio bitstream [0096] One
enbodi mrent of the dual decoder converter carries out a nethod of operating
a decoder to carry out the processes included in decoding and/or converting

the up to tyR offoR! frodGsoss éf&wcemﬂgsstygteﬁr@useé&etﬂaedes&rrg%%temma wn the

formof a tangible stora di um havi ng i nstructions sof t war e
i nstructi on&e Plﬁ’éf?sé%nnd*ﬂ%aﬂn dredingRRKUCERY HGriRe Wt orpP é%%fgc%gééwt of a
processi ng gyglHM causes the processing systemto carry out the processes
i ncl uded in decoding and/ or converting the up to two AC 3/E-AC 3 input

bi t st r eag@%CLOOQ%}e g&gdlﬁ{m&%'ﬂ?e&gﬁﬂ%A@??lﬁ?dggoger%Gn\%rtgﬁl%s s&eCOder converter

has si x nponents, sone ude conmon conmponents. The
nodul es 5ar esub{@Pd¢ntDecodef widoninelutiecamnidresutlegnaacate div erdleles as: conf i gur ed
when executed to decode an AC-3/E-AC-3 input bitstream (up to 5.1 channel s)

to PCM ayepgs] ambcodertc@nCarforeTiic deb@ler-o@iitridtiit Sinfigad fx/h@rmyﬁt:lﬁéﬁt% to AC 3.
The decoder converter has three nai n subco%enti and can g})l errent an
b £

enbodi ment 210 shoWCIPIRNG L ACahigny dilstra HRagRPHeR . [ 0099]

Front-end decode: Hagr k@M eapubbikBi %ﬁl@ACVW@rA@%e%t&@@deifO decode a
frame of an AC-3/E-AC-3 bitstreaminto raw frequency domain audl o data and

its acconpanyi ng nendeEr Bas ige 1OOT suBERoBYS dit admPirRsntBrEbedifsHul e i s

configyped, when e%l@%ﬁ@)\%gmﬁl@ SO IRNEL BheliRGn E@RbmPdnehl@redecode process that
was initiated by the FED nodule. In particular, the BED nodul e decodes t he

audi o dat[t?oe(.aL mant i g g&ntaeﬂﬂ engﬁ%ﬁﬂ%ﬁ@hé e @éﬁ%&%& [00101]

Back-end "enc The back-en e I's confiqured, en executed to
encode an AC-3 frane deilng framx obinosks/loA Catibitsoregnimo favofredubeyfdeDainThe

back-end encode nodul e | éa!ﬁ ltscongnll lﬂried e\t/\/raeg execut ed, to synchroni ze,
resol ve and convert EJdA adsta yﬁ%frb t gital net adata usi ng an

i ncl uded ﬁ}dat a co 8u| % 0102 cod The 5.1 decoder
modul e i 45%8 i gur ed ‘&]("&’ & é@e BED e éSnCODEgure When Sxeette » 10
complete the rest of the decode process that was initiated by the FED
module. In particular, the BED module decodes the audio data (in mantissa

and exponent format) into PCM audio data.

[00101] Back-end encode: The back-end encode module is configured, when
executed to encode an AC-3 frame using six blocks of audio data from the
20 FED. The back-end encode module is also configured, when executed, to
synchronize, resolve and convert E-AC-3 metadata to Dolby Digital

metadata using an included metadata converter module.

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

decoder is shown in FIG. 2D.
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AC-3/E-AC-3 input bitstream (up to 5.1 channels) to PCM audi o. The 5.1
decoder also optionally outputs m xing netadata for use by an external

appl i cat iwo 20o/m2967t wo AC- 3/ E- AC-3 bitstreans. The decoaemr/usedaloessshcl udes
two mai n subconponents: an FED nodul e as descri bed herein above and a BED
nodul e as described herein above. A block diagram of an exanple 5.1 decoder
is showmn in FIG 2D.[00103] Frane information: The frame information nodul e

i's confi gog108] WIRAmEXifeEthsbrt IhPBLSE i dRAGoPhEIRGCH oA AR vRd ciipRak its
bitstreaminformation. A CRC check is perforned on the frame as part of the

unpacki ng process. ©0[Pa04 AP CBUF -3 degie apgranagk itsThikstrenn fréprmgee ¥y PRéor s
modul e contai ns Acch%eki'égé};?ﬁlﬁle%ﬂt@%&%fp%ofjﬂ'%éﬁﬁ;sa ihPp3capd functions for

buf fer operations. [001 Sanpl e rate converter: The sanple rate converter

nmodul e i i 0 Igur upsampl e audi o by
a factor ﬁ%@%t\or@d{{%?% ﬁ’@%‘eﬁl‘éé’?&?ﬁ xecggtﬁﬁlggglﬁ%g?n&l% ® ’L?nég’gﬁ Aerr%gm IS
optionab, and confP@uretfemdeseripeixecut]dahctionsnfoxbuferapanataasli 0 pr ogram and an
associ ated audi o programto a single output audi o program using m xing

met adat a [6010p] | Sdniple Edd€coisened: ahe chngichae Phagicambafite Bptiend sdeécode nodul e
design [00107] The front-end decode nodul e decodes data according to AC-3's
met hods, and accor @& S @%@@gu%@m YASHRRIF P&%@H’i‘%@/ Baigbt@’é?fst}”oi ncl udi ng
decodi ng AHT data for stationary signals, E-AC 3's enhanced channel

coupl i ng,I0HRE] sJedernal mixgr:dig eginmnal prer Oequlq iy optienab aakcapfizend ehpbdi ment in
the formof a tangidkgebeifd Py Brolt b ATAEOTHLRRAS IR e, COPTT SES

software instructions stored in a tangible storage nmediumthat when

execut ¢ by one orsiral¢ eutprtandis prggnphsing prrogardidaty sypeicd iy the asrseiatethe
actions described ;ugi tg}ggr tails provided herein for the operation of the
front-end decode nodul'e.“I'n a hardware inplenentation, the front-end decode
nodul e i ncludes el enents that, are _configured in operation to carry out the

acti ons destiant€qdidecode meduwe designyi ded herein for the operation of the

f t- d dul e.. ] 00109 AC- 3 di ng, hlogck-by-hl decodi
< possi P07y (iR R g b ol O RS oS B DR 8 a r ame
i ncl udes t hechtihg@RIAGS addiobnatlldcofinp hpedts, indiatiedecbdinge kKNl fock decodi ng

typically is not used, at her several bl ocks are ,
yp 15y statlr(])nary sisgna S, EQX&— ’s enhance channgl coupl?ng, and spectral extension.

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

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

for the operation of the front-end decode module.

[00109] In AC-3 decoding, block-by-block decoding is possible. With E-AC-3, the first
audio block—audio block 0 of a frame includes the AHT mantissas of all 6 blocks.
25 Hence, block-by-block decoding typically is not used, but rather several blocks are

processed at once. The processing of actual data, however, is of course carried out on

each block.

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

saving pointers to where the packed exponent and mantissa data are stored, and a second
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processed at once. The processing of actual data, however, is of course
carried out on each block. [001 10] In one enbodinent, in order to use a
uni f or m meOhod/wRIsdecodi ng/ architecture of a decoder regamdiSesig/oedssnhet her
the AHT is used, the FED nodul e carries out, channel by- channel, two
passes. A first pass includes unpacki ng netadata bl ock-by-block and saving
pointers to where the packed exponent and nentissa data are stored, and a
secondpass pREiHdes udnb e sh d)%ﬁl\(&@:ltonﬁé PHcRESex @ne&lt@ean@%h@sdasex&pnent s and
mant i ssas, and unpacki ng and decodi ng exponent and manti ssa data

channel - by - ¥haskig and deeptling Erpqmets, and nigppwg dafa shampelityrdianisiock di agr am of one
enbodi nent of a front-end decode nodule, e.g., inplenented as a set of

i nstructil@Md1kt diled $h®waaﬁ'emniirﬁydb]®alt dingrem Oé)oa@utlletdiimmuséfsfrﬁE@nfbrocessi ng to
be CarrT o0 e B B2l RRYE. ASEUAORIHE I OLoL AT LHERLRIR (BEp 11"

I NSt rucki onsxefwed dahees §ED®B®€W0®E cimied pasidGE B ald skerwd pd«aﬁodzeletﬁ@dul e. The
FED nodul e incl udes. the follgw n dul es, . each incl in instructions,
Some such i HRFHR o P TP e ralan df e Rl SR 617 e ur es
and par a{ret@elsdoc{)&g&r ﬂ;ﬂ}uc(ﬂmﬁaﬁhe seChngl Iﬁalaemezb pmcftdneeldadeitcm?@chmwct ures f olr<
representi audi rovi des.instructi ons {o unpac
and decode e SARAR he IoloRire aestS ool RELGTE s Bhc oo PO o] B
al l ocati On-1n§fhﬁt1@dstbeﬂl§|d@ﬁ1ﬂt1d)rﬁmnrfﬂ£ilﬂlﬁe@ dBﬁﬁB/s!tlﬁiEt%rer asd patohdews to cal cul ate
the masking curve and calculate the bit allocation for coded data. [001 14]
Bi t streamp@Rel atdifel: TREHhiS WBRINUORRE ki AN fﬁpfikl}eﬁlenl%%é(ﬁ gR% | nstructions
for unpacking data froman AC 3 or E-AC 3 bitstream 15] Exponents:
The exponents noduthanggdin megory ppdprogidesingtpictipnsip vsrpagk ﬁrnbdeé%twn@n@lg in
menory and provi de&lah&?%hﬁ%ﬂ&@§ of RNk glggg%a}ﬁhen executed to unpack and

decode exponents from an AC- or E- AC- Itstream [001 16] Exponents and
mant i ssa pents sas dul e defines stru for

repr esent?oﬂggﬁxeﬁ(pq aedfon; eb“ |%C§‘a%“ PR ROV R mc?%“\?ﬁ%‘é(sic“. Hsieuct i ons
configured when exaedtirgdutve amnmiokatarlﬂbdaﬁodaommommdmaand manti ssas from
an AC-3 or E-AC-3 bitstream [001 17] WMatrixing: The matrixing nodul e

provi des [00194T UMBiisBieEmGpeFtions:athe haRapxpetied hukYRPAIds iftet@iont xrng of

mat ri xed channel s.
unpacking data from an AC-3 or E-AC-3 bitstream.

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

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

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

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

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

25 executed to support dematrixing of matrixed channels.

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

in the FED module to carry out FED processing.

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

30 decode mantissas from an AC-3 or E-AC-3 bitstream.
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[001 18] Auxiliary data: The auxiliary data nodule defines auxiliary data
structures used in the FED nodule to carry out FED processing. [001 19]
Mant i ssaswOBha/medsvi ssas nodul e defines structures for PEPSSENLIFG3

manti ssas in nenory and provides instructions configured when executed to
unpack and decode mantissas froman AC-3 or E-AC-3 bitstream [00120]
Adaptive hybrid transform The AHT nodul e provides instructions configured

when exeqyd120] t AdApRIEKyRTFrdRENGS BLATT ¥Ry Bfovilied ndRstifdBodated r om an
E- AC-3 bltstrean1 00121] Audio franme: The audio frame nodul e defi nes

structures for repVedeequrg tannrigh eyl decedrendnpiivenipid ransierp dak fpasan

i nstructions configues mhen,executed to unpack and decode an audio frane
froman AC-3 or E-AC-3 bitstream [00122] Enhanced coupling: The enhanced

coupl i ng [66)&'11“) Aqﬁlfle Gihe? 'hge %El}(l)rt?a%% flg(gc%uﬁee(%ﬁ%gs sté: tglgzls gt% r%@s%&? %qmcoum i ng

channel in provides i nstructions con en executed to
unpack and decode ammehmannmmnﬁmuﬂkﬂngwéhammehhmsomﬁ@nmAGm@neanwdﬁi3

bitstream Enhanced cqupl.ing extends . traditio P an E-AC 3
b1 t ot ream by pr ovi dPAg PSS b ERALaLOF R beRaR SR P E ARG o bl ook
The audi @ bl ock nmodul e defjnes structures for representl an_audi o bl ock
i n menor JOURA priddnneed coppling; Jhe enced spyRjine Sy SRiER sCYHEEs 6 unpack and

decode an audi o bl RgksdnfiRMPéhnAeed cQUpliks Aﬁnﬁelbﬁﬁ@ﬂlt&%ﬂup{o@%%] Spectr al
ext ensi on: The spectral extension nnéh | e provid Eport or spectral

ext ensi on decodi ngm?tﬁlcaﬁnSEDA@%edo\ivl@@t%%lﬁﬁdt?enpfg pndesapsleiargnhanped coupl i ng

modul e jgefines strygbidEhahd fr&%%@&e%f BA@3 %Réiféhfnnﬁntﬁﬁ&'a%bpling nmenory and
provides instructions configured when executed to unpack and ‘decode a

coupl i ng channel fe¢prdaadiemg] gupingagag Enh¢-Sthitsgam homeviding Fhase agd shows a
sinplified data flgw,di,agkakmfor the operation of one enbodi nent of the
front-end decode nD u e 300 of FIG 3 that describes how the pseudocode and

subrnodul t y te to car Qut e fu ctions of
S ront - g ZaE oo B du it Roc AR AL ah Baf e Y Bl B LR LS e
carries out a proc@e@dmgmﬁumﬁmknnow&ﬁmMUﬁuﬁhsehégemﬂ“mayehfuwdhardmare

el enment,, or a processi sten1%%€ t or age ﬂi t k i ncl udes
i nstrucPions that YRAK %’Q@%ﬁﬂdgan?: ?@Oéﬁ%q‘%@% 8]?]%#? tstream.
[00124] Spectral extension: The spectral extension module provides support for spectral

extension decoding in an E-AC-3 bitstream.

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

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

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

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

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

element 407. The functional element 407 generates exponent and mantissa data for an
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bi t stream unpacki ng functional el enent 403 accepts an AC-3/E-AC-3 frane and
generates bit allocation paraneters for a standard and/or AHT bit

al | ocat i omof2anietewnal el enent 405 t hat produces further PdatEs2610/02358%
bitstream unpacking to ultimately generate exponent and nmanti ssa data for
an included standard/ enhanced decoupling functional elenent 407. The
functional elenent 407 generates exponent and manti ssa data for anincl uded
remat ri xi nginfluMmettanaking F@BMal 408eAtQ00 & favry QU and M¥edd@ 8dRAiLiRMBNHE | Xi ng. The
functional elenment 409 generates exponent and mantissa data for an included
spectral exiafiongrsleaeabidmynerareeiporcit ard waista detarfor ¢ ipgdpded spetrabny needed
spectral  extensibRBecoftB %DM eBhEMTRNT ® AR ohiCard ntdaeH SFucHAleRpREAI Ned by

t he unpacki ng operation of the functional elenment 403. The result of the
front -end dawmedimbelenensxfrient | enedammhtaingd by thetvapekingeperaten dlei t i onal
unpacked augl, Q; L, RPARTP ee{?&l@}qheaﬂﬂ&h-%n@he%g&ng%r& Gl i nheRfska 2 7]
Referring in nore detail to the first pass and second pass pseudocode shown
in FIG 3, ddtveasfwallsts agdigenal wplcked tahdin frame pamoneisgod edlio Wednpaxedeased t o
unpack netadata froman AC-3/E-AC-3 frane. In particular, the first pass

i ncl udes [001RZL K iRegertileinBSire dethidroad fignpasaind secpd pkdsmpgeddbe@dauighivan ihr ame
informatio For each bl ock, starting with block O to block 5 (for 6 bl ocks
bor 7 rarme) TEhg e REtp s et B bt ated SHn e S R HER IS TS, e er t o
the packed gxponEning-3 fahden Pirtisdl4re@BYikss p&a uRthdeLXipadiedt e BSE unpacked, and
the position_ in the bitstreamat which the packed mantissas reside is

saved. Bi t @fargaunn g yreackiigihs 3o e infprmaiipnoHonsaeh Blpgks pagting ithpant | ssas

may be ski pRed: 0 bo¥RERB](fol BBIRREMD FraBRS thel (N UIME bicQRBaREE af @I bgwr ed, when
executed, to decode the audio data froma frame to Tormmanti ssa and

exponent dathannel@porgstio i pagked NS HYINIRG BitsEpase ¢ savedugipardaisige i ncl udes

l'oadi ng t heyaMed ROURLRLIHLPinRACKRESX ROMGR Be pAdd HARASK BGad &vexPONENt s
poi nted thereby, conputing bit allocation, |oading the saved pointer to

packed mantBisslipsaticinsl computek pitg bashed omrbin plloaggiaan, pentrsasdnayerskipped. Decodi ng
i ncl udes perform ng standard and enhanced decoupling and generating the
spect r ab [exR8hs il sizandl s} insamadlions ave oordizoretl owlna cixpobepietodiecdde fitrecamdiot her
nodul es, tr i

nsferri.n he resul.ting,data into nme e.g., . ry
xtor nai t PR AYBRAT ROy g re Pt S R RE Sk FedeivPriha 2 can
be accessed), hypakinginchmidtloading te gaved phidteBEDpanktduxponetik] sd nepaeking tHeor
conveni ence, is call e%] Fhe "ext er.nalgf‘ m)r% al t h%u h it may, aiﬁﬁoul d be
Clear to t HOBERBMoIGR Piien ompying it allogon foading the e poiishyo BFebe ur o
used for alhamiBRey| &8 unpdRihg 2R]mdnlisROpEn@IBREILIENESing HelvaXPRARAhingNpacki ng,
t he exponents unpacked during , , ,
20 standard and enhanced decoupling and generating the spectral extension band(s), and, in

order to be independent from other modules, transferring the resulting data into a

memory, e.2., a memory external to the internal memory of the pass so that the resulting

data can be accessed by other modules, e.g., the BED module. This memory, for

convenience, is called the “external” memory, although it may, as would be clear to those

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

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

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

again using the saved pointers.

26



first pass are not saved in order to mnimze nmenory transfers. If AHT is
in use for a channel, the exponents are unpacked from block O and copied to
t he ot herwbizor/tobwecks, nunmbered 1 to 5. If AHT is not i RCHAS2610/023838hannel
poi nters to packed exponents are saved. If the channel exponent strategy is
to reuse exponents, the exponents are unpacked again using the saved
pointers.[001 30] In sonme enbodi nents, for coupling mantissa unpacking, if

the AHT igo1geed Iﬁ%méélﬁb&lﬁh'&hd',Rﬁlc&ﬁgyliilﬂgﬁianti@hhn ckinplioek arafis &l rgoupl i ng
oC

channel mantissas are unpacked in k O, and dither regenerated for each

channel t hatbe paplingehipraalishabinds of 6 Hdrodriee chrst patied 2 whagked It he AHT
I's not usedyhQro, biteaiGRHRLEMLEBANE chaggél?ﬁa%{ssa éoﬁplwaqaﬁﬁéi%blﬁ&lm!gﬁm I Ssas

are saved. These saved pointers are use 0 re-unpack the coupling
mant i ssas funcordathd difendbthe bl is ingt wred o leedupdingishannel;, pointeggity e bl ock.

sack- eng deqafiyTREHG, 4R3LA. {l%gé‘sa%e%%oiﬂ-tgﬁ RARKI BULASERAR LRFRL modul e 1 s

operative to equency donal n exponent and manti ssa to decode
it to PCM auditiosad &traactiitheneCVatin dicoupdal chamrebinraederbédkbased on user
sel ect ed nodes, dynam c range conpression, and downm x nodes. [001 32] In

sone enbodi Bagk-8ndidecvlib Foddie desfyi - end decode nodul e stores exponent and
manti ssa data in a nenory-we call 1t the external nenory-separate fromthe

wor ki ng neomnly ofhe bhek-dndainéode MBEDDaudes istoperatBielo mkd fileguensedondiock - by- bl ock

frame processing to mnimze downm x and | ay..buyf f irenents, and, to
e conpat | BiBUUE R bR g et G Rt e LT ERR, " om
t he exti@r nadenddRdiayed @ BEGERS@ KPAREMnaRNCa RN ERsiciathad d@viniiecess. [ 001
33] In the case of an enbodinment in the formof a tangible storage nedi um

the backend™d®€ode nodul e conprises software instructions stored in a

tangi bl e storage nediumthat when executed by one or nore processors of a
processi M@P189kt daporagemlodihentss it Wiyl the dat-¢ndeldeqds madalegeresiekponshiopil ded
herein for ~ [ t = o ]g&?re

i mpl ement at %%ﬁ{sgdﬁﬁ[eaqhgg%-énﬁnyd ggg glgg ﬁlﬁo%?f%flg‘?&%gﬁgagg%%%grfr}g %% @e tk]ﬁgt are
confi gur ed memopef ticiftont-¢ngl medutey tholRER medde tieo hockibg-block &dme proceseindet ai | s

provid herei.n. f.or . i - . [ 00134]
Fl o 5 shasa g st LR Py el bl Sl o GRRR I e L0\ o
decode nodubuepud O0the fiphteamd miceldlecagseatramterofrom tetexieotal mamosgttonadss N a nenory

that when exponent and mantissa data to process.

[00133] In the case of an embodiment in the form of a tangible storage medium, the back-
end decode module comprises software instructions stored in a tangible storage medium
20 that when executed by one or more processors of a processing system, cause the actions
described in the details provided herein for the operation of the back-end decode module.
In a hardware implementation, the back-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 back-end decode module.

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

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

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

instructions, that when executed cause carrying out functions for controlling

27



execut ed causes BED processing to be carried out. FIG 5A al so shows
pseudocode for instructions for the back-end decode nodul e 500. The BED
nodul e 50Woi2nc/weks3 t he fol |l ow ng nodul es, each i ncl udi RgTIUSSEIOLISBDNS,
some such instructions being definitional: [00135] Dynam c range control:
The dynam c range control nodul e provides instructions, that when executed
cause carrying out functions for controllingthe dynam c range of the
decoded signal, ingldghanfc ARR! M AGdQ8dd s[AMTinBBidin@ AFPIARP LYih Mho¥NaHM C range
control. [00136] Transform The transform nodul e provides instructions,

t hat when execut ed®PPRiRgIYBAPICYRIY COYEOlt he i nverse transforns, including
carrying out an inverse nodified discrete cosine transform (1 MDCT), which
i ncl udes [@XBAY i rkransformy Bredtaasfoommoddd pfopides mbleuskians, gt whem exeapgrdse DCT
transform carryin ost-rotati for .at1.ng. I rse DCT
transform and det%?%?%%H%gPﬁéh?ﬁvésggm?gg?g 6%¥+€g&1 5%2§3%ﬁ¥%?%ﬁT). [ 001
37] Trasasi ent pre-modified giraaesssimgrandthen (IVENSTewhichiretuded @erying@oessi ng

nodul e provi des instructiqns hat. en _exe d cause carryi ng out
ranstent _pr enoi sevpvat il PRbasEy moFRE B aeT T Sa5 R0k TR Mindow and
over | ap- add nodul eusat tdi calehlaynghhd in@érsDOVin@aSonnt) ahd dudrindiisg tht hatrsehen
execut ed cause carféép .out the window ng, and the overl ap/add operation to
reconstruct out put'? ﬁﬁ?%émP?Bﬂq rse transforned sanples. [00139] Tine
domain (TD) downm x:. The TD downm x nodul e provides instructions, that when
execut ed [0H3Ek HRPSISHPresueiseBAsHISIRH NG trnsiset R-AeisyRIReEsHNaRotideded to a

fewer ngnber of chghRBSnsthPRR thackitfen efectl@\Wus@ ety duk LigslicdlapR- T 1 ow

di agram for the operation of one enbodi nent of the ‘back-end decode nodul e

500 of FIG 5A thatorgeseessii®s how t he code and subnodul es el ements shown in
FI G 5A cooperate to carry out the functions of a back-end decode nodule. A
gai n cont{0@B8F urWindowak oe¢réapeartd: 603 wacloeping oeccjapradd moduld withritlag balfatat a from

the front-end decode ooyl 390 ANd,ARRLLER, ANK. LeAULl ol dxnafm 6, f ange
control, dialog nof el FZat i on, an garn ranging ac oéﬁ?ng t'0 et ddat a. The

resul ti ng exponentandnik everitp/sklaopdation @rrecoagaepoephit bym@ledienoinvatse ze mant i ssa
by expanents function&l enent 605 that generates the transform

e
coefficrents for ifPe EB“{?HW orm ng.

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

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

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

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

applying windowing and overlap-add operations to the pseudo-time domain samples. Any
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An inverse transformfunctional elenent 607 applies the IMDCT to the
transformcoefficients to generate tine sanples that are pre-w ndow ng and
over | ap- au0.208uekvepr e overl ap-add tine domai n sanpl es aPeTaA®Ré1@623533
"pseudo-tinme domain" sanples herein, and these sanples are in what is

call ed herein the pseudo-tine domain. These are accepted by a wi ndowi ng and
overl ap-add functional elenent 609 that generates PCM sanpl es by applying
Wi ndowi ng anhsieNigré-afsEstecR08S RlapaRa byqtﬁahﬁerﬁgﬁeqdﬁgetﬁrd&ssﬂfgmdﬁoﬁﬁnpl es.
Anytransi ent pre-noi se processing is applied by a transient pre-noise
processi ng FeM pbhagcordingrie Aetadata. Thgnedifigd weg - tid hreicidanar ofhervdisetief i ed,

e.g., Int hl%sdi@&gaﬁ%étltt?an%nt%él%é@ p?gcesstim&ﬁ%%fﬂ'e@gfeH%%ﬁll%;%@f@)sth@mmlﬂﬁ €-nol se

processi ng PCM sanpl es are downm xed to the nunber M out put channel s
of PCM sanpMes obgutpnt Ceamnels f FgMfsamples bnhaPowhiamets fuga@naleokat$13Ref erri ng
again to FIG 5A the pseudocode for the BED nodul e processing includes,
for each [0Matk dfefatataagatnrtald® ¥4, ithegpstliocuwiaiti ths BERNabdekepomesstingdat a f or

bl ocks of h | f h . , d, f h |
appl yi ng. ar Ut e Apia GO KGR T i AR POPER SROTER Tand gai n
rangi ng accodhdhmg fiom thetxadail aenthey) andraibn catichamButdpplyag apy regpanent s to

generate the transformcqefficients for inverse transfarmng; conputing an
RSl B ik A LM S S A Rt S TR P L R

appl yi ng wi deglomiangind Athn @48y dyakpaiddts QP e¢ndtatc0Rs trifdrmeopField g fédinRr@onai n
sanpl es; applyi ng any transi ent pre-noise_processing according to netadata;

and, i 'O eqAmPloEMing; GoE PRI MM Wh i RF HpsfEmRe lIRIGHD &t SMETHEICH T RR
channel s of 4 JR{aM SRk eHplyiR0indRinERROHABNLR DhradesQdiRGssOWMd N FI G 5A

i nclude carrying out such gain adjustnents as applying dial ogue
nor mal i zat | $HHF fagwles; WELHIEHNH 2RV BICAPHE RIocaniteappirdnaty sk and ange

control gaipd,agdOfisie GG Ao RSB idRhber MR bPEIHRInSHER 08BERY
adjustnments at the stage that data are provided in nantissa and exponent

formin theampkguency domai n i s advant ageous. The gain changes may vary
over time, and such gain changes nmade in the frequency domain results in
snoot h 16{ex142f adashodinamtstdi dedodingrsbewit mdief Dk mchwdd canrymgowit agheamr | ap- add
oper ati ons %]av ogscurreid.. gr Znsi ent [?r e No} Se Pro es?i ng, QOl4 ] E-AC3
encodi ng antl HE&TH HGPUEPE ISy AEmatE o e T SRR IV R b8P er audi o
qual ity at dppwerg datmicrratoe soithapain fiacAs &colinglionetraddatfrivahies sich@aiaudi o
qual ity of coded audio can ativel gidg‘ga.ct ed, especi al Ii)r/ltf or

be ne ,
rel atively @WHHLHE Hesteesdat d4g %ﬁgfoé(ﬁlf’ ntissa and exponent form in the

frequency domain is advantageous. The gain changes may vary over time, and such gain
20 changes made in the frequency domain results in smooth cross-fades once the inverse

transform and windowing/overlap-add operations have occurred.

Transient Pre-Noise Processing

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

30 coding quantization errors.

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

noise processing. E-AC-3 encoding includes transient pre-noise processing coding, to
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material. This inpact on audio quality is primarily due to the limted
nunber of data bits available to accurately code these types of signals.
Codi ng arwohatt®2wf7 transi ents are exhi bited as a reduc®PCoUS2111023533
definition of the transient signal as well as the "transient pre-noise"
artifact which snears audi bl e noi se t hroughout the encodi ng wi ndow due to
codi ng quantization errors. [00144] As described above and in FIGS. 5 and

6, the BED RuQ¥indfSerd pfe-fois@ARIEMN R BAMeS BrduO&BSiRinAGdio BofbmiBgencodi ng
i ncludes transient pre-noise processing coding, toreduce transient

pre- noi se afaniPRIEIseeest bivsplasingithit apprReald awhe reeasal btk biaibpiing transi ent s
| s encoded QYnE&RIAGHD thel N&ioFRRARLALEAUAL R GRATEIN. THE Liti@di 0 that s

synthesi zed"using the audio located prior to the transient pre-noise. The
audi 0 i s proeesssdasiog iimg sealing sydzsis ne thet/it dveation isiperesrad suchghadtingefi on i s

i ncreased s ~ (N rjat.e. | ~ 2pl.ac .audi o
contain?ng #ﬁgmbgg%?ﬁgﬁ%ﬁf?%?ﬁ%?%@?C#ﬁ%ﬁgﬁﬁgghgyﬁﬁﬁﬁgﬁéabE?%%@“?S anal yzed
usi ng audi osysdenebwfralsysilyzandingaxdinsens amlysarand yapmowesgiilagtyand t hen ti ne
scal ed such_t hat. | uration S kncr ed.en h re c he.,audi o

i ch cont A HeopbR AU Rk Such 3R BRSO PR AR DS G REMF B C Qe
| ength 1 s usdh wioch e@plaarsehd thansienignsnerd. The exntirsizgkavdivdfiisresaklsagiaded i nt o

the existin ansi e renoj se just prior h ocation of the transient
Lo ensure A ehOPRe s B RorPT sk enbi st o] PRuhSair s e e
Iori gi Rab:c y Iﬁﬂﬁgﬁkt pichi 1o tabatioByf théirﬂgiegftagﬁsiu@enzi srﬁwﬁ; mﬁisﬁign@rogﬁﬁssi ng, tge
ength of the transient pre-nojse can be dramatica rreduced or renove
eveg for thsé(n‘é‘a%’g\ﬁﬂglﬂ “HEHERDI@W %?ﬁadﬁﬁ ayio ﬂﬁtg}é’luéﬂlfo’ t%%‘i%@je'r}%eone E- AC-3
encoder emhgeiRBid, thelledbeh SIABd irdi@iehy e N6iSE SandR AkMgiisalBNEIREGSESHLNG, f Or the
transi ent pre-noi se processing tool is perfornmed on tine domain data to
det er m ne n®eaAthe Gart Bhokdgekmwvitehige is disikledidi ng tine scal i ng parameters.

The netadata information is accepted by the decoder along with the encoded
bi t st r earl@01#bk tIp ansFiAG-&dnaodenvgibedimept, dmaofaliag mutthedistnalgyivandsed to perform

time d i - i : . i .
trans! ont. oo aie k9 A8l B ARt R ol e R Rt SR E R
rates. [ 00ldtgirmitlkendida@-i@oamtiodear.g peclidingime sepbing pahmetgrssihetingglag anal ysi s

and det er min d)%ﬂ"itllorl’rlels %%?ﬁtéd}% &?ﬁ&%ﬁ&%‘iq%;g wbﬁstﬁé’en%Qgetd%%st%‘e‘é%{. thgf%eﬁ}}s%ﬁe’d for
each detecte ransi ent-. e tine scalrng paraneters are transm ed as
addi ti onal tesiasgtranoisd wergdand drb ugekdeo partrogehealodiam @ateasing 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 transmitted as additional metadata, along with the encoded audio

data.

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

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

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

can be dramatically reduced or removed in the decoding.
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[00147] At an E-AC-3 decoder, the optimal tine scaling paraneters provided
in E-AC-3 netadata are accepted as part of accepted E-AC-3 netadata for use
in transiwoRIw®290i se processi ng. The decoder perf or nsPamdiseoihobIses
splicing and cross- fading using the transmtted tinme scaling paraneters
obtained fromthe E-AC-3 netadata. [001 48] By using the optinmal tine
scaling information and applying it with the appropriate cross-fading

processi n@h14d€ i ARehEEM: pRLR) R Pr&SsstddtIvOdHERDre N oibOWIP teohiRhEratabo codi ng
can be dramatically reduced or renmoved in the decoding. [051 49] Thus,

transi ent phe-vest desehristeadigsiep eieaaheonies The 2pYens Breyiofe PECestigent of audi o
that most clQaeliyns’ §REMRE&Red RGinid BfoﬂﬁbloGQ@élsﬂﬁuffeIﬁﬁ ubd 1ﬂ@§f)}e(Wer Af€- noi se

processing I nstructions, when executed, maintdin a four-block delay buffer
for use in t@@ptyntmr@nmsqmgcqsmgw@s@wow @hmxs;@ltw orids sispyhpieovemeitingns, when

executed, 10.£0&, }%rf%ﬁﬁgt? 2 OOE WA i%ﬂ@o&%@%&né%ﬁ%%g&[%gsy ormng a cross

fade i n and OUt’ on Overwriiten pre-nol se. 50] Denote by N.n
t he nunmber Qf channels encoded in the E-AC-3 bitstream where Nis the
nunber of PWNEHXRAel s, and n=0 or 1 is the nunber of LFE channels. Oten,

it is de m he N mai.n ch nnel unmber enot ed
L5 denidien A, bs Mk, SHAEl sl 8,8 SIRLLEL DUISL. €
supported by tembodenemtsn afanhdie apd egeotl i m\tanmbﬁmf LBErcthaﬂnelg @fts0itiiss

possi bl e, e . [.001 5 1] Thu n.th

oot ertent at i G0N BT LD NP R BB AL S0 M A i o

dat a that ld]ﬁhﬁbﬂieEonﬁh)@ﬁ'gaﬂitﬁﬁNStoM ciensasdagdmudiuppd@l 8y tabseseteoatdi o dat a
that includes Mmchannels of decoded audio, and M-1, with n, mindicating
the nunber RFPSCREEYOHEMARMExing alsgis posiikle. in ghichGrsetbdbect i vel y. Downni i ng i's
the case MKN and according to a set of downm xing coefficients is included

in the cd@¥5tkN. Thuy.deihemopt geoeral implamentatipp addadpepdermheiiborents.ar 001 52]
Downmi xi ng ﬁf@%g?«?ntoqﬁ@&ieedﬂ&b Hﬁﬂaﬂéf't AL M%HM&Q&H ARBB N daQlto L O the

i nverse tr In omaln after the inverse transformbut, in
t he case ofdeové:rduélpda@dh% inybidepMarg ebainglg ofxidcodedtagdip ad Winkd owhmgmand

over | aﬂsadd nﬁ’%{ ?nbfg%flls% éhE&neﬁs’ iTehcdR Id?].ltprq]lft %e%l%)c{ w"gﬁﬁrﬁ'&%ﬁh‘%ﬂgsa”d

over | ap- add oper tlon equency much
nor e eff|C|mthEhhﬂJmmﬁeaﬁwmgnnadwmhkmmmngngtﬁﬁﬁ@mﬁémmehEstﬂhﬂ@wee.g.
fromthe fqﬁLNthat any processing steps subsequent

Frequency domain vs. time domain downmixing,

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

domain after the windowing and overlap-add operation.

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

input channels to output channels.

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

approximately a factor of 5/2 =2.5.
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to the downm xing step are only carried out on the remaini ng nunber of
channel s, which is generally |lower after the downm xi ng. Thus, the
conput at iwoabicoaplexity of all processing steps subsegmemtuste 1iobzs33
downm xi ng step is reduced by at least the ratio of input channels to
out put channels. [00154] As an exanple, consider a 5.0 channel to stereo
downm x. In this case, the conputational conplexity of any subsequent

processi @mssrpp Mok boR&n (€Y nhymggnfswmrtﬁt@ Y- @cfs%&daers%d 2 Be =
2.5.[00155] me domain (TD) downm Xi n% is used in t% pi cal E-AC-3 decoders

and in the Wéum%rﬂegcr@e%%b%éw iflpgiptedayith FIGSu3A pugd @ dhgfierare thyeg@ais A and 6.
There are tﬂaés%ﬁs ﬂi@ﬂt 1&3%5&@% &e@@éer %Qtl&@'doéalﬁﬁo%nﬁs&%ders use time domain

downmi xi ng: [001 Channels wth different block types Depending on the

t o- be- en ?glckti?t'anneg%ﬁﬁgi;e{erbfrﬁwfgg‘q’ encoder can choose between two

d|fferent ypes fd | ong bl ock - to segnment the audio
data. Harnonic, sllbwleydmgamgiemcgbaamhodedmﬁ@ dostehty pi Eald-§ es@gemnbted and

encoded using Iong bIo ransient s ar nted and
encoded i n short b“fh88sf?s a’%gnéw?‘gz}tsﬂeflt,ﬁ?‘ﬁ%ﬁ%e&h&ﬁ%%%@?%ﬂ% eCent at i on
of short bl ocks angdghenghddudikdata. Haihes, elﬁWchhdmg‘lﬁgadLﬁRida&ildty(paiaDpt be
conbined in a frequenc%£ (gomal n%lgg EO 8 eration. g.001. 57% Only after
the bl ock type spet®FfEe Helsaradyd gsianiong Plocks, yhersas ngip say t he
channel s can be m xeflchiegaidi@toded MishortiblockAsaasRitohe ﬁb@ﬁkcySdMIﬁthEd
transforns, a different partial inverse transform process is used, and the

resul t §%f the tMeﬁﬁef@gfléﬁPf%hpﬁﬁéqcﬁ%Wlm?ﬁks benprendly fiferems a8l ned unt i |

just prior to the WhRdlowW shBd&l 1n[a%ue§§%r adRLR IR nAlxEngddpeon. hOVeVEr, foOr
first converting the short-length transiormdata to the | onger frequency

domai n d jn t he
36(257 V"*%l? aﬁélstﬁ blBgl@t P@%&h@e Oﬁl}%@tggsearg ﬁﬁ([o'ng lﬁ&'ﬁedo@er

f requency donai n verthel ess, nmost coder i npl enent ati ons,
downm xi ng i s car rthedhapoels grodte mlwletpsfehetrrﬂnlsfiomnqa@ dbbykdivighetlo downni xi ng

coefficients. [ Ooj“é%]stHR Tﬁfer%nth%ﬁaIQH mPs%rtr %l%lcléss %s@d % Iﬂn%sﬁlt

hi gher than the nurber o npu i'h channe omail N M Xi ng
approadh i s benefidithd twoakff¢rbtntsrangfyms cannot be dlrectly comblned unt11 just prior to

the window stage.

[00158] Methods are known, however, for first converting 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 coefficients.

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

channels in processing.

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

samples), which must be present for the channel in which TPNP is applied.
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the up-m xing step towards the end of the processing, reducing the nunber
of channels in processing. [00160] TPNP Bl ocks that are subject to

transi entwpretmoe®se processi ng (TPNP) may not be downm ®eet/uspoiiioessBs equency
domai n, because TPNP operates in the tinme domain. TPNP requires a history
of up to four blocks of PCMdata (1024 sanples), which nust be present for
the channel in which TPNP is applied.Switching to tinme domain dowmXx is

hence necessary t osfikdhingU® il @oREM i @Fhitis BERE Ye@Br! @ rivalpf R Priha
pre-noi se substitution. Hybrid downm xi ng using both frequency domai n and

time domai n downni XFAY POGLBTIOMIHE Nrerpeit BPsivEdegni ze that channels in

nost coded audi o signals use the sane bl ock type for nore than 90% of the
time. That MHpaniddewamixingusing otk fieijeéneydomacandtoye donsindogowiringi ng woul d
work for nore than 90% of the data in typical coded audi o, assum ng there
is no TPIR16the Theimichiorgechent o hal @ganalion mesteded Fudiq sigRalsismiie faBown i xi ng

as 0ccUgs I flolMPHCBl mBrel (R4 Wt offinéNims, HRCALEE har (0 %r@@fhn@@?&@lh&@?t s of the

present invention include downm x nethod selection logic to determ ne
bl ock- by- bl@ﬂ@lw\#ﬂvmmlﬁl@mwwumk Fretgelthee @i ol the daldn botchl coilereavdmmai n

downmi xi ng %O 3R Bé‘? BNEY. 1AR4TR 819‘9"(‘5‘?% %dk%&ﬁhgd%nghy t he

parti cul ar XI ng d as appropriate od enpodi nent

i ncl udes dedoewnmmng@ Qﬁcm@kntbylwlmwkal\tvﬁe%@rérdectqdelappl y frequency domain
downmi xi ng or tinme domai n downm xi ng. The downm x net hod sel ection |ogic
oper at es [0aI62et émmodananhelf fterprésontdpinyor inelgdedeshndo meihod ddwaioh Xigitgroor  ti me

d d t f th i ent
or 0. noi'te. e RERGE Rl h AT R ord g brerp RS S e R o

gu fferent M(ﬁ@’lklllil%@ E}glchﬁlﬁl fg@hafegz ldfomallnmlgiglﬁmdfﬁgelﬁgﬁb Iﬁﬁ@pﬂ}}kﬁé pzirnaq;uﬁlncy kdonrai n
ovvnmxmglsto e applled on or a ock t hat as the sane ock type
in the N cHYRNHEIENE H’S&P? é%@l’é%’{latﬁr s ginesthqdregibadigienynclydrg dRkeRpinmg0163]  FI G

5B shows a mbdlyl HidkdvRlREK PBpRaFeaiened doan askRdixmRR: sinRfdomalack- end decode
nodul e 520 i npl enented as a set of instructions stored in a nenory that

when execut €aVngrtise sIhBEpypngcagBedigleedregic apsrpteytogigiermips wheBe tg] so shows
pseudoggde afpgryﬁ ﬁ&ﬂcgfagfngmomﬁn)&@eormlﬁo%ql &%ﬁﬁlﬁngq% lR1m&0. The BED

nodul e 520 i nc¢ludes the nodul es shown in FIG 5A th only use tinme donain
downmi xi ng, desgappiningalf therd ipgiyrigpnsient pre-noise processing, and determining if any of the N

channels have a different block type. The selection logic determines that frequency
domain downmixing is to be applied only for a block that has the same block type in the

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

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

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

definitional:

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

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

downmixing.

33



addi ti onal nodul es, each including instructions, some such instructions
being definitional: [00164] Downm x method sel ection nodule that checks for
(1) changeoabibloowk type; (ii) whether there is no truePd®wrsadtiopsF3g M<N)
but rather upm xing, and (iii) whether the block is subject to TPNP, and if
none of these is true, selecting frequency domai n downm xi ng. This nodul e
carries out determ ning block by block whether to apply frequency donmain

downmi xi n@h185] t iFFRqtACRHEMAR\HOWnii X Bholl AR LB R cafile® HMERNEY asRARAIY adIM X
nodul e that carries out, after denormnalization of the mantissas by

exponents, frequen®y NEBRERTPYFSRRINK Iiluenytlememalovpmeing: 8girdhtyhdomai n
downm x modul e al Sﬂeéld&ﬁéy&lﬁ&iﬁdéwr{ﬁﬁx%ﬁ&fe'alsk?ncﬁl{)d?%&éﬁl'ﬂ‘éﬁoﬂ&lﬁ% fledybftyS! L1 0N

| ogi ¢ nodul e that checks whether the preceding used tinme domain
downmi x, in which duaspén esitioh degke medubaihal checkdivhbd@eethe pypcalingddedkrissed i n

more detai | bel ow. ;| na6dh g&&ﬂ?lﬁt RS HidAAS! hi PRl B%Igdrl{@cﬂff&%m 20 deals wth

processing steps associ ate certain, non-regu y reoccurring events,
e. g. program changéscriedim msrefdadilbglopuin aliginnghstrars(ioa 1@6] mddl¢ dsoTD downmi x

transition logic le.that checks whether .the preceding.bl ock used
frequency domain g}é)e\%ﬁrhmgl,pr?cﬁss\?\?ﬁ Sgefﬁg%tsgglgtteﬁg 1télc%(t:£n’i%§§ %H%P%ée ng‘ﬁ% ently as
descri bed i n nore dehtajd.g. pelgoam cHangaadaktt dsdmiing dve chanaelsi t 1 on | ogi ¢ nodul e

al so deals with processing steps associated with certain, nonregularly

r eoccur r i[om 66y erRikto ED dowRmdOf aisi€diA0gie modulehhashéckelivigh@uke gbaamgl s. [ 001
67] Furthernore, the nodules that are in FIG 5A m ght behave differently
in enbddi ments t hatPlqehepldEarsAsY HamyawawRPn g Whickease s ofpckts hapdedrp

downmi xi ng dependi RErQEhPAE dQCriBRNL nfoRNEHLdiT RSy, TPiddRR, Gl Erﬁ@sﬁﬁonm)%@k- [001
68] Referring to the pseudocode of FIG 5B, sonme enbodi nents of the back

end decodi ng et hodnqdilelalpgeleala vith procesaing PPy 1SpyiateteVidnecat2ivs nep-f r ane of

bl ocks from exter ngl, MBRREN-cuiRSs EVdniti N theherof oM xbing or TD
downmi xi ng. For FD o%lvmr)r/l XI rcllglg %2{ eéc%q%%%%ﬁel , g% hecmat hodg(i ncl udes (i)

appl yi ng dynamni ¢ r ghgy@elsont rol and di al og normal i zation, but, as discussed
bel ow, disabling gain ranging; (ii) denormalizing manti ssas by exponents;
(1i1) cafeoterp dutthéErModoemoduleg thatard in FI) 5SAndelttbahavie dffardntly lver e

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

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

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

appropriate output channel.

34



are fading out channels or if the previous bl ock was downm xed by tine
domai n downm xi ng, in which case, the processing is carried out differently
as descriweaoimonwre detail bel ow. For the case of TD deemmszéngz3sand al so
for FD downm xed data, the process includes for each channel: (i)
processing differently blocks to be TD downm xed in the case the previous
bl ock was FD downm xed and al so handl i ng any program changes; (ii)

det er m nijg@edNe FIOVEERS s b kAR QAT diakranCTRISK 700 cSHkpMIN AN @K@ihiap add;
and, in the case of TD downm xing, (iv) performn any TPNP_and downm xi ng

to the apprphedielechen loeic ﬂtahé?ﬁﬁﬁé@r t{lfomesgynqﬁms blockHpreschangs; WPNB dat a | ow
di agram Bl ogk+if01LnGQhy &ﬁﬁf&%ﬁ'%tﬁfé &F&%m%ﬁh@%ﬂ@%ﬁ?ﬂd&ﬁinﬁ%g BAntP@IC that

tests for the thfee conditions: type change, TPNP, or upm xiI ng, and
any condi t i ba indudes ie]23dilr dwotmnix trensetwtndoglgw nrecess dlftﬁerd@twwlmmgatbr anch 721

t hat inglud I rently a
bl ockI t%a’tJ %@‘é"&?‘?@‘ﬁaﬁé@ atawg'g’ ?b @%%%égsgeg%glfggi&%ﬁlgé@g?gﬁﬁmq% gownm il ng,
program chapgespnpeesai 11§ delammaluzmgm@mcdetm@zr lvmdmpznqmgs Thedatelomi dsa by
exponents. taf | t r k 721 i by c rocessin

bl boR 7as TR RSl SRR e bR SPRF oG IR, B Coror i pes

t he bl ock isletigen IBEic ﬂ@ﬁhﬁ@kﬂeﬂgdétﬁmlmtmmw mfoaﬁDhbwmmiEg)hddmﬂwu ng
processing 711 thtatF cludes a frequ (gﬂg% %e govvnmx raocess 713 that
di sabl es gal A PENHGi Pg,owélﬁﬂx‘fl%Pm&%f& g AP A oY eﬂ’éﬁ“f‘%g TREWYAY ssas by
exponenbs afGcesar I3l g ddubledfitlanging, xmmg)r e@dhcthanntD) delamnti ¢s the ansiiisaon | 0gi €
bl ock 715 to det erm ngﬁvvhet heEPt he VI oucf? ﬂ)ock Was roce

b
downni xi ng, DYaREORGS P eaEes Ay dQWB ‘P(g i SRPPRIX ngitign g)élct %et ect and

handl e any psaga@nGhaNBRse: HRYEHIAS biar wWagpRudssatanmelsynnliifgdaias | ow af t er
the TD downm x transition block 715 is to the sane common processing bl ock
73 1. [0017®yceThyick 8 hivsh dibesRdy <nd glsp fasterectzam! hapdly prygogapepaiget, s¥hsf or ni ng

and any furfhglind d)d?%héilﬂ@f@'ﬁel@lﬁﬁﬁ&%%fté}ghe THohHhbNehsitibiBlodoMBiIi§ihocessi ng
i ncl udes undoi ng gai n rangi nﬂ Qﬁh wi ndowi ng and overl ap-and processing. |f
g

t he bl dék i§MUPCORMOAPIOFESHE bl ock 721, the further tinme domain
processi ng further includes any TPNP processing and tinme domai n downm xi ng.
[001 7 1]0A70] 8hslomsion pfocesamp &tock @81 mnled@rib@memmfomﬁng)ard@esﬁrﬂgrfor a

back- end de od a n hown in. FlLG owchart it
part1 1 oned Sooyts BgesSHF METl ey RS BORMRck ok ks M BT i G

for siml arran@sg_)endl wingdofvingcihd ovnalap-dad pfobewing. If the block is from the TD
downmixing block 721, the further time domain processing further includes any TPNP

20 processing and time domain downmixing.

[00171] FIG. 8 shows a flowchart of one embodiment of processing for a back-end decode
module such as the one shown in FIG. 7. The flowchart it partitioned as follows, with the
same reference numerals used as in FIG. 7 for similar respective functional dataflow
blocks: a downmix method selection logic section 701 in which a logical flag FD_dmx is

25 used to indicate when 1 that frequency domain downmixing is used for the block; a TD
downmixing logic section 721 that includes a FDD downmix transition logic and program
change logic section 723 to process differently a block that occurs immediately following
a block processed by FD downmixing and carry out program change processing, and a
section to denormalize the mantissa by exponents for each input channel. The dataflow

30 after block 721 is processed by a common processing section 731. If the downmix
method selection logic block 701 determines the block is for FD downmixing, the
dataflow branches to FD downmixing processing section 711 that includes a frequency

domain downmix process that disables gain ranging, and for each channel, denormalizes
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bl ocks: a downm x net hod sel ection logic section 701 in which a |ogical
flag FD dnx is used to indicate when 1 that frequency donmain downm xing is
used for wbeotlweds7 a TD downni xi ng | ogi ¢ section 721 tirat/uiseahoedss3 a FD
downm x transition |logic and program change | ogic section 723 to process
differently a block that occurs i mediately follow ng a bl ock processed by
FD downm xi ng and carry out program change processing, and a section to

denor mal i zent handRBAHyERFordMts BXPOREAL FOWoRAGRidN M a FHARRELix The dat af |l ow
after block 721 is processed by a conmon processing section 731. If the

downni x et Fagitigelateairn dyicdasrper [ropchieriardiPh@s piniwubPlogkvhghdror FD
downmi xi ng, iw{0& Fabafd @a\eﬁl@gﬁn&!m e thE Pre RUO Blotk B PhaESAB Y, secti on 711

t

that includes a frequency domai n downn x process that disables gain

rangi ng, andbwinprixiegehd eheipeved suckie htockrdifiercady. Hée dataflow gfiey tha/Tladpwmaizt s and
carries.out ~ e T qQﬁgﬂj : Lt of Sehipn 715 to
deterniﬁe ﬂgEQQQQQQQEQZQgFKggg%ﬁ%H%%EV| ué%%#%gﬁgaﬁgﬁﬁ%k§%ﬁg?§ |s&g channe
fadi ng out mrcenhieg legic sedtion 38 binclodss tht Gek chwasel prece ssedomyngidddoywnni xi ng,
and t O Procaag r%ﬁlncehd?%}gpn! porg kessqI f. t[%é Furlltthlfnytimf;r goemaclil?‘ ér%](c:és 3 %Fcfu%gs &nlaginTD. downmi X
transition section 15748 the sane. comnon pr ce55|%g ogl ¢ section 731.
The conmmon giioeesisg ngd Woghbeieeoat bonlagadd prcéssidedf FOrdmash), oldaated TI) nver se

transform ng and .any further tjime. domain pr ssin The f er tinme

domai n_ procRaanty e tHhbe Sl B pERgRR AR Rl adiNig and

over | apoadoprpresgessidnine domarAmmikiag.0, | ndi cati ng TD downm xi ng, the
further time domain processing in 731 also includes any TPNP processi ng and

time domgogy 78P WNUXihRGafief @O FHedowNati@nd, Ridthe 81 @fwrhhie i baWsUR efigh 10 the
TD downmi x transition logic section 715, in 817, the nunber of input
channel s N 719, @dtl7the panieraf @avrehapnels RIS sefip ke the pargasphe NEHEARIEPYY so

that the remahaan, &f iR PHARESDE BR pré&eSine, & PEHRHRLES R RYcdin&GPMON
processing logic section 731 is carried out only on the downm xed dat a.

Thi s r educedo¢ehunglvpigriection 7¢bimsatriad PerrnlyQin the devwamixeredats. rbisdeshvagsrthe

downmi xi-ng - i red ransition
fron1a&EIoc (?%Q?k%g%a%g&gg&%ﬁ?§§g?gﬁgﬁ&%ﬁbgg&%%?ﬁ#ﬁgﬁgﬁ%&g§g§t 19 in

secti on 715rpgowdiedkedhen dtercin aglansign frdwos blogk thathweasN D dputmishannehd Ty hat ar e

i nvol ved in,the.d m xin TIr i tion. handl.in 7 I ing, it is
necessary (i REREIES oo RSP RRh A Dt AR B Bt APd ke brnE GRS " rany
ot her encodihagpeisghdtadsinugdeeddn leplpedmixiansf orm e. g., a 50% over | appi ng

Transition handling

20 [00173] In decoding, it is necessary to have smooth transitions between audio blocks. E-
AC-3 and many other encoding methods use a lapped transform. e.g., a 50% overlapping
MDCT. Thus, when processing a current block, there is 50% overlap with the previous
block, and furthermore, there will be 50% overlap with the following block in the time
domain. Some embodiments of the present invention use overlap-add logic that includes

25 an overlap-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 differently transitions from TD

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

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

stereo mix using the formula:
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MDCT. Thus, when processing a current block, there is 50% overlap with the
previ ous bl ock, and furthernore, there will be 50% overlap with the

f ol | owi ngwbl2otikiopes7t he time donmai n. Some enbodi nents of PChAISPrie®e3Ist3

i nvention use overlap-add | ogic that includes an overl ap-add buffer. Wen
processing a present block, the overl ap-add buffer contains data fromthe
previ ous audi o bl ock. Because it is necessary to have snoboth transitions

bet ween 78] bliQekssipul @AbRd 1 S=alCisl Hd8dado handl e differently transitions
from TD downm xi ngl]to FD downm xi(g%,Réand from FD downm xing to TD

downmi xi ng. [ 00Rglt oppy degotgh Bys? {B¥pl e of processing five bl ocks,
denoted as bl ock k, k+1, k+4 of five channel audio including as is common:
| eft, cerd@®76] r ittt suppdses thar ¥ mwnaedmgbed irgistoraus nednidich naanegles, denoted L,

C, R LS, and R espectivel . Xi t e 1.X ing the
Cor mul & oot sants AERRECRE Y o 800 ARADLLIIR Bp P LERIGET0 10 o
R = aC+bR+ctRSblofleX] 7.6 |k+Flafis] thd vetipg as@drdnnap tabaimm epesdnappedecbdiagsf orm i s

d. Each rectangl ts the audi ts of a block. Th
nor i zont &l BES ST g1 BPOE B bt P Ebredetb e b R na NS | o

t he verti capro@xed bl FOMdnamitiog, hed blotkskeprnes M by Thdodendaign@s paroigr ess of
data. Suppose hl oc | S .pr.ocessed TD downm xi ng, bl ocks k+ nd k+2

o ocessen By aH F R COSRaR BTt A e Sy DT ¥hg A6 can
be seen, f omhe 8@6AoMhintdBRNARIEOWRAIX ihB BoldbiR e K&, wHidrethél MRt xdrdie dOES Not
occur until after the tine donmai n_downm xi ng towards the bhottom after which

t he corfent¥vaiuxedde agbiyhrsasl: WhilaigghrTDedoXimmured blogk; the leflgnd right Fp
downmi xed bi@gdels ih iR A lidncRa8mbih @Rt aehBNRInfitdd afdberdfuetyBmyindomai n ar e

al ready downm xed after fr%guenc domain downm xi ng, and 'the C, LS, and RS
channel datdvanexipgrad 89.C. $one Fheeandgl éatﬁérequdagmﬁ@ﬂlw@éhnwwém, no

spect al - casubaRdRdnb Sl BALLE FhaTheR -k ERbafiEpY Ty deyni xi no to FD

downmi xi ng or from FD downm Xxi ng t downmi Xxi ng. 177] FIG 10

descri bes tdwvngusiag fFI5doymviamizap frea H devafrokimg o Bupgpwseixonger | ap- add i s
carried out by overl ap-add decodi ng using an overl ap-add buffer. In this
di agr anp [0d1@7] t HEGAHY d&sdiboc the icgse 9Ifi 60ba oasrlappeal transfangd. 8spposdievellapvedd is ef t
triangle is _data vious bl ock, while

in the overlap-add.buffer fromthe pr
the Top ri gtk SRR ERERE R S ST I R B R8s o
handl i ng f ohe datd BlodloisRhdwn dsawb B ahglskvhedlotve Bl itridn@le 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

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

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

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

module shown in FIG. 5B. The processing carried out therein is summarized in the TD
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[001 78] Consider block k+1 which is a FD downm xi ng bl ock that imrediately
follows a TD downm xi ng bl ock. After the TD downm xi ng, the overl ap-add

buf fer comoarngiedse L, C, R LS, and RS data fromthe | ast/usk@ai23shs ch
needs to be included for the present block. Also included is the current

bl ock k+l's contribution, already FD downm xed. In order to properly
determ ne the downm xed PCM data for output, both the present block' s and

the previ ougwihff kakidalicineedsn 118 JP&1d;.%C e defafl! trdnlitiSn hdddBndfoBY i OUS
bl ock's data needs to be flushed out and, since it is not yet downm xed,

downni xed i hP dpenpixie FRsleginmix rHsitopdnc@atri but i ons need to be added to
determ ne the downm xed PCM data for output. This processing is included in
t he TD dd@MiBk tor algihquonvdriepbetferd by pbdiRg @GSos iftoanvdrl®-addickibynd hagyimgde i n
the TD downm x transition.|ogi,c i hcl in the FE 1 X ul e shown in
F'G 58 The pr oo MBI & Pl Ind ARuEER YO B L Do
transitbon | ogi ¢ seetlhpaddldgic OfhifHk Ge M data wbthe pobetamb block ofahspdriiatarhandl i ng
for a TD downmi x th'aFD dovvryn' X transi(tji O{g‘! ibn | udes: %00179 Fl ush out
overlap buffers by FREGPAY G ePEUIHEOETEP PHICTAGY BEIT “dRe car ryi ng out

W ndow nﬂ? and over| ap-add, Copy .the flushed out output fromthe overl ap-add

| ogi c. THYYEPL ¢ helipedoqaingogmininie BEM slady Top e edtp puilersdq@eReEdif ar channel

prior to downm xi ngcM@4ErdraR My ideimiROMHe prvaiudsloger oes. [001 80] Tine
dormai n downm x the PCM data fromthe overlap buffers to generate PCM dat a

of the T(E)}g(ﬁ%‘(‘ﬁ m.x ﬁ%%&eﬂgy ) ﬁdb?nnlﬂk OF the n%x? g%tﬁ ?roi'n] the EJrPeﬂHﬁBﬂé’é C?n e' N

downmi X the new data fromthe current Carry out t rse
transf dém and f eedhnewedatransbfrmend KR dowdata xiterd Tadevinnvieg ged tverssf orm i nt o

over |l ap-add | ogi c. Ly. 1. ndow . - so.forth with

the new data to ge%%?fé){% 1%%3’%“3[;%8%\10@&2%&5%#%%&2 dtog%ﬁjagua;ag ’eE{r?lltd bl ock.

[001 82] Add the {OMtdaith ttefnetvhktaTDgdevaPRMalath abfihet FizdSDindewhtiex t o

generate PCM out put . [nﬂn%%?’] Note that in an alternate enbodi nent, assun ng
lock

there was no TPNP §Wthe’Pievi ous bl ock, the data in the overl ap-add

buffers are downm x n_an over| ap-add operation is perfornmed on the

downmi xegoq}ﬁg]put' c ‘i‘ﬂﬂ?&ﬁ)gﬁ/l %?%fta?/gpdlgwﬂ‘é‘gbqnﬂ@f% F%aﬁlor“ﬂ}mgﬁfo &he8Fer | ap- add
oper atijgn for eachppwiemius bl ock channel. Furthernore, as described above
for AC-3 decodi ng, when a downm x buffer and its correspondi ng 128-sanpl e

| ong [00183] Note that in an alternate embodiment, assuming there was no TPNP in the

previous block, the data in the overlap-add buffers are downmixed, then an overlap-add
operation is performed on the downmixed output channels. This avoids needing to carry
out an overlap-add operation for each previous block channel. Furthermore, as described

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

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

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

Transition handling for a FD downmix to TD downmix transition.

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

block, the overlap-add buffer at the earlier stages, e.g., prior to TD downmixing contain
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hal f - bl ock delay buffer is used and wi ndowed and conbi ned to produce 256
PCM out put sanpl es, the downm x operation is sinpler because the del ay

buf fer iswonbywm287sanpl es rat her than 256. Thi s aspect Pcedise@d/023583 peak
conput ati onal conplexity that is inherent to the transition processing.
Therefore, in some enbodi ments, for a particular block that is FD downm xed
follow ng a bl ock whose data was TD downm xed, the transition processing

i ncl udes apgl ¥ovdhnidQNMI i dieit And HEnc REAMEIQ- dnll AB dSQ IRINE ofher dafnetlatrRe Of the
previ ous block that is to be overlapped with the decoded data of the

particul ar BIGRICIOCKrsARBITIPHES et v rised EntiEgid Gnh oD x
transiti On-to%%%rl@é&telgﬁﬁhsdagg(gwm&&i(P%IFﬁ?da Quehid, Rnlibe fRUADXERGaR] OCK t hat

b
i medi ately fol'lows a FD downm xi ng bl ock k+2." Because the previous bl ock
was a FD dohapisvigenkingki daga iedete, betidudgd.dior By ddrdyidus dtocks dathacalar | i er
st ages, -€. g.., I WYL 4 i 1 ~ .0 the left
and ri gﬁt cogﬁ@g%hg? Ogtggﬂ-%%lg%at a ?ﬂn&?ﬂﬁf‘g&gﬁlﬂ*gﬁ%?ﬁ‘gﬁlﬂﬁ@@ﬁﬂgﬂ%@?@ﬁt bl ock' s
contri but i omd added indte inkeve tiarddrmedtdala tzft tves floshed TUD taldeaermiineithg. | n order to

properly determ.n m xe data f.or Ut h t he present
bl ock' s ané "t éxe;eglrfteé\}?ggtg\f(%logzéﬁggﬁ gﬁ{%egns%gdsmtcgﬂ%gﬁit%ec ug%‘%@mlléor this, the
previ ous bl toakitisn thatcd/2A @€ HEGS. G abé 8 fdnd b e coud in tHhED doesenttrantideklogs dat a

needs to be d i xed | e tinme domain.and added to the inver

rr anst or mo e rergen (RSP o R SRRE v e e buh S BeEBocu dat a
f or outiput . dobhinsix paBaRSIOdIGsccGon TR A CHEEL 8. h b dEfil dRvwmiThX thefeaiRSdiyhdn | 0gi €
723 of FlI 7 and 8, and by the code in the FD. do 1 x transjtion |logic
modul e sh(?\%?pl\t/lr]i’u%?ré%o@éal Q“ﬁét frageeswnsiior pmdling g g S8R 5P summari zed
in the FD dewhmix trhdsadaiidd@Rs:! ogi ¢ section 723 of FIG 8. In nore detail,
assum ng there are output PCM buffers for each output channel, transition

handl i ng (dgsp FD AEWNE SveiRp Bl GOMPRENing L@RSihl RBrIdpAEIaYAES and GRHin85]
Flush the overlap buffers by feeding zeros into overlap-add | ogiC and
carryi ng out w ndodtmdndewengoand oveppadd. Capyplie qutiat sie Baruipat R Mpsffgut put PCM

buffer.,sThe data fmsﬂaﬁlggédbdﬁ%sttﬂeeP&)WaQ%tfﬂlequ &&&HEQOF@%F@%TQ“ the

previ ous bl ock. The ove er now contal ns zeros. Carry out
i nverse transform bigckofTh¢ drerlapbnfttanaw obnthihezares: r ent bl ock to generate pre-
downm xi ng data of the current block. Feed this new tinme dormain data (after
t r ansf or 901186} O -t h€arev@it kraprsa dahsi@in. of [(K¥ik8 data (Calier nronttblovwk e garerag: and

overl ap-add, TPNP [I)r];:— o%hli)?igg d;{g) ofd e Purront %)IYIO(t:kh Feed this new time domain data

(after transform) into the overlap-add logic.

20 [00187] -+ Carry out windowing and overlap-add, TPNP if any, and TD downmix with
the new data from the current block to generate PCM data of the TD downmix

of the current block

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

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

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

and carrying out windowing and overlap-add.
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the new data fromthe current block to generate PCM data of the TD downm X
of the current block [001 88] Add the PCM data of the TD downm x and of
t he FD doworzoki/toewegener at e PCM out put. [00189] | n addit iPom/useotti23533 t i ons
fromtinme domai n downm xing to frequency donmai n downnmi xi ng, program changes
are handled in the time domain downm x transition |ogic and program change
handl er. Newly energi ng channels are automatically included in the downm x
and hencgo@aonotNJAERH: BOHowRRRIsRdw 43k BRI emBABNGER], he W @bnc§la8mBAR | onger
present in the new programneed to be faded out. This is carried out, as
shown i n se¥inghx ies seefiop) ¢! ingludey dipghling-the @piing saihigngiag Eatusy/fof plishi ng out
the overl ap.Bpfdahs aff pahiR® ufedfliqBthe§ NANAR aSwn iSRG QY nh HARELAEd out by
feeding zeros into the overlap-add ' logic and carrying out w ndow ng and
over | ap- adRar0E1S03 piamnetens waichtwald indyeedlaifarens keang alnaichianned’s specemtbodi nent s,
the Fr eﬁuen&%ffg%[mi Rudonnint %}i?&j]&mﬁecti on 711 includes disabling the

or a

opti onal galn ranging fteatur I channels that are part of the

frequenc in_downm x. Channel s. ve different in ngi ng

b anot oX@HHT cin AR SR P MBS Png G 98 fBkR 2l 8% pece r a
coef fi ci enti@edifiblisicip tav@e tiimgua dawgninXis us&@0d pBridin dan ARgiag temnat i ve

i npl enment at i on, thg FD Sdownn‘i.xi ng | ogic section 7 11 is nodified such that
the mini murtf§AUSaFy dogagimglopamixed §igngele 't or m gain ranging for a (frequency
domai n) downm xed channel . Tine domai n downmi xi ng Wi th changi ng downm xi ng
coef fi ci ent Gimgrflpnpie dowemixingvitk changingdovwmmixing codftidionts andnerdi for ng can

cr eat e 'Qeveplicibergss BANE Di f f er ent downni x equations are called for in

different circunstances, thus, the downm x coefficients may need to change
ynanm cal?SoBhs A BTSN O R OGS APl oE AVS | abl o
that al | ow foRinl @fféreg clrb@nd@amoey)ings, aeeddwneii € BdeSfidictis @Rf hd¥ako fRsed ts. [ 001 93]
Thus, the downm xi ng coefficients can change over tine. Wen there is a
change f r orfiYRaipjcplly baged o g%mt%%@/l%%’éﬁfﬂa%ﬁ%ﬂ? gvailakle ghifloget  of

downmi Xi ng G rel d @ ndnix LS Pros BRAMHhA g1 cr oss-faded fromthe first set
to the second set. [001 94] Wen downm xing is carried out in the frequency

.’15 .,t W NIITX] e.'it | 11 :'en. rets .ae ~
domai N,;5361198f S Anhl B nAR GRS ESe i RS Rh Aok 80 tinf: When tHdreds REfQke Tt AC 3
decoder, "such as shown iIn 1, the

from a first set of downmixing coefficients to a second set of downmixing coefficients,

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

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

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

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

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

cross-fade operation.

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

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

of processing in the case time domain downmixing is used, is: carrying out the inverse
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downm xing is carried out prior to the wi ndowi ng and overl ap-add
operations. The advantage of carrying out downm xing in the frequency

dormai n, owoOi2o1tfteederi me donmain prior to wi ndow ng and ovecras2@da23ss3t hat
there is inherent cross-fading as a result of the overl ap-add operati ons.
Hence, in many known AC-3 decoders and decodi ng nethods in which the

downm xing is carried out in the wi ndow domain after inverse transform ng,
or in the fERAQENEY.. dAMRIMcdrfidd R QYLK the AQWDRrNbAGA, IcARi8EBRta} | ons, there
is no explicit cross-fade operation. [001% 95] In the case of time domain
downni xi ng EHgieRtPEfTBPiEHRIOG P Sidceding clelay). Ajd Py dompia dewiiBixing be a one
bl ock delay in transient pre-noise processing decodi ng caused by program
change i 460186] dn guch aicaseathg timedienwdelownifipusg refwires whyosadergtod pofviouhendor esent

i nventi on, 0. X i [ 0 j i e i n PNP is
used t me SOSR AR 00 o3, BBL AR oS TR, SBRuE,

over | apsaddhathing clomdein dvnpri:ogesHiang arasthdighedase tinme domain downm xing i s
used, is: carrying out the inversetransform e.g., MDCT, carrying out

W ndow ngocaed] o\&ielpRoidds scCard Ya@onUhdeaipyratibrdidsoplite Pcref@b@e pProcessi ng
decodi ng (no del a and then tine donmain downm xi ng. [001 96] In such a
case, the t{REIHBMAICROEEWMH Rf W@X”Pgeﬁ%ﬁ’fffcéeé‘t @r‘ﬁ%ﬂheé?diq?am‘égfth‘bp’é‘@ill%ﬁlﬁé °hnd
current do i Xi ng data . g., wnnmi xi.ng . co icients or. downm xi ng tabl es
Co ensur e tpaenriR et o sl R SLR T CPen EnPET ot " 001
97] One opty | 2Ot S~ Qper 3t nmp _he

resul t ant C%Q??‘?z‘%“téﬁ?lf&ﬁg%% @};ﬂél[:[??tﬂea}%g&l??gggg?%ngt?gg'? Olf%teﬁg%a, wher e
i denoties tipdateiniRing BelEfciadt ardby ¢ ], rtedpamdmBaloeSicie80 Thhabsstfage r ange is
i=0,. . .,255. Denote by w[i] a positive window function such that w2[i] +
W2[ 255 -i] operatigntqapplyis: . | 255 . Denote by c 3/4 the preupdate nixing
coefficient and by cnew the updated m xi ng coefficient. The cross-fade
oper at i 0106198RPRIY =ivS[i]-L 00A98b55cLil o, =wsi4(, - crsew +wW2[ 255 -i]-c ol d for
/=0,..., 255. [001 99] After each pass through the coefficient cross fade
operatio o) coefficients are dated wi.th the new. .as cold c e .
[B0200] Ho0eRE. pur SBRees IpUiTu LG RHRHER: MO Pk e RO Ho20%) <
=w iV ¢ w it dffated withahohesgaew . «{H0202] In other words, the influence of
the old coefficient set is conplet eTy gone! [00203] The inventors observed

that i n;i58oRUdh heStkGANS i3 IRMMO N ShdatRt | ons.

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

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

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

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

20 downmixing process, embodiments of the time domain downmixing module include
testing to ascertain if the downmixing coefficients have changed from their previous
value, and if not, to carry out downmixing, else, if they have changed, to carry out cross-
fading of the downmixing coefficients according to a pre-selected positive window
function. In one embodiment, the window function is the same window function as used

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

function is used.

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

instructions. The downmixing includes ascertaining if the new downmixing data are
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m xi ng coefficients do not often change. To inprove the performance of the
ti me domai n downm Xxi ng process, enbodinents of the tine domain downm Xxi ng
nodul e | rwbrde/texsti ng to ascertain if the downm xi ng ceefrfiseianeisihave
changed fromtheir previous value, and if not, to carry out downm Xxing,

el se, if they have changed, to carry out crossfading of the downm xi ng
coefficients according to a pre-selected positive wi ndow function. In one
enbodi ment , ydchghoWd REQW DS QRixIng dhREIrSE&NK: WWHRENn HRRECRuAS up$gd in the
wi ndowi ng and overl ap-add operations. In another enbodi ment, a different

wi ndow f unci*nipg PSE el iInJuoeipms o m least qne of thevgge 8T ptei P @EPcpseiicdddode f or

one embodi MeRLLALing QWA hﬂ&ang-%%o%ﬁgég%daftﬁhclﬁa{ﬁge&'@utﬁ@?ﬁaiaé{%ﬁé uses at

| east one x86 processor that executes vector Tnstructions. The

downmi xi ng fTupeihg 8% veptarenstrattiinngthefwisch e thenevoadawimixing date atcahanged fremanged
fromthe ol 1 X1 1 1 X1 N udesisel g up for
runni nggSSEt (\J’/g@}t@g%ﬁf{s}%%ﬁ ?Igr#égt%@qg%lﬁ gg%tg M@ﬁ%ég%gst ﬁg&lone or&lﬁ%?gétgx%

pr ocessor s, byanmebsdalimndperatign.usi ng t he unchanged downni xi ng data i ncl udi ng
executing at |east one running SSE vector instruction. O herwise, if the
new downni xExt@uding prozéssingvangeidd daem t he ol d downmi xi ng data, the nethod

i ncl udes determ ning cross-faded downm xi ng data by cross-fadi ng operation.
Excl udi nd0qP0Bk eds sange divmeasiod sidatians GOR05} 1¢ast @orbamdelthatideeigpt si t uat i ons,

there is at_| hannel t ~do t. rl t i xed
out put . Forcoggg)ﬁ%ﬁltg%idﬁwﬁhxéd8@?@%1?%%&%&%?#% ﬂ C%S?%éﬁquk%méﬂg% %Q%Wst er eo,
t he LFEochamdal to issrenothe LRE kchichael, is 8@ itdhaled tshehad enloiwrmixsis 5.110 6. Phd. The

exclusion of the L npel from.the downm be inherent.to the coding
Format - as sifa SEhe E RSPl Al M RO i s B F AR ohfy” fhe “ase
for E-AGC 3.isthe chseAGr 8C-3, becdnfreiiddyenaaia, par aieeherfodenerfilnEsAWiethber or

not the LFE,chapnel. is incluyded.in the downm X en the. | ] x| evcode

par anmrer TRIEp e PRI GRS MigRer RaPUBATT A Y BSHARLY 00206
Recal | t hat dsewii WhéhghdBymikR vealelpaehe@uts 0, thelllFE dhh@@UBMEYincladai iR thel N t he
pseudo-time domain after inverse transform ng but before the w ndow ng and

over | apg®addi¥¥8i%ati on, or in the time domain after inverse transformning and
after the wi ndowi ng and overl ap add operation. Pure tine domai n downm Xi ng

i s carri deP286L iRecarhibyt denomiriEACaY Be ceeidet 8, hafeuencysiomaireiiobdi ment s of
the pres entpshﬁ%etﬂhé @&nah@ﬂger 'irﬁleﬁg Ylg&tf(ﬂfgl%’t before the windowing and overlap add

operation, or in the time domain after inverse transforming and after the windowing and
overlap add operation. Pure time domain downmixing is carried out in many known E-

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

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

allow.

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

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

out, e.g., in FIG. 8, in the FD downmix loop section 711 in the loop that starts with
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e.g., because of the presence of TPNP, pseudo-tinme domain downm xing is
carried out in many AC- 3 decoders and in sone enbodi nents of the present

i nvent i onwoand/i0296advant ageous because the overl ap-add epErnzsteomipsdvi des

i nherent cross-fading that is advantageous for when downm xi ng coefficients
change, and frequency domain downm xing is carried out in sonme enbodi nents
of the present invention when conditions allow [00207] As discussed

herein, fregysng ¥t endiidOWARY ¥icRGheh& it BE RSt ne®f dHafle® Mhost OMARRIX hitY
method, as it mnimzes the nunber of inverse transform and w ndow ng and

over | ap- addngipdaddn thsslewpaiuare exrlvdsd pr Beinweesaing- channel output froma 5.1
-channel input. In sone enbodi nents of the present invention, when FD
downm xi i@P208] c drawredxiogin ciderthe pjenddti@e d@nain pftertibe ERerekovamsiorm bolop secti on
7 11 in the_lQ t ts whthel.e . S_ . i hcrement s
in 815 to t eéorgglftﬁgiofﬁﬁgﬁd Otvg{lg)%)éadg h%ﬁlwe ega%oc%o%%lcﬁf%g% H?V%flsf ?\rggsé%r\%nm X are
excl uded i mntlhie pindoeiag hmbovef 1O 208} lRovmmipuxatiogaliyreffiii¢on éran ihbe psqudor t i me
domain after the inverse transform but. before the w,ndow ng. and. .

over | ap. addiom e E R At P RN HEE e ISP RAeABE ¢ ne

W ndowi ng aikdarfiv@sit apeha@ebutls-tihe sismadrpht idtdrenadnkfprre bpdraicant cdrfiainoucn t he

frequency donmai n, | n_man resent day decaders, such._as_pr.esent-day AC 3
decoders, d8dwrIdenHy P %ﬁﬁ’%@ gt Pretgn’énﬁ?éfi‘&om?‘ruﬁeé‘ V9% The inverse

t ransf or m opgk@ih ONsuck d&@tiérs @tagiet obicheiniangle Bhdnyielf.r o id emapdtationglyoper at i on,
e.g., in separate nmpdules. The inverse transformin such decoders is
carri ed out ™BHVLY nefisisat begasitn i he capppisthy LUK shannelor bring ingludedy e vel y

i nef fici entjnyBQGAMSBrm isilIREricASR f@ﬂcthfsQﬁaﬂa@ETHi@@ﬂr_ﬂa%&ssﬂ?br&@sisﬁl% i§ ncl uded,
the inverse transformis still carried out for this channel. This

unnecessar ySigtieashecage  eyensthgrghrthe BHE clivepel islamited hapdviddu gpplyipethe FE channel

is limted RandWifrm PRl YERIndE oY RE SEmbdhaRaha ol & abﬂ?inlg'ﬁ% channel
requires as nmuch conputation as applying the inverse transformto any full

bandwi dt h ciggseetransiphe tq anydnll bangwidsle dhpnned ebhetinyestoryyeedengieeesy.  Sone

enbodi nent s; ok i i | - 1 1 v e

non- coﬁri bllrjlgifﬁﬁ%t}%hgﬁﬁiﬁgﬁ%dtuﬁ%&ﬁg&l\tﬁﬂpﬁe%%t@ Cug%ﬁfgfu'g’@ ngﬂ%fg%_@?gg% 1};?@{3:“ ng
channel bei myg-@neihamredhantestof dees.n mput dwntals, bnvecontriitiog Mamdbepgte channel s

of decoded i i men t he i.dentifyin es I.nf ormati on,
o o et acHihS el fbg® R RARALNIRINEm bl UERG ool B0 (BEGRITL | OF
exanpl e, t hentHodmanbsathoédeniifyirgaisesdefotmbticade. asmatadonthaodkfinesarbt i ng channel .

S &Evvr}ltrnslxigé. Iltl Hl% 5I . ﬂ\(l)%f}} clio%vr}mln)rcll%g; lél)ga%l ee, rﬂ];equrE crt]lgnnaél is so identified as a

20 non-contributing channel. Some embodiments of the invention include performing a
frequency to time transformation on each channel which contributes to 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] In many present day decoders, such as present-day E-AC-3 decoders, downmixing
30 is carried out in the time domain. The inverse transform operation and overlap-add
operations are carried out prior to any TPNP and prior to downmixing, independent from
the downmixing operation, e.g., in separate modules. The inverse transform and the

windowing and overlap-add operations in such decoders are carried out on all input
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frequency to tine transformati on on each channel which contributes to the
M m out put channel s, and not perform ng any frequency to tine

t ransf or mei0i20n/weweeach i dentified channel which does norCrarstelniloedse’to the
M m channel signal. In the 5.1 to 2.0 exanple in which the LFE channel does
not contribute to the downm x, the inverse transform e.g., an IMCDT is
only carried out on the five full-bandw dth channels, so that the inverse

transf or m p@uhde®NThiS iCRRpLBHRHUY rahdvRryifuahbM, JL%st af etch@nrafe itie _
conput ati onal resources required for all 5.1 channels. Since the IMDCT is a

si gni fi cantchapigl Be beme érsisiad-abd igrere Eoriprarnd yindavingeverkeedd ag st hod, this
reduction ”@a}‘riéa%u?fog fHid %19%5.-Thﬁs%%9c%lsa%r8&E§{ngQ5 & ﬁigihaxf!%ca%?%ﬁr s, such as

present-day E-AC-3 decoders, downmxing is carrie t in the tine domain.
The i nver sethoyghrikd bhehaped] at linsiteddhaadvoididy dppbi-iagidic opersatriinsiamand carri ed out
prior tQ an \ rd X1 '@%\ . . ownmi Xi ng
oper at i gn, %Q.egi%,\lf‘}dﬁa?Sgﬁﬁ{héﬁ%%%ﬁwgaﬁﬁgh |Cdn era{sﬁ(g)ﬂtq ?%&%@%’%}e yr%grsghe

w ndowi ng amnusiove phdpindddingfoeerdaptadd o any fgll bimddedi demselalnsomar ri ed out on
all inputchannel s, This i 0 ationally relatively inefficient because,
" the case Bropfa Bt e AR WaD R NP AL S R ELER o o
and w ndow ingfley enb@imanid dawemsingl thaydreatred ootih tHegimd dvingircdegamihg onThi s

unnecessary, processi i s significant becguse, evep though.th channel

s Vi m ¢ od” BRRGGH o R Fe e HET Py ST B RS B o the
LFE chaonel preeftinvesioamh wilehTIo dophih&ingdfuad igppie Ydeagfyitdeone bY ibfenohr ansf or m
and w ndowi ng/ overl ap- add to any full handw dth channel. |n sone

embodi ment scogfn%PH‘ég %ﬂ‘“@%@%‘% ﬂi‘W‘é‘rﬁ%/Hubﬁfanﬁ‘g%ﬁ?ﬁ%@‘?@nﬁogmﬁﬁélfsr YhﬁbJéBﬁfg’lqgn the tine
domai n, anduskinirMetione 8RO dieBMNth that AIWBNINX BN HBIheDB (B&S.1 kedoout in the time
domai n dependi ng on the_ outcone of applying. the §ownm' x met hod sel ection

| ogi c. SonmelWHHBHMHEHIYP G hetfd Ghraebiiso ie)@iad a8/ PP cMIRKInE she8@nn xi ng i s

used i ncl udg,nd@oldfnYdnRr RGN RAnti SPIBIUBORG RNk Al il BB e GhaAIRI, Be.0f the N.n
i nput channels. In sonme enbodi nents, the identifying uses information,

e.g., mMBt ad&@CrA inetrpdymaten efosirirbanay which coneibsieq tortee .1 od@Wnmi xi ng
exanpl e, 1 NGgafek, Mﬁérfdn%i@%y ﬁ%ﬁﬁe&l@}l &9infSrAs BAROARRI bR |G channel .
Sonme enbodi nents of the invention rncl'ude performng an 1 nverse transform
i.e., frequémnmyn procassipngon ¢agh sfeotifnuldhanmebwhichddes ahagmeibughp di¢ Mont ri butes to
the M m out f. ! AW |

t ransf or mat @g{l]negﬂg]%gﬁ hzhre S?P%e ' o%%ll ﬁieﬁgmcgg? ng o%ﬂaglgegﬁgé%g%%nﬁbg% Channel
whi ch does thetlowwnixr thb invers¢ artsfremié. gy, ahMORT, the¢ gvealap-adldy abdde FPNPtage 2. 0

exanpl %Oi n (\)I\IIH)I/ ((::arllrif'gcf| oeut |6r|1: Ele(fibfea ri]urﬂ‘?’tl)ang\())we (r:ll%%ne s? Q(g {hiag3 tH;[: 1enVE:r(ge transform and
windowing/overlap-add portions are carried out with roughly 16% reduction of the
computational resources required for all 5.1 channels. In the flowchart of FIG. §, in the
common processing logic section 731, one feature of some embodiments includes that the
processing in the loop starting with element 833, continuing to 834, and including the
25 increment to next channel element 835 is carried out for all channels except the non-

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

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

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

contributing in that such a channel is not included in the downmix, and, in the case of
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t he downm x, the inverse transform e.g., an | MCDT, the overl ap-add, and
the TPNP are only carried out on the five full-bandw dth channels, so that
t he i nverwe 2oriangdedr m and wi ndowi ng/ over | ap- add porti on®Carns2@asneisesl out
wi th roughly 16% reduction of the conputational resources required for all
5.1 channels. In the flowhart of FIG 8, in the common processing |ogic
section 731, one feature of sonme enbodi nents includes that the processing

in the | oopft @hdiNGowhdiRing! ST %%pr@&mgwfongh nQer83dans g ahic! udi ng t he
increnent to next channel elenent 835 is carried out for all channels

except the VigdewAvelapadd arpretivantne pay idypified naprpemgbytinaehanell y for a bl ock
that is FD downm xed. 10] Wile in sone enbodinents, the LFE is a
non- cont M0Q211] ndoctrampdd, in ACE. andiFsAfict thercirudtedini candiensdowhivhxied out put

channel s, a%%ﬁjg&toﬁc%m% a]nH/or e%erﬁ&dchgldﬁparg hot IE'CII?C{G IE)%I? gﬁ\ggrh{:g@ &?t a channel

ot her than SO Or Instea annePUtand IS not
i ncl uded i mmmmwhmammmiommaqamlbfmesmyeneeadamdnmmn (018 endra)eled wivsepdm on | ncl ude

checklngfo such itions to.li nif ich an r. nnels, if
oy are noREBRPRIBERR s RN et Se SRR ekt PR PRI BAEA F n e
downm X, andkfinesthé bevmasdgofdidivg Manaichpaawaesxi ng, not perform ng
processing through inverse transformand w ndow overl ap-add operations for

any identodaier nRArGOMN dxhRplcl Btush MR el philRdrskie ¥ d@%@Mlfe: in AC 3 and
E-AC-3, there are certain conditions in which the surround channel s and/ or

the center HAHfHE! PHPCHr hewatetdddA e IHOvaOKFRS et reuinput Cchfthel s. These
condi ti,gns @5& o@l%\!vﬁlﬁ&l@ﬁré@mé&i AobAEHRUI L LI nfhf &ReRHRGRISEELam t aki ng

predefined val ues. The metadata, for exanple, may include information that

defi nes t hePafoWwA BPWIRAL P ﬁéwantﬁglahqt%ecr g, I@Bﬁaﬂ@tt@ﬂ@lﬂlﬂ[@@@@@]m@@he such
exanpl es of L%Rﬁ INIES b%y%é f&ﬁ@@rﬂﬁ%@[oén@ﬂoeAWt Ags shidgd Irfl)?fevél'cb&l?t r at i on

pur poses for the case o ownm Xl ng to stereo I n E-
types of dodmatesitniguimialep andiacdet Laitpwinonnd wixdevel ede dewted lnrqsurmt.xlﬂvd

encoded st oh§idub e no%“rr% ?’?C_{V"\%ﬂ( >fevr%f’?_f<%1ﬁ %%SAH %19{1‘%” r&hh%? Qcdh g{%%ﬁ atkPRO- Th €

downm xed ereo signa , O Exed to fono.

3-bit ULBRt mglmnlnnnnds mw(LtRE‘@ELOK@dkaVIdHNHEQﬂctNeM Qmamemlfbmaryamﬂl a 3 bi t LoRo

surround mxd dcode f d Ioro é%itélttﬁv driﬁ cat t he nom downm X

| evel of thé& 1§?J?Sraouondmc’:1ﬁ eﬁfneq Wit R P ed PR ?I%IX&EVF channel s

inalLtR, dﬂnoﬂemﬁacdmmomcmﬁm@eﬁﬂwmaﬂhy norﬂm‘d]&lomihnﬁ))f lebdbll‘d)ﬁﬂtjé c&.ﬂter i ndi cates a
downm x | e

and t m.x | evel codes
denot ed |tr$1g?ﬁeiyvg(}resmﬂt B)ctpr? gFé‘@g’flﬁ%C& nglsiipan H?ﬁf‘ eR]c})o %% evel of the

center respectively. A value of binary ‘111’ indicates a downmix level of 0, i.e., —codB.

20 [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),
Itrtsurmixlev="111", and lorosurmixlev="111". For these conditions, in some
embodiments, a decoder includes using the mix level metadata to identify that such

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

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

transform and windowing/overlap-add stages.
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channel with respect to the left and right channels in an LtRt and LoRo
downm x, respectively. A value of binary 1 indicates a dowm x | evel of O,
i.e., - OBO2POO@IBY There are conditions in which the secrasadiob#snel s are
not included in the downm xed out put channels. In E-AC-3 these conditions
are identified by nmetadata. These conditions include the cases where

surm xlev =10 (ACG3 only), ltrtsurm xlev=" 111", and | orosurm x| ev='

111" . FonodAgpe 1f el émmaneﬂ@tmmt@mw@&lﬁ@realof»i@@&ﬂ&ﬁmg REdrAEIE S USi ng
the m x Ievel netadata to identify that such netadata indicates the
surround cheRisal &epgidenin 4 onerigledthp ileptiyingdnglides idepifoing sthepeodessi ng t he
sur round chanehsintRRAHAR kR ANELSfinf SABSLANTLARo WhOAHEBALRYer | apadd
stages. Additionally, there are conditions in the center channel is
not i ncl udechannels ﬁen@@wmﬁfmnbm@m iseiseth Fredns, embd@memf thedndasure of t cmi x| e

1171° Qroc E angll ﬁgﬁﬁ) a
decoder i nc@%ég%lﬁ%ﬁmn&%&%%y’ “%leﬁ&;%%ﬁeﬁet a h%l%ﬂ? ge {nﬁegﬁ{é{ﬁ? atq fngﬁrg hSs

met adat a i nd¢ eabs It:‘haé Hemdeenfy@‘rgandedes nsmmmglthecﬂlﬁdeubelorﬁthemeadmmfn X, and
not processj h ntel.,Gh h i n form and
i ndows ngr ovaRERSoER Eer FIAN G O PR A ELER BB e 11 ng
of one or nou®dinomt, admnfwmr@gnnfeawm@bstﬁbmimgmhamts mt&mtemeleaﬂtmmﬁg ifone

cram 15, LIS 00 1 055 S 0100 AL R0, 2 PR, Eenel

channelis. Awnmashy @ mfst mnmﬁnﬂueanmw i ortl& 1l SRektain 1T l@n@rrotliotbinis,a t he
measur e of conten‘ﬁj s energy, while in another enbodi nent, the
nmeasure of WOHPBRPY ‘i‘ne s the absolute | evel. The identifying includes
conpar i n%the di fference of the neasure of content anmount between pairs of

channel s 19218l sdtlqalip| the skl by sglectad todhs ag Jaamiyl ROSsiblp WitheutamFglasingnt |

i denti fyi ng, RRE LY ardiRES indPMRe AORANIPE LA H6n Sﬂﬂ@ﬂgﬂla‘i il igddgsxiassertaining if
t he surround channel content anmount of a block is |ess than each front

channel conltiérmfylagrdumlelw ngn- Cp@tabutlr& tg gqdpeghhe ampyng hesingpujation redeired; o
ascertgin i §,{dfin g i uglg&?”&@"l IﬂtS’&ﬁIﬁ ¢ Gl Rk Bigs @é&ﬂg' [ 00215]

Ideally, the thres ect ed be as Tow as OSSI e Wt hout
i ntroduci ngprnmtlfLbeea@lfferealrqufbthcg @pillmtlons, Iwathdloywinei cx eﬂthmh@dim aghrtichler si gnal

in order t Oderrg‘ag{lg:%ppﬁcatlog n%})resx%lr}l%v\ﬁ' h?c%Bt%Ll% bgﬁnce% tvfe%n uahgsiucgfl d?)gzlnﬂl?x reduce the

anount of coO ronre mnim zi 0SS. In sone
enmbodi nent s(h1gﬂelftflesleﬂns) aﬂtrce)sm)tadsnaaccﬁnnﬂemm rdrhxdtm%ro@owhrftﬁmhehls) fdedodi ng

applicati onpém}mcl: apphczﬂ{%n(:ho' ce of threshold for a particular

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

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

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

dB. In one example, a threshold of 18dB is used. In such a case, the sum of the two
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decodi ng application representing an acceptabl e bal ance between quality of
downm x (hi gher thresholds) and conputational conplexity reduction (| ower

t hr eshol dap 2barioedse speci fic application. [00216] |n someTarsbadiordsas s of
the present invention, a channel is considered insignificant with respect
to anot her channel if its energy or absolute level is at |east 15 dB bel ow
that of the other channel. ldeally, a channel is insignificant relative to

anot her chamfgdeld thay BeSwiiehiyic 0B dPERIHE o8V @anic with (He@RsHer ROe10Fhiel ow
that of the other channel. [0021 7] Using a threshold for the difference

bet ween t womEhRHEIb i EpEtiRenses. Avaneild peitbeitee eitstiorabintn angthoBdB i s roughl y
equi val ent én%oﬁﬂﬁ{énpgtﬂljaﬁlto%&&QSH% ?hse@flnt\x/th?chsc'd@ R sun&r AOSR) dhfneral ues of

the two channels Is wthi of the level of the dom nant channe

That is, ifwighahdelB qith@emlof@edgnsaﬁmarmel ative to full scale) and channel
Bis at -31 dBFS, the sum of the absolute values of channel A and B will be
r oughl y 5{@023 91 BASsomx eraliyalirhents, SevdBl gwashdlés art haed, ¢.fhelIdBy €8dBohndtaiBnel A
[00218] If the audio is of relatively low quality, and for | ow cost

appl i cat i[mm I INdW@halehi RG Gy Iﬁ)nt(@n&@ﬁtﬁﬂgfdh@ﬁle%uaﬂésbﬂbddmefeﬂdé,lﬁﬁe

conpl exity, % threshol d coul d_be | ower than In one exanple, a

t hr eshol d oﬁo A8eEndd- (et theifentifipg npnscoai uil%chéﬁtfﬁl Bl BB HsRRE s may
be within abeuhidd @Buef foliifs | M@ fo@fact IR cehidnfalso ptdvilietiieriigharg | evel .

This may be audible in certain cases, but should not be too objectionabl e.
I'n anot her '@eHBdtR featting Herdepaniongiharis 15blgdor e [derieying Af it HERBE-t he sum

of the jpwo chamighSchagndd. BBIMBREQ- QQQAQ‘C(ISW@(J e%es.7pfhdtMprdampgnt channel .
[00219] In sone enbodi nents, several thresholds are used, e.g., 15dB, 18dB,

and 25dB. [@ﬁ?@@@ 1481063) areeepakilg <Pférailtl@ﬁtfigf\’§hahkj r@fetﬁectt@@whwdﬁg aghannel s is
descri bed h‘:ﬁ'i V5 CB&PCI’A&? ’%o%%nl%o&igleﬁts ok H]% 1ﬁ\gﬁtn(§ﬂ tfoy He{}gcrl]i'n% %uéht o such

non- contrlbutlng channel eature of the 1nvention Is not I
formats. O foenat enerilis soetficaent exampiust a stbreo opmona dgnal frbwrardal.ionlefe. g. |

net adata reggl di t n ing of one
or nore noﬁg%h ﬂ Hf?%égg 5ﬁ%§$»ﬂf§g?ﬁ<k§%%fﬁﬂiﬁﬁ %ﬂg%Pﬁﬁ%g%%%%%X7) and
MPEG- 4 1Audi d:ete(nlnﬁ@é hdﬁ@ttﬂ%d@@mﬂ)chamels aspaistewoh ttterfmnsmanmalsrtg cotsatictitee r ef err ed
to by the standard as &? %ﬁ f%gefnl & ge pbodlnents of
the inventi A%t S Aot ng"%{P(ﬁ%Sl 6 ARl JEMPHE SRRESY KT 40 construct a
stereo or nmRgablsiagading toeatheofINcAe sthndards, deefof whicand @rA vaRiegdfto, reduétf tn Sur r ound,

Curround cRAHETALF TRy EA A Frcl e P B AR BTE VB GOrA Y Getodhe
or MPEG-4 Audio decoder embodiments of the invention include generating a stereo or
20 mono downmix from a 3/2 signal using the mixdown coefficients signalled in the
bitstream, and further include identifying a non-contributing channel by a matrix-
mixdown coefficient of 0, in which case, the inverse transforming and

windowing/overlap-add processing is not carried out.

[00221] FIG. 12 shows a simplified block diagram of one embodiment of a processing

25 system 1200 that includes at least one processor 1203. In this example, one x86 processor
whose instruction set includes SSE vector instructions is shown. Also shown in simplified
block form is a bus subsystem 1205 by which the various components of the processing
system are coupled. The processing system includes a storage subsystem 1211 coupled to
the processor(s), e.g., via the bus subsystem 1205, the storage subsystem 1211 having one

30 or more storage devices, including at least a memory and in some embodiments, one or
more other storage devices, such as magnetic and/or optical storage components. Some

embodiments also include at least one network interface 1207, and an audio input/output
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stereo or nono output. Four possible values of the matri x-m xdown
coefficient are possible according to each of these standards, one of which
is 0. A wibuenai2®7results in the surround channel s not Po@iusgotiieisazsied in

t he downm x. Sone MPEG 2 AAC decoder or MPEG 4 Audi o decoder enbodi ments of
the invention include generating a stereo or nono downm x froma 3/2 signal
using the m xdown coefficients signalled in the bitstream and further

i ncl ude i deibiyk¥hne0a HAPOMCGRAHE POMLdaBthnd RBANRIuIEYor@ oFBlofd PATX@QWRvert
coefficient of O, in which case, the inverse transform ng and

wi ndowi ng/ dePEilage clseic agaPiRgNS 167 ABring At Pelgudpeakesppoanhonss Gther2 shows
a sinplifi eéielﬁén%haﬁélég&qmlﬁ’cfed%'ﬁle%Fé%le g%%terf?fané WRLRART /PG tﬁééébfvm 1200

that includes at | east one processor 120 In this exanpl e, one x86
processor wdbia thawst, padthpiowe rasshowrcinddie s | 298Ethy sdeof simpbtiuct i ons is shown.
Al so shown in sinplified block formis a bus subsystem 1205 by which the
var i ous 5¢e0gaeheniths sofagt kebspstac é3kli ingudsy msemtwnellzldupdtexdhen $teeutpd 0aBs Si ng

system i ncl udes .a st orage bsystem 12 0 he S s), e.g.,
oo the buseiB S DaR: S0s W RERES e 261 DB A R HRERE Tt 5 o
st orage devmcleses N. me}hamdetmgf aatodeg@asdio aatﬁm@,rELAa)iﬂjdatMtﬁOﬁEd@ﬂb@wuﬂﬁnt S, one
or nore oth Qr h as n C al storage
comonent s. s B b e SfeaR ARt callouRee REL LMo TH:  ace

1207, and am<NUHbrQodafRUnbRH LEUASWHREHMS ol 281 hbabr a0t @e arpitioR@hdat a and
that includes one or nmore DACs to convert the PCM data to el ectric
wavef or'fts f%r11%Wﬁnﬁamﬁe@€?d1@FntF Mﬁ%k%‘}sslzblr afé@f“ﬁ‘ﬂ@i‘?@énm@%&“ el enent s

may al so beom&qhﬁﬂﬁdoﬂsmotmeso%%ﬁﬁqls&gosﬁéaﬁ%reaﬁ@ud/é@% geb@rGtear to those
of skill in the art, and that are not shown in FIG 12 for the sake of

si npl i ci t y. suppoeppTherpabogimgns grovaripdydes din fobawing ﬁ)@ﬂﬂlﬁ%@ insyyetned?ldpas 1213

that when execuL&M: mﬂdﬁl&ea@lnﬁ%ﬁéén[‘ﬂarﬁé’ §4 @MnnEals&ict PBIRE PERSRNT System to
carry out decoding of audio data that includes N n channels of encoded

audi o dat a, ingludps a frnpendllegedeanedylef 138 hpeibe bags¢nd defiode wadwe it ai ncl udes M m
channel;g of 4 Wg gtefﬁn%ucﬁwder M &ulgggzgrtfl%rl lgﬁ Eg%ﬁt e"ﬁ? A0 MoshiRg23 My For

today' s kno formats, ut the invention is
not so |i metlms‘tk ehmdmd@nedrb@tﬂﬁemfr&ne tnlfrematn@tanatytm oduldof 1 are partitioned

i nto nodul e herlszﬁlt{ u%tnleggc%te Qtiuﬁ n%ef?)sw”l?nf&n ?ﬁgﬁ 5:a| ly are
es

i ncl uded i n%%tﬂle ora e su own 1 nc t he
fol |l ow ng nﬁn]ahtlz&a;frbm eadsﬂra"mmtbucdmafyjlﬁélﬂramemddmnmdmtas ambolpesideale | ndependent

franme 5.1 c decoder g ecode
nodul e 123 1%&3‘}2}3 eg frslg‘lgskto @R%m% %ﬁgr:ll't Lcha(:é) iré% ea}nseiantlatlonsqagl orn&3g]
20 and a channel mapper module of instructions 1227 that when executed and in the case
N>5 cause combining the decoded data from respective back-end decode modules to form

the N.n channels of decoded data.

[00223] Alternate processing system embodiments may include one or more processors
coupled by at least one network link, i.e., be distributed. That is, one or more of the
25 modules may be in other processing systems coupled to a main processing system by a
network link. Such alternate embodiments would be clear to one of ordinary skill in the
art. Thus, in some embodiments, the system comprises one or more subsystems that are

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

[00224] Thus, the processing system of FIG. 12 forms an embodiment of an apparatus for
30 processing audio data that includes N.n channels of encoded audio data to form decoded
audio data that includes M.m channels of decoded audio, M>1, in the case of

downmixing, M<N, and for upmixing, M>N. While for today’s standards, n=0 or 1 and

48



dependent franme decoder nodul e 1225 that includes a front-end decode nodul e
1235 and a back-end decode nodul e 1237, a frane information anal yze nodul e
of 1 nstruw0i20n$101921 t hat when executed causes unpacki ngCBuS2@i /023533
Information (BSI) field data fromeach frane to identify the frames and
frame types and to provide the identified frames to appropriate front-end
decoder nodule instantiations 1231 or 1235, and a channel nmapper nodul e of

instructi ong=3321 otRAEmMIBReRXAE PéLB1aME: Aﬁgaﬁaﬂﬁ ifeARIBs {R&raLRHGRnHOMDI Ni ng
t he decoded data fromrespective back-end decode nodules to formthe N n

channel s of clgfaigggreaset Auncliomdly 35 mapnsdpnratrsing Pecelgastiog- By 3 t@stiangbodi nent s
may i ncl ude, gRg RrmdBf & RGBT i QUPl ﬁgcégé{n@ nLnﬁiﬁSEac%%cH@éMk I nk,

i.e., be dlstrlbuted That 1's, one or nore of tThe nodules may be in ot her
processi ng @y}s'peearﬂmar@wpﬁlememtoea tpadinl purpeeekaiwge. gy spervetngayenwet k | i nk.

Such al Ler nlﬂ&lﬁde% m%%%gigaltdﬁlen\r’]@gﬂ iq%lﬁ(?es ?Asﬁrﬁétlotng) thgpvghe%fexggugédrl%y oétlﬁlé | in the

art. Thus, in sone tem conprises one or’ nore subsystens
that are ne@MmheHle\ﬂpaaratumeﬁlWﬁ?r k2 iniclrmlelf;s m@ohf@am};@tgeh@ il dedhi thet at | east

one pr ocesslg de[s(f\%}l Aels[%%@de@guf% GEERLAG R a%t gaqtd?fgtlﬁét%d %%l L dﬁmo‘ an

enbodi ment 'Of - an ap processi ng au es N.n
channel s ofA@ﬁhmdmgn&ﬂwﬂanﬂanamkqxheﬁhmﬂmmmdﬁdoaugmmmdaﬂmt@nmﬂmmmcludes Mm
channel s of decoded audi o the and, f or
ot ng, CMERSIOGRTE LroR prstiagred Bpain  GE Rt oF ST i S Ehind Bt oy
enbodi nent spaakiag pegEhdl @malihepappaial tsntisaclatdes] avieg ald fadkiag i onal
ctignally as neans for carryin o t f nction. By a

el ements expressed. fun

functi onal ?%%%%?thlﬂgﬁ AT PUREA LR[S 2RGPRES? 8ssi ng
functi on. iBn A6 heleligMBehdNBK1RE (@ rhdid eloglagf&éusmge g , Speci al
pur pose hardware, or a processing systemthat includes a storage nedi um

that i ncligges 'ﬁ%krg&ﬁhQHﬁdﬁ@éEmﬁﬁﬂﬁr&%@&Hgﬁ%a&%b&ﬁa&ﬂ%d&@e function. The
apparatus of i ncludes neans for accepting the audio data that

i ncl udes [@&g@]anqg (ﬁne éml?o%?xﬁglgs,dth@}ﬂgﬁn% fglq}e@ocﬁrgéﬁglg&i sQ%(eag‘snfo? nlﬁ)% %thgl et hod,

e.g., 3°Co I'n nore ner a er ne
nethod15haUna@mm¢MEMB%msﬁmstphngng®fmgoangdmémhampﬁdmnmmnakmmnnhﬂchannels
of digital

and donmi n _exponent and
mant | Ssa aata e B AG R Ba PR SR A B R R TR T Sl ency
domai n ex podeemiedeumiayl ﬂmrﬁaﬁﬁ eqﬁ)hént ahdlelamstsaadiaaat, aneca fooinaérbeytrinslmitti ng
nmet adat a rel ed to trans pre-noi se pro eSS|n JOOZ%iJ The ap arat us
i udes. e GeqHsP gt g iAot e i o Ao el operifiof
determine sampled audio data; means for applying any required transient pre-noise
20 processing decoding according to the metadata related to transient pre-noise processing;
and means for TD downmixing according to downmixing data. The means for TD
downmixing, in the case M<N, downmixes according to 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] Some embodiments include means for ascertaining for a block whether TD
downmixing or 'D downmixing is used, and means for FD downmixing that is activated
if the means for ascertaining for a block whether TD downmixing or FD downmixing is

30 used ascertains FD downmixing, including means for TD to FD downmix transition
processing. Such embodiments also include means for FD to TD downmix transition

processing. The operation of these elements is as described herein.
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[ 00226] I n sone enbodi nents the nmeans for decoding includes neans for
unpacki ng the netadata and neans for unpacki ng and for decodi ng the
frequencywoanaim2eiponent and nanti ssa data, neans for @erarsadmnionsys3
transform coefficients fromthe unpacked and decoded frequency domain
exponent and mantissa data; nmeans for inverse transform ng the frequency
domai n data; neans for applying wi ndowi ng and overl ap-add operations to
det er m ngog228P! af s@dé b dahehis, m%@pﬁariteg indR@shdafs AP Meh@Ytk bRdot ha@si ent
pre-noi se processing decoding according to the nmetadata related to

transi ent pﬁ@-%@if@étlftﬁ%@@§|9%&1e MR dNDvEEIENTH A NTCABURHYING ChRgneldeBedi ng t o
downni xi g Gk nkNTRALS Bl KRnd RIATHXiE: Tl lobliSiu A8 iy dpinnmi xes
according to downm xi ng data, 1ncluding in sone enbodi nent, testing whether
t he downni xinngsedeansfopniag dt@ér@ge@wff ﬂ@rmlpudet\alamh@hypmglegifmmmwﬁ@ gieha, and,
| f Changed,asa@wpyar%g%ﬁfahoaﬁa ShAfll g of BoASKALTLOECLOS Aol ACG AT X ng. data

and downm xi ng accor e cross-fa dOMﬂﬁleng ata, and

unchange I o ﬁlXIn ccording to.t ng dat a 00227]
Sore. oundirBh e anYori YRRt B SRl B R R S S ek R Reer T
downmi xi ng 1Q§tr1£{ﬂ)1dﬁmmw¢srmwrﬁlng|§@gﬂﬁ isndctopangtplodatkrEx edwn(SSMg that is
activated if the nmeans for ascertaining for a bl ock whether TD downm Xi ng
or FD downnfiRIPHGE SOUY R URE LB+ fiorfacs HSW‘% IRd" RHEIBd Ry “tans for TD
to FD downninyrdctigiiintat RAst BhOCRBSbitdhr niMEBAITRREKoreNt s al so i ncl ude nmeans
for FD to TD downm x transition processing. The operation of these el enents
is as QQﬁﬁﬁBBFdzh%h%hﬂmbgﬁ%gﬁkohﬁyﬁﬁﬂ%n%ﬁﬁ@ﬁﬁ@ﬁ@&%ep%&ﬁﬂ@@@ﬁ&éﬁ?& |ncludes
means for i1dentifying one or nore non-contributing channels of

i nput channa@le®r mgraiphedengntungy begpleaienier bp birdyai denagsnehilg ¢ihgrs H’GES not
contribute lSequn:ﬁafeMeH‘oﬁ; Bg&ﬁﬁ] Sin x36 ro@&@&f %&%aﬁ&%ﬁﬁ 08L1a% ?"st"ré{ iRikwiver se
transformng t requency gnaln ata and the app yi ng ur t her processi ng
such as TPNP thyise gubledigpheadd on t he one or nore identified non-contributing
channel s. [00229] In sonme enbodi nents, the apparatus includes at |east one
x86 pr ocqgena3n] wins@nd aishadiradntsost twpphmmls,uhtememts lf@a]nmmglgshagdee ohdia@t ruct i on
nultlple data exten g %ﬁg%& |sin vect or StrLl%é e means
for dowrnm xHg A0 %é EVAN H‘élg\? PUOTIEE F‘ﬁ?:‘ﬁ%r s?‘%ﬁ“ ec? 8ne of the
one or nor emHe fRIFRaessalkesedijdiadads th henp adr@npRRiAL atetmasdataomumse shown in
FIG 12 also are possible. For exanp one or nmore of the elenents may be
i mpl ement edmff";}lsﬁ%PBWéF’é‘g&%@/f%Q%COdWﬂ|tWeJr%Pﬁ§V§OWﬁ1§ SRROTERANE FAAT S g
operating ameXBnPloR6LEESAM deHdbly iNAided tHeandMIW hdelfnifid forl Gk amv@ed

TD downmixing or FD downmixing is used, the means for FD downmixing that includes

20 the means for TD to FD downmix transition processing, the means for FD to TD
downmix transition processing, the means for determining transform coefficients from the
unpacked and decoded frequency domain exponent and mantissa data; for inverse
transforming the frequency domain data; for applying windowing and overlap-add
operations to determine sampled audio data; for applying any required transient pre-noise

25 processing decoding according to the metadata related to 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 from previously
used downmixing data, and, if changed, applying cross-fading to determine cross-faded

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

unchanged, downmixing according to the downmixing data.
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to those skilled in the art. [00231] In sonme enbodi nents of the apparatus,
the nmeans for decoding includes one or nore neans for front-end decodi ng
and one owormorigoassans for back-end decodi ng. The means Por/UScanio2zasl
decodi ng i ncludes the neans for unpacking the netadata and the neans for
unpacki ng and for decoding the frequency domai n exponent and manti ssa data.
The neans for back-end decodi ng includes the neans for ascertaining for a
bl ock whegd»ap) TRoHpMRkxE ROAOR dafd AW 5 chahndis 8Fcodbd @RS fopr FD
domnn1X|ng that includes the means for TD to FD downnmix transition

processi ng, deepdingrghidesiralippinsgnae ofibmriass for Epriicpsl deroginededslithy, the neans
for determ fipg f&rrbﬁ&éérﬁrd&&ﬂr%f I fa 30 il oM PP 1rHIRAG Ko dndlp e
frequency donmain exponent and nentiSsa data; for inverse transformng the

f requency d@fms fprdpa«tka?ndfcmodaggﬁbquﬁgdm ﬁ)d@wen‘gldamdra@v@f baf» abchaspds.ati ons to
et o i 82, SISl Bk el ine BRRL LN A SHLE SR ALATRI RRL pre-nol se
processi ng eco I ng accor ata re d to transient

pr e- noi se pleocEBSIIRGT namlddpomdeni freenad ofreatn dhe wpprirathsvdsceioduded inregnst for
downm xi ng d P n the c VK i Xes
accor di ng to%%g}( Wr%‘rl‘? ?Streamdln rr%flon tﬁjeg%vr {]{M%lﬁ&mf thetfra%% %Sd rrﬁesl}lj,/peggl}lsl\@ {gng

whet her thqxdmmnmbmkngﬁdbﬁaman@m@ham@edmﬁnomﬁbmevmbmxb@ngaamnﬂmmnuﬂxing

data, and, if chan e Cros fadln t.o det e cross-f

Gownii xi g SEE SRS desoi sl B EBRE H 5% forile ErREL i R g
data, aod idhanmethadgeded damnni xi ng according to the downm xi ng data.[00232]
For processing E-AC-3 data of nore than 5.1 channels of coded data, neans

for decoqpgpasj naNdud@a: Wkleti-RICE3 AdaTiRR 68fnLhethb® JIBANSvel1R-add @stotnd
decodi ng and of the neans for back-end decoding, including a first neans

for front-eHd ke dvicry tapdoraing. pstudpinfowingrang grqlagridd desdifinhdt ¥ or  decodi ng

the 'ndepeWQ%G%mﬁﬁ@&Er@ﬁn&&whﬂﬂén&uﬁ@&%&%k%hﬂ%pé%ﬁ%ﬁgnﬁﬁﬁ9§mﬁﬂhxfront end
decodi ng and a second neans for back-end decodi ng for decoding one or nore

dependent fingresraghiogaing andiveherppenceringscan resovdr Hgleydeginremplss #ghowinpacki ng
Bit Strigam 41@519% Eﬂg& elfe ?%: ghdedl?%u%ﬁ’ls n%Ff‘ﬁﬂté&’totoK)&lai;ra%H%%n&& s {@Me types

and to provi ranes to appropriate neans o ¥ront - end
decodi ng, awhbnmmnémn@bnmrm tragsmhmngi&cwct/ daagn datomdreegpegbitve neans

that w1 o ERE B eI B o G RS B S B e BRI L

er CcO S use an overla ransform
and in the imwinsdetstahdhion genregl, thcfse Iopdeuom giohw srtrgedaasd‘lrwvm lrapfaohthg
operations, thé: %recllusency domain data and applying further processing to determine sampled audio

20 data.”

[00234] Although the terms exponent and mantissa are used throughout the description
because these are the terms used in AC-3 andE-AC-3, other coding formats may use other
terms, e.g., scale factors and spectral coefficients in the case of HE-AAC, and the use of
the terms exponent and mantissa does not limit the scope of the invention to formats

25 which use the terms exponent and mantissa.

[00235] Unless specifically stated otherwise, as apparent from the following description, it
is appreciated that throughout the specification discussions utilizing terms such as

LT

“processing,” “computing,

LT LAY

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

30 system, a processing system, or similar electronic computing device, that manipulate
and/or transform data represented as physical, such as electronic, quantities into other

data similarly represented as physical quantities.
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known that other forns of transforns are possible that operate in a manner
such that inverse transform ng and further processing can recover tine
dormai n sawpl2esl/me46hout al i asing errors. Therefore, the POYAISR#10/023533 not
limted to overl ap-add transforns, and whenever is nentioned inverse
transform ng frequency domain data and carrying out w ndowed-over| ap-add
operation to determne tine domain sanples, those skilled in the art wll
under st angb23Bpt 1h B s@EREHBhner AES AN gﬂ@&@gdfomy 8 (Dfhydedc86r @ttiod dTver se
transform t he frequenc dorral n data and applying further processing to
determi ne s%fmpéldlt Bigagsers giraonic flgp 234]Ton) BB EHNRE MEBPTYEC ERPETEN Atand
mentissa arg.sed dhln oy ameMled BRic A8RGEA RLd A RRCANSFINtNESGs Bifort he terms
used in AC-3 andE-AC-3, other coding formats ‘may use other terns, e.g.,
scal e fact onememidA Spreedspiag systsaf far Cemmuuer] o 4 fyempaige mfchiHE: AXC, and t he use
of the Lerm, GyRaNeRki AR IRHSS Bndl35Rol Blockdgit the scope of the

rmat's Ic

i nvention to se the terns exponent and mantissa. [00235]

Unl ess s i.Lically.stated otherw.se, a rent fr the foll ow ng

doscr pe Hsr] ¢ e N R SRR e Tl Pl i) o

di scussi onsstepls] o ctildiag o€ surh ekuehis ASg. . pe ¢l uhleSsopeqifidalln gated.
“calculating,” "determning," "generating” or the like, refer to the action
and/ or  preu2esp €9n MmBeMHINE L a 8bBPRALreaddbB siorde GRURME 8 Lofguf@a | NY
system a processing system or simlar electronic conmputing device, that
mani pul at e @hdf GRCOIFWLEGramsPaT AN Y &S d1E BRCRECHRYEDCAC O BiYEN as

el ectrqgi C, pGHAR% dla§Rode ik s?&t&%rsu&%%& iR didal Yrob&RLEAENLEH s@syRBySi cal
quantltles.iOQZSG In a simlar manner, the Term "processor” may refer to
any device 6itipdudeh arleast ong Riedgbsorclement apd pelemsesibaystt. carE cargaraoULe. g.

f rom regi st gt A QkibBPAREN, XSe HHARTACIMABh ol ECLEAN € ydRUfa NT O Ot her

el ectronic data that, e.g., nay be stored I'n registers and/or nenory. A

" pr ocessi ngingystiensiaragonfiguagp othen txagnted, O carypent  prypcerachiheeld hgrunderstoeshput i ng
pl at f or nf I.n . o IS 00 when a
method is rrg%tcdrniS Eg’g& ﬁ Wg{&? 5 1?1%?%%%’ \glée\?lgggﬁ%?egl Cearl%éen?né %Henogéo érg%etég\}%ﬁtgl steps, no
ordering ofoswetsueh tiwenbasdwae gpparasdseps., ths praapdsingdystambeses apdei fical |y
stated. [00238] In sone enbodi nents, a conputer-readable storage nediumis

configured WYR e.g., is encoded with, e.g., stores instructions that when
executed by one or nore processqrs of a processing system such as a digital
si gnal pﬁ%‘iz@g]si ﬁlg‘e&&?\t}f}oééloélres gfiib%tifglhéli"‘r’rnt%‘gtm TR ng%ﬁ’tst #lePphrocessor

el ement  andom o8 hdFAHBceSINRSHSLa88pt BalSRsERIIEN dAEbdedbn 8ne or more computer-

readable media. When executed by one or more of the processors, the instructions cause

20 carrying out at least one of the methods described herein. Any processor capable of
executing a set of instructions (sequential or otherwise) that specify actions to be taken is
included. Thus, one example is a typical processing system that includes one or more
processors. Fach processor may include one or more of a CPU or similar element, a
graphics processing unit (GPU), and/or a programmable DSP unit. The processing system

25 further includes a storage subsystem with at least one storage medium, which may include
memory embedded in a semiconductor device, or a separate memory subsystem including
main RAM and/or a static RAM, and/or ROM, and also cache memory. The storage
subsystem may further include one or more other storage devices, such as magnetic
and/or optical and/or further solid state storage devices. A bus subsystem may be included

30 for communicating between the components. The processing system further may be a
distributed processing system with processors coupled by a network, e.g., via network

interface devices or wireless network interface devices. If the processing system requires
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met hod as described herein. Note that in the description above, when it is
stated that instructions are configured, when executed, to carry out a
process, WO2howbk®7be understood that this nmeans that tIR€TIUSSMINOISBONS,
when execut ed, cause one or nore processors to operate such that a hardware
apparatus, e.g., the processing systemcarries out the process. [00239] The
nmet hodol ogi es descri bed herein are, in sone enbodi nents, perfornmable by one

Or nore procags W%&Qﬁspﬁ%tbellﬁg&&d d NSE RS drpAf d8p ?@E@Dp@rgaﬁl% or nore

conput erreadabl e nmedi a en executed by one or nore of the processors, the

i nstruct i onéehe ey (RGEBor dcathedesy M@<%Tk%@lmifwa§aldié@@ﬁ%ed
herei n. Any;s RIAGEE SR pr&RRAR! G50 a8 Gtk High ﬁp&%w@é sch'§§ SRS hRRSof an

(sequenti al or othermnse) that specify actions to taken i s included.
Thus, one eXph#piwericsinputupihpushias pkebestdi fngn@tygtcemrqllqlawcq feh atiewoee or nore

process@rs., ffag rle ‘i’ﬁeeéﬁf?@toﬁgé( dév”c%' H?é&ﬁh%s OIE ﬁel% EthP Qu&Elh@e | ar

el enent, a graphics processi ogranna SP uni t .
The pr ocessif nigardysn danchniesttland unlm Iemi@slyest%ttdmﬂaagmss wbwy:st@mawes h at | east

one stor age Stor gel sgr g Vé’lqcl:hcas ar@s\f(cf uﬁl eThe H)%rs\élalg 6s?eqﬁilendso%3% atl%gndUCt or

device, or as e nenory su sys and/ or a static
RAM and/orn&{h&hémﬂymheompmﬂhacammmaymm@hengﬁmma@@csubsysten1nay further
include one or nore other storage devices, such as magnetic and/or optical

and/ or fyod2aer SOkis@rapt abiRySm (Agenclavd ac&ﬁnpu&rmaaa@@bﬁmamaﬁamgay be incl uded
for conmmuni cati ng between the conponents. The processjing system further may
be a d|Qtr|%ﬂ?@ﬂ“bWB%é@%ﬁﬁ&x§9§@@h@ﬁ??ﬁmﬁﬁébé§§6ﬁ§ éBﬁﬁP@&wa & net wor k,

e. 9., Via ngtWddkoy ot SF hdfpre@Ydose Saulés dﬁh«yﬁlg 88on0 8F MPfckof iRt R hRCLpdevi ces.
If the proceSS| system requi resa display, such a display may be incl uded,

e.g., a liqgld b@g Yereig) Thyi sofvase nayeeyide larﬂg?alwr%dlﬁli ghmaese ©8ig di spl ay
(OLED), or @ueaddiodeaciay: ﬂaﬂﬁﬁy,(&%[ﬂ e 'n?e?ﬂo%y suchhs mwﬁld/&l@&lfﬂlrﬁﬁ& ry is

reqU| red t he prOCGSSI ng syst em al so i ncl udes an |nput devi ce such as one
or nore of memeyly premmelie temraagsar dwimgexenyton dhsreal ivehheranpitter system.nihiuhg

contr olysdevi, 6 fULMLnA%h r{)"&k's%‘?tha?lﬂgluéé% nﬁegﬂchgalsJ Eb‘?lsﬂt {ecl egﬁ)t'é?ﬁgda%ﬁzv' e,

storage subsysten1 or uni't as use rein, om t he cont ext
and unlesslewbmnonthhghaﬂ@dkﬁnmﬂnWMm@, al so enconpasses a storage system
such as a disk drive unit. The processing systemin sone configurations may
i ncl ude gocxaund Pﬁlbtheﬁmordjevd)rﬁp;teraﬁdiamem&immf hay fir@rnfcaspudepbgem [ 00240] The
st orage subs ten1£hus i.ncl udes a conputer-readable nmediumthat is

RS O

confi gured Gncludofig 4 &R P PHEAR PP Fons, e.g., logic, e.g.,

sof tware t hat when , ,
[00242] In alternative embodiments, the one or more processors operate as a standalone

20 device or may be connected, e.g., networked to other processor(s), in a networked
deployment, the one or more processors may operate in the capacity of a server or a client
machine in server-client network environment, or as a peer machine in a peer-to-peer or
distributed network environment. The term processing system encompasses all such
possibilities, unless explicitly excluded herein. The one or more processors may form a

25 personal computer (PC), a media playback device, a tablet PC, a set-top box (STB), a
Personal Digital Assistant (PDA), a game machine, a cellular telephone, a Web appliance,
a network router, switch or bridge, or any machine capable of executing a set of

instructions (sequential or otherwise) that specify actions to be taken by that machine.

[00243] Note that while some diagram(s) only show(s) a single processor and a single
30 storage subsystem, e.g., a single memory that stores the logic including instructions, those
skilled in the art will understand that many of the components described above are

included, but not explicitly shown or described in order not to obscure the inventive
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executed by one or nore processors, causes carrying out one or nore of the
nmet hod steps descri bed herein. The software may reside in the hard disk, or
may al so we=ndeL02wonpl etely or at |least partially, w thiPaTiUSe0Im®PISBY Ssuch
as RAM and/or within the nenory internal to the processor during execution
t hereof by the conputer system Thus, the nenory and the processor that

i ncl udes nenory al so constitute conputer-readabl e mediumon which are
encoded i Nsfspdi€tHoP BampldQRAL odly EUmbRGEAIRME is iBut@BUhElenh eRAGERAL sHRdI UM may
forma conmputer program pr oduc%,, or be included in a conputer program
product . [ 0024Z|taken tqinelude gty cpllectinn gbimagtires that divishiallyer jpHE epicBledssor s
operate as @&k ﬂfﬁﬂﬂa‘lé’é&%) geMithRi s té‘Bé&fo@ﬁ a‘ﬁ%ﬁhe&tn%ge 0?th9meth'3§$l¥‘§l5§<ed to

ot her processor(s), In a networked depl oynent, the one or nobre processors
may oper at edipoyssefhbereil@pacity of a server or a client nmachine in
server-client network environment, or as a peer machine in a peer-to-peer
or di st pi[0oéed ridbwonkebwdimanwéedch oflthe nteérods grsodied herin is isthefor@rdenpasses
all such possi bi.el i tidetﬁ uil ess ex licitly e .cltuded herein. The one or nore
processors FRYUGIHIE HRFUBRAF LD, u‘i’l&}a%l% IS 92 pt WA device, a
tabl et PC, mogei-thaphboxxeC@dBdn ok dPaisOpatesfirgietodlondssinsit dprice{sPioMat a gane
machi ne, a cellul ar tel ephone, a Web appliance, a network router, switch or
b dge. or Enguhacmits SRt Srepe SR b s OP rappliBETS A i
(sequent i al h@for@tdn@fevibge jiscl@huss Pegilfty apstdiassbi GoakiiRE anhbyrtt hat nachi ne.
[ 00243] Note that while sonme di apram(s only show(s) a single processor and
a singl'8 st%?@&gn%bg%%ﬁﬁemé?ﬁﬁ,m%mﬁ @%ﬁﬂ??mﬁﬂ]&’?’ ayappaaty psh | ogi c

i ncl udi ng |J§5atsbé£@atlg%§sq dppaa@s,kiapp8dud fcl e @id prvbdsdingdRhSioande that many
of the conponents described above are included, LE)ut not explicitly shown or
descri bed i|9mbodigdin permpuieroprsiable slofage Nediian o yeeaypEETeadrle steRghpl e, whil e

only a si nghg&s;faedhk RenbSieh Wit ShstraliRds, ethgﬁ,% dofper FRGM N GoragNAldiufl SO_be

taken to include any collection of machines that individually or jointly
execut e a senfigyed #pd onpuier grrg RFPduch dhe gemipwersreadsblo el spyfizored or nore

of the get h@@gé gegi()fai%stgj-ec:§8¢]§§ﬁfﬁgvh|3§5)€écﬂted hg9%4&]m0¥?%ce39&gﬁaﬁlg%&?§g}§nt of each

of the netho scri ereini1sint orm of “a conp abl e
medi um confougmeddd wicph Aacadinglyf aspevst of ot presest, ineengon may gdergwtiem graogr am t hat

when execut g, op 4 SitigO nTRSrRPOFRRA Bat ifte1dtes s@fl Rinc MRLFABRGERT2S BT S that
are part of a nedia dévice, cause carrylng out of nethod steps. Sone
enbodi nent swianreby afunb@orhbelemot istthent ogilendnt et farricklouss prasesyving funbiéon.
appr eci at edEata{ s&crt]loe eeme% }n|a3|/ géj a Betr}d\;[vebrg ef%ﬁlteht, e.g., special purpose hardware, or a
20 processing system that includes a storage medium that includes instructions that when
executed carry out the function. Aspects of the present invention may take the form of an
entirely software embodiment or an embodiment combining software and hardware
aspects. Furthermore, the present invention may take the form of program logic, e.g., in a
computer readable medium, e.g., a computer program on a computer-readable storage
25 medium, or the computer readable medium configured with computer-readable program
code, e.g., a computer program product. Note that in the case of special purpose
hardware, defining the function of the hardware is sufficient to enable one skilled in the
art to write a functional description that can be processed by programs that automatically

then determine hardware description for generating hardware to carry out the function.

30 Thus, the description herein is sufficient for defining such special purpose hardware.

[00245] While the computer readable medium is shown in an example embodiment to be a
single medium, the term "medium" should be taken to include a single medium or

multiple media (e.g., several memories, a centralized or distributed database, and/or
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enbodi nents of the present invention may be enbodied as a nethod, an

appar atus such as a special purpose apparatus, an apparatus such as a data
processi yoyHt®671 ogi ¢, e.g., enbodied in a conput er- Pead®I1G@/033563 age
medi um or a conputer-readable storage nmediumthat is encoded with
instructions, e.g., a conputer-readabl e storage nedium configured as a
conmput er program product. The conputer-readable mediumis configured with a

set of i nstyfuetdi@nachcdatd WRRR) MMEaHk @tk WY 0P RBrelkts M IRIrRBEE ASQhpuedUs e
carrying out nethod steps. Accordingly, aspects of the present invention

may take th&adablerrasfunamaptaipmanyiorantiiheling v peianied ooy HeHe mediat
i ncl udes Seéﬁ%rv%iaufelfﬂéa‘id Qo BliRIRA Sinc MBET B D% uhlél;%}ﬁtaf MgleiBlugRENt IS

meant an elenent that carries out a processing 1on. Each such el enent
may be a haindweagecteiopigahdiskse Vglatilegppsied in¢lughng dpessisic memdwapush apmam pr ocessi ng
system hatmglﬂ&{gndes a storage nediumthat includes instructions that when
executed carry out the function. Aspects of the present i nvention nay take

the form tirely software enb nmbi ni ng

sof tar o 0480 Al ot TGS B FERPHEREL of s B Sl AR R s B oyt ake
t he for m oflirpitcigo ang ﬂ)&@@iuﬂar nﬁplgmentatrbnaarpmgmnirmng et quad aadmlﬁdtmmnveﬁm@ a
conput er proi%ham 0 a ut er - r eadabl e Isltora % ‘?ﬁnLL %}Hl ut er
readabl e nedPUM BB e&tﬁ’ e L R S RV R R S e 8“0“8 a
conmput er pr@géra BERAUEIrtheNIre, ehfbdliniehtstaRenot BsRedbo aapp&tialladpur pose

hardwar e, defining the function of the hardware is sufficient to enable one

ski | | ed®i n RTAFamPYng [ANgHASS ¥ ORCR{REPFMal description that can be processed
by prograns that automatically then determ ne hardware description for
gener at i A@P244}k dikeicsence thrayahguidhis sperdichipade i'ony.cnthhdisient’tos “geaehodipdnsh her ei n

Is sufficieflyy, agﬁ{gt %E%héﬂlaﬂ%a’%&%ﬁ,@tﬁ&&%‘o@kha?&&&@ﬁ@dé@%ﬁig’?ﬂ Eonnt P07 42h (i | € the

conputer rea fumis shown in an exanple e nt to be a single
medi um t heenttexdmenprisdialwded ghasddagt dye embké@mentof ihpgiresdet isvesiiorgTeusredi um or

mul tiple ”ngB?argnecegof’thes VE r?‘J‘ln Eﬁé@lﬁﬁ Frher® && Jl“gé(ntaEL b%ﬁ b 19' Irigus %H&&d

dat abase, orassocil d caches an servers ore t e or nore
sets of15i nsthromglnquom spémﬁ@mtpm tuermot mdmrﬂg al]rmﬂa:mng tmye $aate@nrmmyneho bns,
i ncl udi ng but vol a

Non vol ati 1yl febePBTelRiiyin ot GuR0EtE B bETEI org

magnet o- opt in@ay sudiaslk $nanM€t] @twdukl Mpaentnc bmnjﬁs)rcdym sﬂnn skitletbimythe such as mai n

menory. g{% hB‘E \i\ll al so be undeqoﬁt ood that enbodi ments of the present
i nvention are"Hbt “PTM et 16 “ahygat W5P%r i npl ement ati on or progranmmi ng

t echni que and that the invention
[00248] Similarly it should be appreciated that in the above description of example

20 embodiments of the invention, various features of the invention are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed invention requires more features than are

25 expressly recited in each claim. Rather, as the following claims reflect, inventive aspects
lie in less than all features of a single foregoing disclosed embodiment. Thus, the claims
following the DESCRIPTION OF EXAMPLE EMBODIMENTS are hereby expressly
incorporated into this DESCRIPTION OF EXAMPLE EMBODIMENTS, with each

claim standing on its own as a separate embodiment of this invention.

30 [00249] Furthermore, while some embodiments described herein include some but not
other features included in other embodiments, combinations of features of different

embodiments are meant to be within the scope of the invention, and form different

55



may be inplenented using any appropriate techniques for inplenenting the
functionality described herein. Furthernore, enbodinents are not |imted to
any partiwolary/pewgr amm ng | anguage or operating syst empCrQB2ei7j023383 er ence
t hroughout this specification to "one enbodi ment” or "an enbodi nent” neans
that a particular feature, structure or characteristic described in
connection wth the enbodinent is included in at |east one enbodi nent of
the presentedBdvedntsOR wdlld¥Be uRIBRERAN BPaRSe Qlilddhs (RRKaBESxathple QR te€MOdi MENt ”
or "in an enbodi ment” in various places throughout this specification are
not necessaPilPyingclaimse et ofjthcliget ﬁ@b@caméntéﬁ@é%@i%%p 2AnpeAmBAHONFyr t her nor e,
the particular features, structures or characteristics may be conbined in
any sui t d#0280hardivehermas:, woud o thecrapdanaftare desomed difreor adiameatlyodski 1 | ski | | ed
in the art from t.hi ' osur i [. nor iren 00248]
Simlarly i{onﬁy@g&%%@é@%&rig inget&éoél q{laﬁg?n ]?enmﬁeﬁ gﬁeg?gqﬁg% ggrslglb?fi[aon of exanpl e
enbodi ment sconfputeh gysienvarityiother meansi of usrfieadw tleduaitioh.Highus, rvientessonwith e

somnet i mes ouped taogether i.n a single enbodinment, figure r . description
Chereof  orng Hecisab TRt o Butinf Ay T HESHREE aratpBo e B fRETT 1Pt he
under st andi meaneforemeying owrdiicem@hod hrelendhi @USméethmE Mtutwemas pacdleuent hi S et hod

of disclosure, . h ver, is not to be interprete s reflecting an intention
Chat the ol SFSHRES Ry fb APHAERFDSTRBRES PRSRIIE CHAHN S R | |

recited in waeahcedndieforrRalt ke elaSedt h@ thopdroskt Bfcaglydigt thetdvesdon. | nventi ve
aspects lie in less than all features of a single foregoing disclosed

enbodi ng %025Tﬁ Ugp tﬂehﬁs&i&)%r{"ﬁfo{/i@éd lﬁé‘ﬁéiﬁ',gluhﬁﬁ)u gﬁlc Iaya@_\hrgs:et FAAVPLE
EMBODI MENTS are hereby expressly incorporated into this DESCRI PTI ON OF

EXAVPLE ENVBE&DVVENTSS ungerskpod dleah ciabedimenis afribie mgenion imag bewppcheedavidiewar at e
enbodi ment @Bl srid JRS0h Ofer fOARA I MULLRE LR 8s, sthichSs SAMELAARATI ment s
descri bed hefﬁiﬁkﬁhc J@é some but not ot her eafh%ggﬁync?ﬁgedh? ot her
enbodi ment shave oetihieerathorndn ddtaif imatrder est to pbstifefas nadirstendngdif tendescipteonneant to
be within the scope of the invention, and formdifferentenbodi nents, as
woul d be [00232} st/padedberéihamiessdthérvisd sparifiddethange. of Haroréixargdjeetives n t he

foll ow ng clains, any of.the clainmed enbodi nents can, be used | n
conbi nderon 005 FbEheriol B thig GRTRE b oar honvis fal SEEEM peq
herei n as ainfeichoer 1k 0B hikaking Mefoiredb d@ntesSnod int@de®ionmglytthathecan be

i npl enented by a processor of a conputer systen1orzﬁ% ot her neans of

carryi ng outP§HeSOMaITEPTORUS PR s SXCIgeass GHheRiquporaly. spaitdly sigrgaking,
i nstructiong ifi @y SRdriynAg. out such a nethod or el enment of a method forms a

[00253] It should be appreciated that although the invention has been described in the
20 context of the E-AC-3 standard, the invention is not limited to such contexts and may be
utilized for decoding data encoded by other methods that use techniques that have some
similarity to E-AC-3. For example, embodiments of the invention are applicable also for
decoding coded audio that is backwards compatible with E-AC-3. Other embodiments are
applicable for decoding coded audio that is coded according to the HE-AAC standard,
25 and for decoding coded audio that is backwards compatible with HE-AAC. Other coded

streams can also be advantageously decoded using embodiments of the present invention.

[00254] All U.S. patents, U.S. patent applications, and International (PCT) patent
applications designating the United States cited herein are hereby incorporated by
reference. In the case the Patent Rules or Statutes do not permit incorporation by

30 reference of material that itself incorporates information by reference, the incorporation

by reference of the material herein excludes any information incorporated by reference in
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means for carrying out the nethod or elenent of a method. Furthernore, an
el ement described herein of an apparatus enbodi nent is an exanple of a
nmeans forwoanriyioegs7out the function perforned by the el ecenus2610/02358e

pur pose of carrying out the invention. [00251] In the description provided
herein, nunmerous specific details are set forth. However, it is understood
t hat enbodi nents of the invention may be practiced w thout these specific

details. |nyef ﬁl%rpbﬂﬁﬁ:ﬁ%?@&&end&helter&m%%smkﬂﬁf?&maﬁéﬂH%&;&lfcﬁﬁy and techni ques

have not been shown in detail in order not to obscure an understanding of
this descr|%W¥@Hm£?b@9%iwf¢§mﬂ%éd herein, unless otherwi se specified, the
use of the ordinal adjectives "first" second", "third", etc., to describe

a conmon [Qﬂﬂ5§bt Anystighssianrd poert et it lhas SmbiﬁftféioershOIildlisltr@rvwé)e@f)ndidek@ anbj ect s
are being rgf %sbo%%&t?uchgﬂl%r %&18&1%1({1‘&%{‘%6%5 kf%‘%%ﬂ){ H%%s fCE ects so

descri bed nist et |a ly, in
ranki ngs orgenerabimpwiddaein thafieldr . [ 00253] |t should be appreC|ated t hat
al t hough the invention has been described in the context of the E-AC 3

st andar d,[od256] | 1My eHatclais bfﬂoxﬂ@ﬁd tht AskB8ptidnheflk; AnCORtE MieSe@mBRGonplsike utilized
for decoding data encog}g ot her net hods that use techniques that have
some sim | afPRsedy cORisee S AmOPEN CERBBLMARS (e lugngah fastififent i on are

appl i cabl e @lSéhidRhurleaRdionew Rl ast Abidiiag bk, TishBC ewataspemahed! € Wi th
E- AC-3. O her enbodi nents are applicable for decoding coded audio that is

coded accor#rhi thoclpipe. thevldaet ke igisepaster asdisnefigtatacOdhingess aedenen o t hat

i's baCKWarQ§s&ﬁﬂﬁﬁ&i@&%Mﬂﬁﬁ%rH@nﬁﬁ?ﬂm@k&%&ﬁ9ﬁ4§ﬂm§&ﬁﬁﬁﬁ§w€@&n
advant ageousl y decoded usi ng enbodi ments of the present invention. [00254]

Al U.S. painddt should ngt bajgnigadito deyi¢as easisgng of epbelemenss Aand Bnany ¢RCY) pat ent
appl i cati ong, &gl 91 Rikiin Qr Mh%h H{&Leggor%ﬁhﬁcﬁmﬁé £s‘%f§eci1ﬁ‘err§h ik aﬁ‘sfo%n%gérﬁ*e}{n

i ncor porate Yy re ere case t Pat ent es or tutes do not
permit i ncohpoisatnicns lbyludleg etrleméleefemmts/éfraﬂad:s thitdiellowt bekdrmj i optpor at es

| nformati on, by, iy, foﬁq%%ﬂ’fg %hﬁdmg? YRAT ﬁ;[olu%)wgﬁ) nd Gt ity 1s?Jgnt he materi al

herein excludes ny 1n t1oncincorpora y referen such

i ncor por, y Jeference nmateri SS S |nfor t|on LS citly
| noor bar E7ha e T BF e 3“}*’63’?&%}“ SRR B S h Pl SHR £
this speci fictaé indspsleaus blemgwmﬁmatmayb (hiﬁecc:@mmodeﬁsadll}arrhacﬂﬂmsdoepnedi’hﬁm such
prior art is wdely knomn 6% ubljcly known, or f par t gf t he general

know edge |ﬁ°?ﬁ@m?1écﬁg“f “Vﬂ“?%@wﬁlﬁPﬁilﬁéW %ﬁﬂmﬁﬁ@o getihesst i on
herei n, anye@er®hottikiende® hFnERMRI bS8 other. Thus, the scope of the expression a

device A coupled to a device B should not be limited to devices or systems wherein an
20 output of device A is directly connected to an input of device B. It means that there exists
a path between an output of A and an input of B which may be a path including other
devices or means. “Coupled” may mean that two or more elements are either in direct
physical or electrical contact, or that two or more elements are not in direct contact with

each other but yet still co-operate or interact with each other.

25 [00258] 'Thus, while there has been described what are believed to be the preferred
embodiments of the invention, those skilled in the art will recognize that other and further
modifications may be made thereto without departing from the spirit of the invention, and
it is intended to claim all such changes and modifications as fall within the scope of the
invention. For example, any formulas given above are merely representative of

30 procedures that may be used. Functionality may be added or deleted from the block
diagrams and operations may be interchanged among functional elements. Steps may be

added or deleted to methods described within the scope of the present invention.
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conprised of or which conprises is an open termthat neans including at

| east the elenents/features that follow, but not excluding others. Thus,

t he ter mwornpriy®eesg, when used in the clainms, should noPChaseoteeisset ed as
being limtative to the means or elenents or steps listed thereafter. For
exanpl e, the scope of the expression a device conprising A and B shoul d not
be limted to devices consisting of only elenents A and B. Any one of the
ternms including or which includes or that includes as used herein is also
an open termthat al so nmeans includi B4AMSI east the el ements/features that
follow the term but not excluding others. Thus, including is synonynous
with and nmeWeslagbnpri sing. [00257] Sinilarly, it is to be noticed that the
term coupl ed, when used in the clains, should not be interpreted as being
limtative 1.d\ wethetof apentiegin on® dndder toldveodesudi® da@ohg iretlidessendodedonnect ed, ™
al ong w th thgfogksd%rl\!.r\llaﬁalnvﬁssbfa%% dgt% S o?gl'decl:(gdeggocl’f(l)? t:«?ﬁlay'n gglesst .Od t hat
these terns are no ht Bhded”ds synonyns for each o her Uss® Y he scope of
t he expseessi othaandevi deodddaadip) Md],inthengddyiumebeBofihe teduanoy effetd i mted to

devices or systensg wherein an output of device A js directly connected to
o' npat Cor * aEuRERs i ] GreadiulBiBE i B FE phimbs i B bRS ERS out put
of A and an i ofiahelofn the Webadd aay dag, @e pRibdd chaprikikigng ot her devi ces or

means. "Coupl ed" may nmean that two or nore elenents are either in direct

physi cal or ehgepddsGRd aRaCthat iRTudelBlockts¥? NOK cHIRAEs &1l BORIL Sudd BahOt 1N
direct contact with each other but yet still co-operate or interact with

each ot her. [ o248l bymieacodpg nethedy deenprlingyaethodiiagleding eansigianzdY-a2 bel i eved

to be the pre i : I O3, gl | L the art
W 1T eogn 2o e o R o er et o

wi t hout depar tidhgaftisgandatahendspirit of the invention, and it is intended to
claimall such changes and nodifications as fall within the scope of the
i nvention. Fodeceriapieaccepreg abidip nadaabe gécvding afebmmgare nerely representati ve
of procedures that may be used. Functionality may be added or del eted from

the bl ock di agr ansumpackipadati@ns thafteduendytolabhapard: aaengtisdaghi onal
el ements. Steps nmay be added or deleted to nethods described within the

scope of the preseplierniNR Rl R M€ roh@hdMnpiekeaEAILOEPfeq@REYy L I NG an
audi o decoder to decode audio data that includes encoded bl ocks of " N. n

channel'§ of audi o dunan ¢Ponur mdebidedlaudi o data that includes Mm
channel s of decoded audio, M>1, n being the nunber of |ow frequency effects
inverse transforming the frequency domain data and applying further

processing to determine sampled audio data; and

time domain downmixing at least some blocks of the determined sampled

audio data according to downmixing data for the case M<N,
20 wherein at least one of A, B, and C is true,

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

domain downmixing for the particular block,

25 B being that the time domain downmixing includes testing whether the downmixing
data are changed from previously used downmixing data, and, if changed, applying
cross-fading to determine cross-faded downmixing data and time domain downmixing
according to the cross-faded downmixing data, and if unchanged, directly time

domain downmixing according to the downmixing data, and
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channels in the encoded audi o data, and m being the nunber of |ow frequency
effects channels in the decoded audi o data, the nmethod conprising:
accept i ngwohetianeked dat a t hat includes bl ocks of N n chaomalsgoief2aazoded
audi o data encoded by an encodi ng net hod, the encodi ng nethod incl uding
transform ng N.n channels of digital audio data, and form ng and packing
frequency domai n exponent and manti ssa data; and decodi ng the accepted

audi o data, teedgeRdiHandinsel ildhddideHMRaL N0 or AK HecodtipdidREadntRqUENcy
domai n exponent and manti ssa data; detérmning transform coefficients from

the unpacked &hidc Hetiaaeghinmetjuetey oasiaine Erprshrne aritnpd i dacs ndlat a;
i nverse transtofiiidiolfemih %{Pdéhg&%n&' BIIRYNP nfldfod g@{kqloﬁ&%%u[‘ﬂwéfs'é t her

processing to determ ne sanp audi o data; an i me domai n downmi xi ng at

| east some bl gewsorpingthelremeegyrdonath dtapid seb applying fuuhes pepcessmdion ghet o
downmi xing dagﬁﬁ59&“%ﬂﬁﬁ%ﬂ%3MH%ghﬂ g{%hgg@ﬁlleast one of A, B, and Cis
e S

true, A being that t ecodi ng 1 ncl ude eterm ni ng bl ock by bl ock whet her

to apply fr enc omai n downm xing or tinme donmai n downm. xin nd if it
o dorer m radn gt DR PARTY Bl vidsBRy SFPR thhE R PR S xi ng,
appl yi ng fr equesaly octeonppad-tehavibiin, ant héein thdhr@rparprocessimrindhds kppldnpei ng t hat
the tinme domain downmi i&g ingludes.tes&k&g mheth%r tQF ownnmi xi ng data are
changed from BFEOMYEAR) OYS R 24O ARFHUIenh Y whTaine sapled fudgdihed,  appl yi ng
cross-fading to determ ne cross-faded downm xi ng data and tinme donain
downmi xi ng adésryiheg 2erdirgtociayy d-ar sie 2 duiessin tiesgeadieanethgddnslpdesnchanged,
directly timegdQimiAdJoWHE X8 AeaREM M fleQudhBEdFPMNERpSha aflPhgnis@ndC
bei ng that the nmethod includes ydenplfylng one ‘or nore non-contributing
channel s of t HeaNhayptagate ontieailyeheludipg merdatdrlatedyq tiaprient REgMese bei ng a
channel that gggéﬁﬂggmpqugkgﬁﬁ to the M mchannels, and that the nethod
does not carry out Tnverse transtormng the frequency domain data and the

applying fu H?er rocessi.ng aon the e qr re,identifi.ed non-contributing
channers. o e bl SRRy RIS Mg o R R A T anet or i ng 1

the encodin t hod uses an overl apped-trapsfo nd wherejn the further
processi ng ?gﬂ (],1? Hﬁg@d éﬁﬁm}?gﬁt@ cYa?m 4, \ggergm the cE:term{nriplg veheﬂler to appiynfrequency
15 domain downmixing or time domain downmixing includes determining if there is any
transient pre-noise processing, and determining if any of the N channels have a
different block type such that frequency domain downmixing is applied only for a

block that has the same block type in the N channels, no transient pre-noise

processing, and M<N.
20 6. The method according to any one of claim 4 to claim 5,

wherein the transforming in the encoding method uses an overlapped-transform and
the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,

wherein applying frequency domain downmixing for the particular block includes
25 determining if downmixing for the previous block was by time domain downmixing
and if the downmixing for the previous block was by time domain downmixing,
applying downmixing in the time domain or a pseudo-time domain to the data of the
previous block that is to be overlapped with the decoded data of the particular block,

and

59



wi ndowi ng and overl ap-add operations to determ ne sanpled audio data. 3.
The method according to claim1 or claim2, wherein the encodi ng net hod

i ncl udes wormm@2eand packi ng netadata related to the frequarseyliaessas n
exponent and mantissa data, the netadata optionally including netadata
related to transient pre-noise processing and to downm xi ng. 4. The net hod
according to any one of claiml1l to claim3, wherein Ais true. 5. The

net hod accor diyhgretnQpplyfisMnt doMAB! ®wWhnlifige d2hohMcMbNboMglINGs to apply
frequency domai n downni Xi ng or tinme domal n downm xi ng i ncl udes determ ning

if there is af§cHHRiAgifeRIpPaImor S Ppvistieisrhgas nfdcderedemainng i f any of
the N channel §,hav&ind, Hldfif G @%nrgilxﬁl%l?ﬁltt}{@ﬁre%%ﬁ‘s}"blga@&/asfﬂyqﬁﬂlﬁé}ﬁi dGQmRi n

downmi xing is applied only for a block that has the same block type in the
N channel s, ndownmingigeprocassieg e psicyarddecksiififgyentlyriganvklie dewnmiixéngrfet hod

accordipgg to gg%ﬁgﬂ%sgﬂwﬁgg;ﬁ%% . &%@§§@§%n8@@ﬁ %ﬁ%the transformng in the

encodi ng neth uses an overl apped-transtorm an “further processing

i ncl udes appl,yi ng.w.ndowi.ng and ov ap-.add operations.to determ ne sanpl ed
oud o dat & PUREPEIR AR R RS e R d e BB HEr the par c: cul ar
bl ock includes determning if domnnixhn%$for t he previous bl ock was by tine
domai n downtrlRf Hﬁthéfﬂﬁcqofd”t‘gnt@ CWW&‘W}Q ecf}ec?dr%uiﬁﬁ B\FESLIANeRISE PROCGRser by time

domai n downm @, inRBidA 80inflONR Rir&dniBg §ifeld NRubdHIR nARIPN dibéxichsPgEUdo-ti me
dormain to the data of the previous block that is to be overlapped with the
decoded data 6FSH) KeMpATRE EaICAMSEIGERS: 2athdle P diedinu A hePIHENgomai n

downm xipng f0hmﬁﬂ&ﬁhhﬁﬁ%h%&n@hﬁﬁ&kﬁﬁSﬁHﬂ&ﬁt&ﬁk@&ﬁkﬁ&@ﬂmb&x@@?ﬂﬂlé&&g for
t he previous block was by frequency domai n downm xing, and if the

downri xing § Qe Eﬂ%ﬁloﬁﬁgﬁ‘égdr?h%ﬁogéi&ﬁﬁ c‘T{i’]?c?anQM t{) %ﬁt §,'\91}éfreqx§)ggé %uedomm xi ng,

processing the particu er ent an | ownm xi ng for the

previ ous bl gck was.not by.frequency donmai n downm Xin 7. The met hod

ecor ding t B Sy SEHaT b ol Y & iehrg! S TBrL iy dverde. "5, The

met hod accor diragfdrmindl aad applyinphethet frotddsnglac adeiaried@st & tht Bastrequagyx 86
processor mhos& ia%ér%ction set includes stream ng single instruction

mul tiple data® it Ons (SSE) conprising vector instructions, and wherein

the time domai n downm Xi ng . . . .
15 11. The method according to any one of claim 9 to claim 10, 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.

12. The method according to claim 11, wherein the information that defines the
20 downmixing includes mix level parameters that have predefined values that indicate

that one or more channels are non-contributing channels.

13. The method according to any one of claim 9 to claim 10, wherein the identifying one
or more non-contributing channels further includes identifying whether one or more
channels have an insignificant amount of content relative to one or more other

25 channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

14. The method according to claim 13, wherein a channel has an insignificant amount of
content relative to another channel if its energy or absolute level is at least 18 dB

below that of the other channel.
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i ncludes running vector instructions on at |east one of the one or nore x86
processors. 9. The nethod according to any one of claiml1 to claimS8,

wherei n GWo=0twvwe26710. The nmet hod according to cl ai m9, pamarseéin/omsst3 and
m=0, such that inverse transform ng and applying further processing are not
carried out on the |low frequency effect channel. 11. The method accordi ng
to any one of claim9 to claim 10, wherein the audio data that includes

encoded bl opK$hé Aehbd g otditfeal GRIH @8 Vidahin H&fahAa $ad H8ndOWIRINK RGN 8Nd

wherein the identifying one or nore non-contributing channels uses the
i nformati on t EeRteng&tqtive 0 anpthegehwargl Kiignergpor aelutedevsbid ableesvPdiiBg to claim
11, wherein tggo\;ﬂ,lra{a%mg @B dhbte; def i nes the downmi xi ng i ncludes mx |evel
paranmeters that have predefined values that indicate that one or nore

channel s ar - cONt I hut | .S, .. 13 . The t or.di to any one
o o BTN B NSl By N R RSl
non- coner i but cimgndhbaveeh snsfemifichmranionst] af dexgernt adatvie fy bnegorwivet biber one or nore

channel s have an i.nsi gnifi cant . of ntent relative to e or nore
Stner chanael Smpets s cofRRinRe e Gre Rdh Gt PEsenkit BOFeont ont
rel ative to apgtshechahanned seitfible thseskoier gy or absolute level is at |east 15
dB bel ow that of the other channel. 14. The nethod according to claim 13,

wherein a chanmieheiad a@Brdiddsb 9Rinh il 63 Hercd MY Reable 1GOMORNE sdi @) @eiorg tO
anot her channel if its energy or absolute level is at |east 18 dB bel ow

that of the oPW&MiteHausefinefsaluphe met hod according to claim 13, wherein a
channel has an insignificant anount of content relative to another channel
i f its 1€nerly The mathsdhasprlinggy ey ¢rs cdclajredge clgim HBwhelemhe drgeptet audive ot her

channel . 16. Fie, 5t 9 ACGO kAt & AL U dideq WLTEA Dbl (ERNLALYT N0

r
whet her one or nore channe sl%ave an |n5|gn|??cant anount of conte

rel ative to omgadgitionglistoct seeof fohapmbdesodenpbates, admpar ofrhgek-érel ddrddeer ence  of
a measure of content @%runt Qg§M§en F |rs.quph§pnels 10 .a sett.

opeﬁl{lons t rrfDO -en € operations 1mne E e\}\lﬁ ackmﬁ a (}1] cCO abl ee
threshol d. 17. & hret hod atcording “to ¢l ‘af m 18, BI°6IMR Phesel't absl e
threshol d is $efuehey dmeinéxpangak wdahartigsaafatapif @deferoé chebatbteeasm. inh8. The met hod
according to any one of clajml1 to claim17, wherein the acc ed audio
data ardoin ¢ AeeebngHeod] Faprd dPafinth amsn B iibhun S3ald B wher oi n
t he decodi ng 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 transient pre-noise processing decoding, and

downmixing in the case M<N.

20 19. The method according to claim 18, wherein the front-end decode operations are
carried out in a first pass followed by a second pass, the first pass comprising
unpacking metadata block-by-block and saving pointers to where the packed exponent
and mantissa data are stored, and the second pass comprising using the saved pointers
to the packed exponents and mantissas, and unpacking and decoding exponent and

25 mantissa data channel-by-channel.

20. The method according to any one of claim 1 to claim 19, wherein the encoded audio
data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and HE-AAC standard, and a standard backwards compatible with HE-

30 AAC.
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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
unpacki ngvendiideewdi ng t he frequency domai n exponent an@#Cwarstéiz®assdat a of a
frame of the bitstreaminto unpacked and decoded frequency domai n exponent
and manti ssa data for the frame, and the frame's acconpanyi ng netadata, the
back-end decode operations including the determ ning of the transform

coef fici ents|, AtdgpuRY.fha&MHId gt&a%cérﬁémlﬁgt_oﬁﬂgd@e@ihg iRGudiishd MerwiRkhocessi ng,

appl ying any required transient pre-noise processing decodi ng, and

downmi xi ng i neteNeied By anaiNI0rg ProCeRHES At PIBEFSHBE P EMGuedhePraraning, wherein
the front-enddecode,Qpeidil R AL @AM GRIRYE cdcBdd HddSbf A Rardndl! owed by

a second pass,” the first pass conprising unpacking netadata bl ock-by-bl ock
and savi ng pophtudiosdatagoipray deceded apdio Ketd thax pelvdest Mamcharagis pigleaodddt a ar e

stored, ;and t%i&%ﬁ%ﬂﬂb@ﬁ?ﬁqe%%@ Je f%@%ﬁ%’g&g&%g%ﬁé{ﬁgﬁEQIhQ%SJoﬁe& o the

packed exponents ’and mantfFssas, and unpa ecodi ng exponent and
mant i ssa dat aashadaelandywhanhehumRof [Pvdraqedrap difentodnthetsgn the deeydedne of

claiml to claiprp wherei.n t ncoded..audi o data are encoded accordi ng
to one of thegggéé%?t%?%ﬁﬁg? ggggﬁgﬁ§ﬁﬁ%%%%f the AC-3 standard, the E-AC 3

standard, a standard. backwards co tible wi.th the E-AC- 3 standard, and
PE- AAC. st andar d,MUHEHORS SYLR Bl S BIGHAR dSeEl i e ABe 40 (7 FElide™ A

conput er - r eadsidkies FNOf AGEndILEH daBdRE Qtidif Gatsl eg0didty dnnatsduct h@Rsd, ikat when
executed by one or nore processors of a praocessing system cause the
processPng sy&tening gethod inrlytine trasigaming Naeiepnedsttaligighiudiqdaia aes  encoded

bl ocks of N. nggshannglpadin h&c?@&ﬁaiﬁ@x%@@ﬁf‘aﬁ@%ﬂ&qa augliagadat a t hat
i ncludes M m channel s of decoded” audi o, 1, n being the nunmber of | ow

f ff [ : j : [ th
requency e &&ctﬁﬂ@ﬂﬂ%lfep'&ecu&@ chidE ﬂgugq}ng%?éhégc%g%dggglg%qta%pe' ng the

nunber of |ow frequency effects channe audi o data, the
decodi ng i nst mgeedtionsthingicodikevytedicmsst derotingmecludizgt when execut ed cause
accepting the audio data that includes blocks of N n channels of encoded
audi o dat a encodedinkyucdonsaha edicm grevetdcaise tiipaclencadi dagpdiret thottequasdyudi ng
transformng N.n channels of digital qydlo data, and form ng and packi ng
frequeri@dy domain € RPORAG  HEH TS Hat a; and instructions that when
execut ed cause decoding the accepted audi o data, the instructions that when
execut ed cause decdtirusHoRsHRat YeeH eygecuted cause determining transform coefficients from

the unpacked and decoded frequency domain exponent and mantissa data;

instructions that when executed cause inverse transforming the frequency
domain data and applying further processing to determine sampled audio data;

20 and

instructions that when executed cause ascertaining if M<N and instructions
that when executed cause time domain downmixing at least some blocks of the

determined sampled audio data according to downmixing data if M<N,
wherein at least one of A, B, and C is true,

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

particular block to apply frequency domain downmixing,
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instructions that when executed cause unpacki ng and decodi ng the frequency
domai n exponent and nanti ssa data; instructions that when executed cause
det er m niwg 20riansdeor m coef fi ci ents fromthe unpacked an@cCuaseded2issequency
domai n exponent and manti ssa data; instructions that when executed cause
inverse transform ng the frequency domain data and applying further
processing to determ ne sanpled audio data; and instructions that when

execut ed causeg Rfeekd aleMinRUdnfailNrARdnk BRIWabCEdR0 vk et e Bixagut ed
cause tinme domai n downm xi ng at | east sonme bl ocks of the determ ned sanpl ed

audi 0 data ac€¥paickhaneed Hemmaswausly vdet downmineadatpiiad df ¢hagged gpbtingone of A,
B, and Cis tpug. faéln?% &Qerhl%tcrés@?ade@ﬁ&»@fﬂﬁ&h@r&ﬁta aﬁl%m\é’*@i%&aﬁm%&%gnggause

decodi ng i nclude 1 nstructions when execut ed cause determ ni ng bl ock by
bl ock whet her aqcer%rmdpyherqr@qﬁ@hdylowlmnmng devmnd ik imvganged tdinvetlydonai n

dovnrii xeng, _andykAShEHER RS %%o;vgga?mgfﬁgﬁgm%use appl yi ng frequency

domai n downm Xi ng i articular block to apply
frequency do

et oo P Mesh P RS b P TS e e R e B B0 st

used downm xi oge @ahde n@nebntmtfuuﬁ@amgﬁejs ofappNy mlgltehmas Jaathnrgndibudst er m ne
cross-faded downm ta and tinme do Xin cc to t he
Cr ose. f aded GOVIARPEE »GBtrae B AR oL ORGP eyt b e e

downmi xi ng aceaRhdi agestndt ¢4hE odOMRETkXirdh@fodiaing thedi@uéach dbMgintda@tand lsh@
instructions that when executed cause decoding include identifying one or

mor e ndf- cont ARG Fgthenpangeeting gy the pre quoppre ‘rﬁlﬁ{httﬁeéﬁlﬁﬂ feptgbutipg channels.
non-contri buti ng channel being a channel that does not contribute to the
Nln1channel%3Thmﬁﬂmhﬁﬂfﬁﬁéﬂﬁﬁﬁﬁ@@H@@@@“ﬁ@ﬂm@éﬁ¥§m6Uﬂ—WhVém§@3transfornlng

the frequency .gdoma ﬁ“tﬁ%e ﬁ et s% Q%Jeﬂgﬂp@ﬁliraﬁyf&ﬁleﬁﬁd\ggera PH‘: one or

nmore identified non-contri ut| anne S. e conputer-reada
st or age nedi ufardecrpdisnng moludftse@ppﬂb@z Wwingdvevried andioverlaprald opemdmdo i n t he

encodi ng nEth8&]%ﬁ&3wﬁl(B.S&O%gged transform and wherein the further
processing inc es ap ylng ndomnng and overl ap- add operatlons to

deternhne S ed auglo%%ﬂ@ . Tae coq?%>e{-ﬁea e tgéa e medi um
accor di'ig t Ko\ 01! R ?éo%g‘“z?e WA ERne to clatm orSrath erem
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.

24. The computer-readable storage medium according to any one of claim 21 to claim 23,

20 wherein A is true.

25. The computer-readable storage medium according to claim 24, wherein the
determining whether to apply frequency domain downmixing or time domain
downmixing includes determining if there is any transient pre-noise processing, and
determining if any of the N channels have a different block type such that frequency

25 domain downmixing is carried out by the instructions that when executed cause
decoding only for a block that has the same block type in the N channels, no transient

pre-noise processing, and M<N.
26. The computer-readable storage medium according to any one of claim 24 to claim 25,

wherein the transforming in the encoding method uses an overlapped-transform and
30 the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,
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t he encodi ng nethod includes form ng and packing netadata related to the
frequency domai n exponent and manti ssa data, the netadata optionally

i ncl udi ngvoebad@L®7rel ated to transi ent pre-noi se procePErF2@nd23563
downmi xi ng. 24. The conputer-readabl e storage nedi um according to any one
of claim2 1 to claim23, wherein Ais true. 25. The conputer-readable

st orage nedi um according to claim24, wherein the determ ning whether to
apply frequengyedarmmpRind RQHn%) 08mAL bl ARixHRTBY e FAVARPHIRY indhsdetides
determining if there is any transient pre-noise processing, and determ ning
if any of thedpeEnRiAnH|dewRRNGOF he PEVENE DISFlowRS Byt deptin doprmikingquency
domai n downrm g o GARREOPHE pRYi0BILIIRLL GRS ifiaby i ex eCut ed
cause decoding only f a bl ock ?hat has the same block type in the N
channel s, no #pryisg éewnpriae mofhs dmerdomewsir agseudeordinvkdmamgo thpjsiata of the

conput ek-r ead to claim
25, whorel n t B ErSnEpOAR R Qe e R PG B AP
over | apped-t ramkf or m and the further processing includes applying w ndow ng
and overl ap-add operations to determ ne sanpl ed audi o dat a, wherei n appl yi ng
frequency domaherethoppiyingiting: doafairt dvevnparihg tutlapartiollackodkriatiugtes det er m ni ng

i f downm xing for .the. previous bl ock was B% tinme d naln ownm xi ng and if

t he dommnixinaaPHPmP%gdBWEWf 05%8@§W%H§ K YRRy B xi ng,

appl yi ng downgbwahigingNardietht d6@nOiQmRIfor (86 pidvipeEhl e wisiy ffb@ﬂ@kgﬂd@@alh he data
of the previous block that is to be overl;&ped with the decoded data of the
particuPar bl 8eKIMiXHE. RIREFEPSHhS pRTIGHIAPIeGk ‘HEHHHW“HBQHHP%WWHHEH?Y

particul ar bl gglordifk BRER wlELR LY RERGCY foaNasixhiRGef or the previous bl ock
was by frequency domai n downm xing, and if the domnn1X|ng for the previous

bllock was by &B@%ﬁﬂﬁ?&f rgag%é E‘toﬂ%‘%@ﬁb&g or@ﬁlgew Zoﬂgof ag %&B LHh Qﬁ,yb' ock

differently than ownm x or t us b oc was not
frequency donwhereddisiugi ng. 27. The conputer-readable storage nedi um
according to any one of claim2 1 to claim26, wherein Bis true. 28. The
conput er - r ezgdahéd e)nsgumfra@elahstestbmgm aediomdicagdihg tocdl@dinmM72Wheratnelieei n t he
rocessing system.incl ude st one,Xx86 processar whose instruction set

b 9 sy rocessing system 1Sncl%des at ? ast one x88( rocep SSOT w%oseC{nstruct?on set includes
i ncl ude P £y P

streaming single instruction multiple data extensions (SSE) comprising vector

instructions, wherein the instructions that when executed cause decoding the accepted

audio data include instructions for execution on at least one of the one or more x86

processors, and wherein the instructions that when executed cause time domain

20 downmixing include vector instructions for by at least one x86 processor of the one or

more x86 processors.

29. The computer-readable storage medium according to any one of claim 21 to claim 28,

wherein C is true.

30. The computer-readable storage medium according to claim 29, wherein n=1 and m=0,
25 such that inverse transforming and applying further processing are not carried out on

the low frequency effect channel.

31. The computer-readable storage medium according to any one of claim 29 to claim 30,
wherein the audio data that includes encoded blocks includes information that defines
the downmixing, and wherein the identifying one or more non-contributing channels

30 uses the information that defines the downmixing.

64



stream ng single instruction nultiple data extensions (SSE) conpri sing
vector instructions, wherein the instructions that when executed cause
decodi ng wheoncoepred audi o data i nclude instructions f@CcTaseaueisas on at

| east one of the one or nore x86 processors, and wherein the instructions

t hat when executed cause tinme domai n downmi xi ng i nclude vector instructions
for by at |east one x86 processor of the one or nore x86 processors. 29.

The conput ez rrﬁ@éiﬁlgiueerséa@mgaofﬁggmumuﬁ%&rr@hgq) dANANY whBin@fe Claim 2 1 to
claim 28, wherein is true. 30. The computer-readabl e storage nedi um

accordi ng to &femsionthaidedipes the dpwnmynge pehidesyisHe yeh arrametos e heanst or mi ng
and appl yi ng Fféﬁéfih%& vRLQGER Sh G AR & dﬂ%r G8felchfheRYke IR)H bhgvh@w frequency

ef fect channe he conput er-readabl e storage nmedi um accordi ng to any
one of clai m g@gnngs.cl ai m 30, wherein the audio data that includes encoded
bl ocks includes information that defines the downm xi ng, and wherein the

i denti f gi ng33ofibe armpumr-gcadairie sxonge h]bdiummgccﬁdiag n&lns ous ecliine29i tnthaimmad,i on t hat
defines the do uter-r m accordi ng
Co clam 31, SHERs b B ying 85 PO e AU R S b AR el s
m x | evel par aketlifging vildair fie\ve npofedahnanddvy ad magnlflhaﬁ amoghtoft@tdnhat one or
nore channel s are non- contrlgﬁtigﬁgfg nel.s. | he co 1é‘%(ar-readable
storage nedi uffif8tE 6 ARG MO YRS cBHECof VTR Pnd%‘n‘f a&f“h‘in CAABPE N t he

i dentifying obEcoafenRIa€vO@NIME@EE dhhitdl if RY efRBNGIRbSOIE kI Id/EIE atl 16461 LES
identif%lng whet her one or nore channel s have an insignificant anount of
cont ent'®r el at PY8V it 8hEe gheiprnedt her channel's, wherein a channel has an

i nsignificant anmount of content relative to anot her channel if its ener gy
or absol ut e34 dhefompntegtreddable stomge gRdiga) agoprdinato dgin e wherhara chprpghieds. 34,

The conputer-geq g%{?ﬁl%a LRLAAS CRH FAGE B HohQr éhQPﬁ‘élﬁ'lﬂg‘eﬁé W &ht@ a

channel has an 1 nSigni |cant anount of content ative to Anot channel
if its energyleel iadideisutdedd balew thagofghe ptoershai®l. dB bel ow t hat of t he ot her
channel . 35. The conputer-readabl e storage nedi um according to claim 33,
wherein a chhmhehHMQﬁxamMMMSMQn@éheanﬁumanmngunﬂMmamt@hﬂemakﬂmhMEmmo
another channel its ener gy . or | ute Ie%» ﬂ ?f east 25bd below

t hat Of t he Ofllhg]ﬁlg&lﬁlﬁ?ﬂl’iéinou (&) COl’ltel’lt re ative to another channel 1f its €nergy or abso ute

level is at least 25 dB below that of the other channel.

36. The computer-readable storage medium according to claim 33, wherein the
identifying whether one or more channels have an insignificant amount of content
relative to one or more other channels includes comparing the difference of a measure

20 of content amount between pairs of channels to a settable threshold.

37. The computer-readable storage medium according to claim 36, wherein the settable

threshold is set to one of a plurality of predefined values.

38. The computer-readable storage medium according any one of claim 21 to claim 37,

wherein the accepted audio data are in the form of a bitstream of frames of coded

25 data, and wherein the instructions that when executed cause decoding the accepted
audio data are partitioned into a set of reusable modules, including a front-end decode
module, and a back-end decode module, the front-end decode module including
instructions that when executed cause carrying out the unpacking and decoding the
frequency domain exponent and mantissa data of a frame of the bitstream into

30 unpacked and decoded frequency domain exponent and mantissa data for the frame,

and the frame’s accompanying metadata, and the back-end decode module including
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36. The conputer-readabl e storage nedi um according to claim33, wherein the
i dentifying whether one or nore channels have an insignificant anount of
content rwbDapvive2466 one or nore other channel s incl udesPcogsaritngsshe

di fference of a neasure of content anount between pairs of channels to a
settable threshold. 37. The conputer-readabl e storage nedi um according to
claim 36, wherein the settable threshold is set to one of a plurality of

predefined valld@SotionShatMiRnCeM Rhust BRARRKBinG Q)i 828R BBAESS Ng any
one of claim2 1 to claim37, wherein the accepted audio data are in the

formof a bit icrieamesrnsiprates Qs geceraing, thamrplyineti PALING URFEYF uct i ons
that when exegul . oAESIMHLEAMH Mdald1fe AGGRRLGE iRHILR Aal are partitioned

into a set of reusable nodules, Tncluding a front-end decode nodule, and a

back-end d ok ront - l e | udy ' uctions
hat when' cxadlt Saikn et pGRRG SR LGRS TR e LR HEU T Rl e
frequensey donmshereaxhoemendedandionat taressaodtd hecooding@tofonanthe ketofigaiatdst r eam

i nt o unpacked and .decoded .f enc opmi,h, e nent a ntissa data for
the frane, anaolisﬁ%n%?atﬁ%gg'%sgag%,?@a%ﬁig' 'rsresfagé/‘ﬁﬁ’a% Staél%rgﬁl’ﬁg?"baé k-end decode
nmodul e i ncl udcagpansiervdtt thORAC-B atandui nheNBAK @ stamiats end heardietder m ni ng of
the transfor rrhc%effi Ci ent@ t.I&ke?[a'E ve(fjse transform ng, the further
processing, t REYBISH GPRRRURIR i transi ent pre-noi se processing
decodi ng, and the downm xing in the case MKN. 39. The conputer-readabl e
storage nedtuihaceuugmgdable satpeepedigm ssruding ® daip’e| ai m 38, wherein the

encoded audi o data are encoded according to one of the set of standards
consi stiong of whereinAlE: eededriddip datatabpeenfodi@agrosdimidahalll-Ad -3 stamdiad o backwar ds

conpatible w - - AC- o HE-. t ani t andard

backwar ds corr%%to %C%fgetg\ia\négﬁgﬁﬁ%%%{dgBéﬁl%ﬁ%gléﬁgﬁgg% gr@(?gg%g%ﬂrg’%g?g}a ge nmedi um
accordi ng to oichidem®8; thwheemled chdneclencoded audi o data are encoded accordi ng
to the E-AC-3 standard or according to a standard backwards conpatible with

t he E-AC 3 st ane@indhe Bierpaycessiel indededapyibh amdwigdad ocdthpnal s, wherein

the further processing, incl|ludes applyi wi ndowi ng and over| ap-add
oper at i ons tooﬁeéi‘té)in?r’iotf@tegﬁ’r?ﬁlsﬁrﬂplﬁ‘g&%o%gat’a, wherein, in the case N>5, the
coded bitstreamincludes an i ndependent frame of up to 5.1 coded channel s
and at 'Peast heclePehtient Npp.dhecaded Bisdesm églugles an independent frame of up to

5.1 coded channels and at least one dependent frame of coded data,

wherein the decoding instructions are arranged as a plurality of 5.1 channel decode
modules, each 5.1 channel decode module including a respective instantiation of a
front-end decode module and a respective instantiation of a back-end decode module,
20 the plurality of 5.1 channel decode modules including a first 5.1 channel decode
module that when executed causes decoding of the independent frame, and one or

more other channel decode modules for each respective dependent frame, and
wherein the decoding instructions further comprise:

a frame information analyze module of instructions that when executed
25 cause unpacking Bit Stream Information field data and to identify the frames
and frame types and to provide the identified frames to appropriate front-end

decoder module instantiation, and

a channel mapper module of instructions that when executed and in the
case N>5 cause combining the decoded data from respective back-end decode

30 modules to form the N channels of decoded data.
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wherein the decoding instructions are arranged as a plurality of 5.1
channel decode nodul es, each 5.1 channel decode nodul e including a
respect i weoinsiymeds7at i on of a front-end decode nodul e ardTaSe@3PISB3 ve
instantiation of a back-end decode nodule, the plurality of 5.1 channel
decode nodul es including a first 5.1 channel decode nodul e that when
execut ed causes decodi ng of the independent frane, and one or nore other

channel decodan 4 8Stof Ploc&EGH atiBS PRSI MBoreRENBN Hatd thaTRoluROEhwi&r ei n t he
decoding instructions further conprise: a frane informati on anal yze nodul e

of instructi oReckHAN wisAndxcutiodawdnsamyisprde rebo e that ingladssMfbr mat i on

field data angfQelt GERbodH abdl6, hﬁ%ﬂrﬁ%i@!ﬁe fn B IHRER @éﬁgy E@ediy ovide the

identified franes to appropriate front-end decoder nogule I nstantiation,

and a channel chrapgein thoehsbéedahdionigtar andimh beise thhanmbren lexbedred cdledsi n t he

case N>3 causg,.Go hﬂﬁgﬁxg&%fggﬁqgﬁgmgEéﬁﬂ%kqghﬁﬁgﬁgft'Ve back-end decode
e cha of a. 41.

nodul es to formt nnel s eco at n apparatus for

processi ng audio data to decode the audi o .d t i.ncl ydes encoded bl ocks
bt R channe st igtgnalEaors “hg aii BsBeb Beda iR dlRa arSREE s M m
channel s of deatideda aiedil@l, byMalncatifeahdigod, he eactdbrmalkod iavudingquency ef fects
channels in the encod audi o data, .an bei t he nynber of | ow frequency
fTects channdRsTRTERGn dBEs o St 3oda e S LA P NP ng. moans
for accepti ngdéhign axbnentdad mahthed ditnehade bl ocks of N.n channel s of encoded
audi o data encoded by an encodi ng net hod, the encodi ng nethod including

transfqpm ng NemsGharo&dise @f adicfled RlaiRldh, AalAs RS Mddshi@d packi ng
frequency donmai n exponent and nantissa data; and means for decoding the

accepted audi o dat St adi i ncl.udi ng: r unpacki ng
and decodi ng the H?%@E%ﬁ@%ﬁggﬁﬁfﬁ&%%%gﬁgﬁgqgﬂggﬁzﬁ?ﬁggﬁ %ggfgﬁeans for
det erm ni ng transfoamissokid i ci ents fromthe unpacked and decoded frequency
dormai n exponent and manti ssa data; mnmeans for inverse transformng the
frequency domai n datds asdefeaninigplayifogn éderfidiaits fpond tes8pdatged mddiet®ledi ne

sanpl ed audi o data, and neans for tin% donaig downm xi ng at | east sone
b| OCkS Of t he det eﬁr?ﬂuﬁlgé' domain exponent and mantissa data

15 means for inverse transforming the frequency domain data and for applying

s

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,
wherein at least one of A, B, and C is true,

20 A 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 for the particular block if it is determined for a particular block

to apply frequency domain downmixing,

25 B being that the means for time domain downmixing carries out testing whether the
downmixing data are changed from previously used downmixing data, and, if
changed, applies cross-fading to determine cross-faded downmixing data and time
domain downmixing according to the cross-faded downmixing data, and if
unchanged, directly applies time domain downmixing according to the downmixing

30 data, and
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sanpl ed audi o data according to downm xi ng data for the case MN, wherein
at least one of A, B, and Cis true, A being that the neans for decoding
i ncl udes woansl/foeg67det er mi ni ng bl ock by bl ock whet her t @Capskartfoezsgriency
domai n downmi xi ng or time domai n downm xi ng, and means for applying
frequency domai n downm xi ng, the neans for applying frequency domain
downm xing for the particular block if it is determned for a particular

bl ock to appl ¥ Heln@qkie teMappfamed cownidaxi R ideRiRlcRPe bhabretnbs NMeans for time
domai n downmi xi ng carries out testing whether the downm xi ng data are

changed from gemeviuing FRanpeledl GoNMnRILHAIEE & noar@nribptrgrAaRstbeiRgdl | es
cross-fadi ng 0dgtuek B GoClAGHulead il M.Mﬁhﬁelé)gnc%gﬁh@%afawﬁo&%' n

downmi xi ng according to the cross-faded downm xing data, and if unchanged,
directly appl Faty qut myedoraisfrraowribd equgneyclooad datp and appipingl6wihet xi ng dat a,

andC being th océsﬁgﬁggﬁ?ogﬁf Hflﬁiéféﬁgiéﬁﬁﬁéd H%%ﬁtrfbﬁﬁ és&%gﬁéliyi ng one or nore

noncontri buti hg c n 1 nput channe non-contri buting
channel bei g changel t hat 90?3 Qgt ontriQutq,to t he, M m channel s, and
that the appar 3t (PS8 HEINE QTS RO R e GRUPS PR PREE £ r equency
domai n dat a andihapplhegiangvdriappdieranpions e whgretinhé hetherngo@ksimiheuddent i f i ed
non-contributin .chaqﬁels. 4%. Tpe ?@ aratus according to claim4l, wherein
t he transf or Mg MAVINEVERABUPHY *HE ra{iong oigtegyine rappletttdiofi or m - and
wherein the further processing includes applying wi ndowi ng and overl ap-add
oper at i ons 1o THetRPRffYacitips Oslardil o glakyd?. adererHie gipdinafngdodccor di ng to
claim4ol or gl.Rla® I%ﬁnin%’gﬁ‘d SlcRink RR NG 2dhRIoTR! AQRlecARUoltdfxpHHl 49 and

packi ng nmetadata related to the frgguency.donaln exponent and mantissa
data, the net&datisa dgt.iteratpdaty opsiopaiyreclydingatadats wlagddd tprsiant Bs| ent

renoi se proc i 1,%i . 44. The apparatus according to an
p p ﬁéi§1é gceg{lg% e tgﬁw\l\ﬂ%fﬁhﬁg pp g y

one of claimi4 m 43, erelfn Ais true. 45. The apparatus

according claim 44, wherel n, means f ol a%.tn%ﬁg‘o dLng it her 1o, apply
frequency domal nhEOWH Xiohg or 1 e donai n doWAm Xi'ng- carries out

determning jf. there is any trans'enb I e-noi se processin and determ ni ng
if any of t e%N3@EQWHQP§XW£W%d§HH¥¥P’?éﬁ?n%W%gﬁdt?ﬂ@m§égﬁgpﬁ39a? &quency
domai n 1gownm eqi@néySdcaiM d&ehn@RinY of Ghe dobdip abwiiiinghagict b BaARineock type
in the N channels, no transient pre-noise o

there is any transient pre-noise processing, and determining if any of the N channels

have a different block type such that frequency domain downmixing is applied only

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

processing, and M<N.
20 46. The apparatus according to any one of claim 44 to claim 45,

wherein the transforming in the encoding method uses an overlapped-transform and
the further processing includes applying windowing and overlap-add operations to

determine sampled audio data,

wherein applying frequency domain downmixing for the particular block includes
25 determining if downmixing for the previous block was by time domain downmixing
and if the downmixing for the previous block was by time domain downmixing,
applying downmixing in the time domain or a pseudo-time domain to the data of the
previous block that is to be overlapped with the decoded data of the particular block,

and
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processing, and MKN. 46. The apparatus according to any one of claim44 to
claim45, wherein the transformng in the encodi ng nethod uses an
over | appesiotna®twrm and t he further processing incl udegcapskyiingses ndow ng
and overl ap-add operations to determ ne sanpl ed audi o data, wherein
appl yi ng frequency domai n downm xi ng for the particul ar bl ock includes
determ ning if downm xing for the previous block was by time domain .
downmi xi ng anghidintdpply HQWRAME doinfAch d¥nntikige Rﬁ%gh@i@amb&l@a&nm&sby time domain
downmi xi ng, applying downm xing in the tine domain or a pseudo-tinme domain
to the data oflciehunipg dvioanaivnoek he Rewious blogk pas byisiquatsped™iint h t he decoded
data of the parfiGuldramliPGK RN 6! Re ARALYI BGeid 4y 4RIy AAWART Xi ng
for a particular bl ock includes detérmning if downm xi'ng for the previous
bl ock was by fleweiameyprdesssinsithd oeuianls Merk dafiretently thavaf dovawimixmg Hor t he
previ ous bl oc ~ r I %}%g LX1 NG, . Processi ng the

ﬁle 1(?% bfocﬁ%gg&%g%g@n?%e Oﬂhédzr{l&xmg

particular bl oc ifrerently than wnm xI ng-for the previous block

was not by uency. domai n downmi Xi 47 The. apparat us,according to any
one of ol ai Hh SRR SR dla CARTPE A o Bt RS S BIERLL e
according to claimd47, wherein the apparatus includes at |east one x86
processor vitfod Be pnpatapi @esosting Lrclgim el ypardeia fl}eé‘ﬁﬁarr?fﬁs %‘FW@‘FSG?“ {AdPeEtq on

mul tipl e dat apRxseasitRRSinkREdn §@ RIS NPaMBgkRbleliRslubitit h@nsle addd Wherein
means for tinme domai n downnm Xi ng runs vector instructions on at |east one
of the one or CHHSEN EB D COBREERY Eeton mstraans, A by ares MearsdPHing deMriAny one
of claiym4 1 hGy&hRIND AR velBEMQMiEns o ot [H ond0F (hd B RRRAL &g!s according to
claim49, wherein n=" and m=0, such that inverse transform ng and applying
further proceB®rcesgotare not carried out on the | ow frequency effect channel.
51. The apparatus according to any one of claim49 to claim50, wherein the
audi o dat a 4%hadhe appetatdescoedicpdedy bhoakhimrd ltudes 4 wberwat ¢ onrdehat def i nes

t he downm xi ng, and wherein the identifying one or nore non-contributing
channel s us®§s Thdgppafafus homidifdtotdiad 4dedhdi€s nkhendiawm ruot (Ag.invede The
apparatus accordi n%,to nz one_of claim49 to claj m 50, \ﬁ,h?reg n the

i denti fyi ng transforthing and applying further processing are not carried out on the low frequency

15 effect channel.

51. The apparatus according to any one of claim 49 to claim 50, 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.

20 52. The apparatus according to any one of claim 49 to claim 50, wherein the identifying
one or more non-contributing channels further includes identifying whether one or
more channels have an insignificant amount of content relative to one or more other
channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

25 53. The apparatus according to any one of claim 41 to claim 52, wherein the encoded
audio data are encoded according to one of the set of standards consisting of the AC-3
standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and the HE-AAC standard, and a standard backwards compatible with HE-
AAC.
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one or nore non-contributing channels further includes identifying whether
one or nore channels have an insignificant anount of content relative to
one or nowe 20ttweIschannel s, wherein a channel has an i n®CgniskoleAnds3nMOUNt
of content relative to another channel if its energy or absolute level is
at least 15 dB below that of the other channel. 53. The apparatus according
to any one of claim4 1 to claimb52, wherein the encoded audio data are

encoded accy dindgpdrRuPRde pRlesting asd df mat ARH@ 3 en CRARESHE PoRh abdle AC- 3
standard, the E-AC-3 standard, a standard backwards conpatible with the

B A3 st anda i it e pEaubachir i desieies N chue B oBeaossR el Bl
conpati bl e wi {1y 5EAN e ndifib BPRGATBed 9 LrRiOGRRRINY itk Qiedahdo t hat

includes N.n channels of encoded audio data to form decoded audi o data that
i ncl udes M m d#armnénsOcf | deos theduambeli o lowkequenesOetipets thiyaply gn thihdeqedetber  of

|l ow fre ”encﬁgﬁiggﬁiﬁmﬁﬂﬁﬁﬂﬁ$§°$%ﬁﬁ e encoded audi o data, and neO or 1
er o ow e

being the nu requenc fects channels in the decoded audio

data, the apparatus conprisjing: neans for cept.i t udi ata that
e udes N channel o dReBrieb st i SECRR oI SR hg et hod,
t he encodi ng net hoghcodeapudis idag ehdoded byimanagdiig mebbd niednsodifig degod al audi o
data in a manner such that inverse tr nsffr 'n&]an further proce sing can
recover time domai {PPEHIR LA PRBLA "4 W&@Sth@ flgpdio daiging g %ﬁ&“%acking

frequency domai n expaneMe tARgoBEng hikSRrtEapaoceRnd chofeobwegtimbdopaiaki ng
netadata related to the frequency domain exponent and nmantissa data, the
met adat'8 opt i onal | §FUPKE MHEPHG A sdars [orangrand Peking lEqes ey doppia- noi se

processing; and m@@%&@&m&@@%r@ﬁtatﬂﬁlf@ﬁﬁﬁ?ﬁrﬁﬁba@lﬂﬂé Redatidreldilipommans for
decodi ng conprising: one or nore neans for front-end decodi ng and one or

nore means for backewpirydlerddi ergonephad anantissh dapehpgerdia pptntilend decodi ng

i ncludes neans for LRRag kleBPah REaBBLANALiEn pffoidPaCifigamnd for decoding
the frequency domai n exponent and nmanti ssa data, wherein the neans for

back-end decodi ng i ncl &Bsﬂggg%d&kﬁxgggeEQmﬂhﬁgh&ransforn1coefficients
fromthe unpacked and décoded freqtiency domal n exponent and nmanti ssa dat a;

for inverse transform he frequency domain data; for applying w ndow ng
and ovéPIap-aHﬁI%%%?g%E%ﬁ mESOTRé%ﬂ%ﬁ ne sanpl ed audi o data; for applying

any
one or more means for front-end decoding and one or more means for back-end

decoding,

wherein the means for front-end decoding includes means for unpacking the metadata,

for unpacking and for decoding the frequency domain exponent and mantissa data,

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

25 transient pre-noise processing; and for time domain downmixing according to
downmixing data, the time domain downmixing time domain downmixing at least

some blocks of data according to downmixing data in the case M<N, and
wherein at least one of A, B, and C is true,

A being that the means for back end decoding includes means for determining block

30 by block whether to apply frequency domain downmixing or time domain
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required transi ent pre-noi se processing decoding according to the netadata
related to transient pre-noise processing;, and for tinme domai n downm xi ng
accor di ngvoaodomess’xi ng data, the tine domai n downm Xxi h@CTiUuse01doOREBH

downm xi ng at | east some bl ocks of data according to downm xing data in the
case MN, and wherein at |east one of A, B, and Cis true, A being that the
means for back end decodi ng includes neans for determ ning bl ock by bl ock
whet her to appbwndik8QUERAGYeaHORR b1 M hdy R aid ddWRnHQARRI dRdawigioH ng, and
means for applying frequency domain downm xi ng, the neans for applying
frequency donmBPMYiIBSERGHCRYEEPINHEXIng @mbéﬁ&ge%w JerasV A RIHEE fBr t he
parti cul ar bl gelbuhfoutaf pibsk #R%SIfUARa T ARkt HEUL Blphl Oelfudi8y aPP! Y

frequency domai n downm xi ng, B being that the nmeans for tine mai n

downmi xi ng cademes dewemixent i ng whet her t he downmi xi ng data are changed from
previ ously used downm xi ng data, and, if changed, applies cross-fading to
det er m ae cr oBdefngdied tletouwans foir rigie dathainaloadninixiney cloiaiont oing hxthaghaccor di ng
to the cross-faded downm Xxi dat.a, and if unchanged irectly applies tine
orat . doann S Hg SRR RRR R iR B Rnt e T HAPE R e BBl g T hat T he
appar at us i ncthmes], agaies cilbarfalide it defermig cane fxkd doyemiRbAdantahd buti ng
channel s of tge N.H ian.ut channel s, & non-ﬁqo(f;ci?ri but.i ng channel being a
channel that HYBYMEYIBEHEACHILRS {ofht HES2 ARHerEe Uk Hat the neans
for back end demasicadliflo@sapplts @ad domMhillowmViRing @cdord@nsioahdddvehntikiag f r equency
dormai n data and applying further processing on the one or nore identified
non- corfri but f#8 @hannel s. 55. The apparatus according to clai m 54, wherein

the transform ng in the encodi ng nmethod uses an overl apped-transform and
wher ei n t he f Grhelerthay thsaprarptaginFlnddsuerags Bp plepilmewnngowpdgornd over | ap- add

operations to.gekiefgh @S‘ﬁ?ﬁa@hﬁgﬁ?@hcgﬂe élg,uag[?og-cﬁﬂtﬁ%{?&?gr&tah‘rﬁﬂ §e°1rc1]g'§0i ted in

claimb54 or clalimbb; ereint ata are encoded accordi ng
to t he E- AC 3clmna¢idlat dossmoagwoibdierig thedVlan draamdsa el thaidkevarats fadapatidol e wi t h

the E-AC-3 standard, and my jnclude rope than & coded channels, wherein,
oo G s TeoBOHeS Hpfhd :

in the case N>5, e au ata i ncludes an<in rame of up to 5.1
coded dhannel spryidg Atrthbgasdessimpeondbp emdemioré damiiedfnos-odecdbuai @hammald.
55. The apparatus according to claim 54, wherein the transforming in the encoding
method uses an overlapped-transform, and wherein the further processing includes

applying windowing and overlap-add operations to determine sampled audio data.
56. An apparatus as recited in claim 54 or claim 55,

20 wherein the encoded audio data are encoded according to the E-AC-3 standard or
according to a standard backwards compatible with the E-AC-3 standard, and may

include more than 5 coded channels,

wherein, in the case N>5, the audio data includes an independent frame of up to 5.1

coded channels and at least one dependent frame of coded data, and
25 wherein the means for decoding comprises:

multiple instances of the means for front-end decoding and of the
means for back-end decoding, including a first means for front-end decoding
and a first means for back-end decoding for decoding the independent frame

of up to 5.1 channels, a second means for front-end decoding and a second
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wherein the nmeans for decoding conprises: nmultiple instances of the neans
for front-end decodi ng and of the neans for back-end decoding, including a
first neawe 20oriogeeont - end decodi ng and a first neans forcChaskeenesdecodi ng
for decoding the independent frame of up to 5.1 channels, a second neans
for front-end decodi ng and a secondneans for back-end decodi ng for decodi ng
one or nore dependent franmes of data; neans for unpacking Bit Stream

Information field gaim@ fdr®atideftdettiddier fdcamBS oS hdrd B ehyREFaBR Dt O
provide the identified frames to appropriate neans of front-end decodi ng;

and neans for conbia®ng the decoded data fromrespective means for back-end
decoding to formthe N channels of decoded data. 57. The apparat us
according to any one ofma&haformaphckiog BitaitnaiByfommeipefipld dajago tdendy 8. The
appar at us acoor di NBuh il AL R, HSE B ATRANS ARk AELE! MuBbgbet her to
apply frequency domain omnleing or tine domain downm XI Ag Carries out
determ aing if themeanssf faonyt-ehd dersilimpt andr e- noi se processi ng, and det erm ni ng
if any of the N channels have a different block type such that frequency
donraih n doerri Xi Ing i s apfdanebr osthdining thealebddag Kath d rh@acttdgeneamfgl OCE type
in the N channels, no transient pre-naoise processing, and McN. 59. The
appar at us accordinﬁwkﬁn%ﬁ§°@ﬁ%mﬂgnﬁﬁﬁ@ﬁﬂ?&gﬂ%mékﬁﬁﬁggg? wherein Bis true.
60. The apparatus according to claim59, wherein the apparatus includes at

| east one x36The tPeBEsACCIRERSL0 A% PRYItGladh 54 d¢ clpine P apdister A &diieng si ngl e
instruction multiple data extensions (SSE) conprising vector instructions,
and wher ei m8rEbnapphetustacoprdiDivailaim ddywnindrein ngansunsdeyauimong whghar tcdfipbns on at

| east e of the one,or.mre x86 processors., 61.. The apparatus according to
any oneof ot iR 48l Sl JHERERRRER o m gt RO B LR
accordi ng to desiismGliransdastrpe-noisesghro@ndngyriy] deerolinibdhdtny ofube Nehimalsf or m ng

and applying furth rocessin r ot carried qut on. the | ow frequency
of fect ' channeledaltii PSR oo o Bspesry Sl gvuming s wplirt oy 1 ¢
claim62, wher®iamldchehadbigdithe datedldchagpeiim e NIEBnMN; ad @ghsidnoglssioisacl udes

i nformation tggiaggghggi&gge downm xi ng, and

15 59. The apparatus according to any one of claim 54 to claim 58, wherein B is true.

60. The apparatus according to claim 59, wherein the apparatus includes at least one x86
processor whose instruction set includes streaming single instruction multiple data
extensions (SSE) comprising vector instructions, and wherein means for time domain
downmixing runs vector instructions on at least one of the one or more x86

20 processors.
61. The apparatus according to any one of claim 54 to claim 60, wherein C is true.

62. The apparatus according to claim 61, wherein n=1 and m=0, such that inverse
transforming and applying further processing are not carried out on the low frequency

effect channel.

25 63. The apparatus according to any one of claim 61 to claim 62, wherein the audio data
that includes encoded blocks includes information that defines the downmixing, and
wherein the identifying one or more non-contributing channels uses the information

that defines the downmixing.

64. The apparatus according to any one of claim 61 to claim 62, wherein the identifying

30 one or more non-contributing channels further includes identifying whether one or
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wherein the identifying one or nore non-contributing channels uses the
information that defines the downm xi ng. 64. The apparatus according to any
one of clwpreB/M2466 cl ai m 62, wherein the identifying oRETAIS20Mm/023533
non-contri buting channels further includes identifying whether one ornore
channel s have an insignificant anount of content relative to one or nore

ot her channel s, wherein a channel has an insignificant anpbunt of content

relative to apRtd\@hnfeaP@hn infighitisan® REHGY oPfontRBRIAMYE1d AV S} mbR Afer! €St 15
dB bel ow that of the other channel. 65. The apparatus according to any one

of cl ai m 54 t eha@pgls.pybseein yphapegl as andneeibliciatprqydl of COReh! ralrbvedA dptby

accordi ng to gNenQfir itNGe§or MsoRlABRRIAP 16215 B bR Bt Jk iR ofifer hagh@ndar d,
the E-AC-3 standard, a standard backwards conpatible with the E-AC 3

standard, t - t d n r C nds. c Lble with
EAnc 66, O L LPRR AR Lo AP BB G BREEY TERUTRIRRMIGES N
channel s of enaldéda avdna@daddiceotdmgftopm aelcoded stamdards daki@tinghetthd ACI13udes M m

channel s of decoded .audi o, . N _bei t he nynber of |ow fr cy effects
channels in tﬂ@néﬁggﬁggAgﬁ%Q%%ﬁgt%?a%ﬁ@j%¥%%?'%“?W@B%%H%tﬁh%ﬁgﬁgalfrequency
ef f ect s channehsdard) tHelteE-decbdadaausida daidard badleyashsbapuihdnPiih BIERGACoNne or
nore processors; and a storage subsystem coupled to the one or nore

processors, sgMaefabm chBuddish 88ouS ar@Nididmbadc1h@s AcE &RhndIO6r ALclie@ dat a t hat
i ncl udes bl ocks of N.n channels of encoded audi o data encoded by an

encodi ng met haelio dxgtodhed decadedavdiostata that ingdndeyMep ghamels g degodedivgiRannel s of

di gi taljpaudi opdat ApeiPhe hEMBLNG 1IRNHRREK P& LRAHADEMnIOMBIL Lyonent and
manti ssa data; and further to decode thé accepted audio data, including to:

unpack and deédaeng pebdingaherayieler dolowi frequstsy sEerts ehaanakeinthesdegodgd apdio

det erm ne tragégqﬁ@%gggﬂ%h@hg s fromthe unpacked and decoded frequency
domai n exponent ‘and ‘nantissa ta; inverse transformthe frequency donmain
data and apply ngtpggep%%%%%%iﬁ%kto determ ne sanpled audio data; and tine
domai n downni x al' PeRSEPESHE LI GCks of the deterni ned sanpl ed audi o data

according to domnnixingbdata for(}he case McN, wherein at | east one of A,
B, and Cis tr ué’l, storage stibsystem coupled to the one or more processors,

15 wherein the system is configured to accept the audio data that includes blocks
of N.n channels of encoded audio data encoded by an encoding method, the
encoding method including transforming N.n channels of digital audio data,
and forming and packing frequency domain exponent and mantissa data; and

further to decode the accepted audio data, including to:
20 unpack and decode the frequency domain exponent and mantissa data;

determine transform coefficients from the unpacked and decoded frequency

domain exponent and mantissa data;

inverse transform the frequency domain data and apply further processing to

determine sampled audio data; and

25 time domain downmix at least some blocks of the determined sampled audio

data according to downmixing data for the case M<N,
wherein at least one of A, B, and C is true,

A being that the decoding includes determining block by block whether to apply

frequency domain downmixing or time domain downmixing, and if it is determined

73



A being that the decoding includes determ ning block by block whether to
apply frequency domain downm xing or tinme domain dowmm xing, and if it is
det er m nestbaptiaopwrt i cul ar bl ock to apply frequency donmeCh/u$eemmRisshg,
appl yi ng frequency domai n downm xi ng for the particul ar bl ock, B being that
the tinme domain downm xi ng i ncludes testing whether the dowm xi ng data are
changed from previ ously used downm xi ng data, and, if changed, applying
cross-fadi ng R aGekRim NEciCh Ay | cH@MUm &Mgnisiﬁ%,aapamlgtﬁéaﬁeﬂésmm n
downmi xi ng according to the cross-faded downm xi ng data, and if unchanged,
directly ti medemHadaveBxie iR hePHESB¥ MK, t o t he downni xi ng data, and C
being that the nmethod includes identifying one or nore non-contributing
channel s of t BeéeNgnhdt fpuimecdvaramedaynnaxing mebider eiting ihngecthadmeimibmigng a
channel that i but . | s,. t.hat .t he net hod
does not carr gagg GQ?%\H\%?QE@&@?%E@TS%%% J]n(gowtwﬁ{e&lﬁ ? g%%gaﬁg’)}f %ﬁ%ﬁdh%ﬁg{ngg and
appl yi ng furt bess-fading esddtergrirereréshrdadod downmixogelaiached tinfeideshaineloweminting but i ng
channel s. 67. The.system accordi.ng to.cl aim 66 erei,n.the transformng in
Che encodi g AeORUTE LB AR TElE DB Pl RSO MEHE B he furt nor
processi ng i ndéige doappixtgrgeorting @wha govamitixg @nlapgxdadd operations to
determ ne sanpl ed audi o data. 68. The system according to any one of claim
66 to clai m 6¢,beIRRRHE Mbthe ihd1tks iRy Ta®ns ¥ShER ROk b thelcBafmbRI M 68,
wherein determ ning whether to apply frequency domain downm xi ng or tine
domai n downmi Rf g Byt ehwsls; § nqntrepwibpdngghoniel beag eeftanpgl dahdges got
processipng, apshudhEMhORS thanddlY, 288 taD@e MeHIBAB&I e BaNQuRiIndELS erent bl ock
type such that frequency domain doyvnm xing is applied only for a block that
has the same BRsERmingghe freguepey dymaetiireing appiping FEHMST RIAECSHALOhBie ae or
processi ng, a%ré\{ﬁé\ﬁtiﬁwnorlgtﬁltl%c)ﬁ%g_gﬂaﬂﬁéy ding to any one of claim®66 to

71.

claim69, wherein Bis true. e system according to claim70, wherein

the system| udes at | eas ne 6. processor . .whose jnstructio et
ol odes. stiaan SSRul R e OMET SnBE B BRbr RS T P ShEH e Rl
conpri si ng veagestan bnshppedttiansiorm,and whkreinahafuither procersirdn@udes dppiping Xi ng

i ncl udes runni ng, vect or i?r}fftrg(gti ons on %t | east oln(i of.%? he one or nobre x86
processdrs. 7Y PR PEHARALPRITHI™E B KIFM BN BRI LB to clai m 71,
wherein Cis true.73. The systemaccording to claim72, wherein n=l and
me0, such t®Pathg pvlersascerding & ywimnagt dug %éﬁICWIHSIfW%%\A%F%eSSi ng are not

carried out on the | ow frequency
69. The system according to claim 68, wherein determining whether to apply frequency

domain downmixing or time domain downmixing determines if there is any transient
pre-noise processing, and determines if any of the N channels have a different block
20 type such that frequency domain downmixing is applied only for a block that has the

same block type in the N channels, no transient pre-noise processing, and M<N.
70. The system according to any one of claim 66 to claim 69, wherein B is true.

71. The system according to claim 70, wherein the system includes at least one x86
processor whose instruction set includes streaming single instruction multiple data
25 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.

72. The system according to any one of claim 66 to claim 71, wherein C is true.
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effect channel. 74. The system according to any one of claim72 to claim
73, wherein the audio data that includes encoded bl ocks includes

i nf or mat iwo 2bhat2%ef i nes the downm xi ng, and wherei n t heCrasedaiifoyisagy one or
nore non-contributing channels uses the information that defines the
downm xi ng. 75. The system according to any one of claim72 to claim73,
wherein the identifying one or nore non-contributing channels further

i ncl udes i dentrhd Wi WRGHRAETo QRE B, WRBLR =hanneks. hay hadiRvdr@si gni fi cant
amount of content relative to one or nore other channels, wherein a channel

has an i nsi gnitrIsEamEngAng aprlyiag fuhat RIAgestivg e nocaitsd HOHES loghissmmencyi f its
energy or absgﬁg&gwthel is at least 15 dB bel ow that of the other channel
76. The system according to any one of claim66 to claim75, wherein the

encoded audi a are e e I..N n f the t of ndar ds
consi sti ngd}ofTﬁ?ige‘/SE&%-afc%r? %gg)agnﬁ)%% ﬁfegiﬁn%@ttg S Iﬁ%%&?ﬁ ; elréalgtaléﬁagg% agc kwar ds
conpati bl e w ireludbeenBEedd@-HBcke mniddgsdnfoandioh et HEindAGe sibamdiing, amind a

standard backwards conpatible with HEAAC. 77.. The systemas recited in any
one of ol o m SEers 6 WPHE: Suguptrh g ipd SRS U PR ¢ he
form of a bit gl @fimeohe fiswmeisingf coded data, wherein the storage subsystem
is configured with instructions that when executed by one or nore of the

processors Bf ThOsRhC&ESinBH S%In8 BF clfidHBRo SRGATE Neherdi€ 1R GERREVRE Ardi O
data. 78. The systemas recited in any one of clains 66 to 77, conprising

one or rnore sOb3gSMERsORFRLing BTl WHIRBACKIe idenHBtioY ReURGr ARS OldBYR
subsystigm i nclpdhfgnAk ah %?gtniffwﬁ aloBAtEF 2 Gltent relative to one or more other

channels, wherein a channel has an insignificant amount of content relative to another

channel if its energy or absolute level is at least 15 dB below that of the other channel.

76. The system according to any one of claim 66 to claim 75, wherein the encoded audio
data are encoded according to one of the set of standards consisting of the AC-3
15 standard, the E-AC-3 standard, a standard backwards compatible with the E-AC-3
standard, and the HE-AAC standard, and a standard backwards compatible with HE-
AAC.

77. The system as recited in any one of claim 66 to claim 76,

wherein the accepted audio data are in the form of a bitstream of frames of coded

20 data,

wherein the storage subsystem is configured with instructions that when executed by
one or more of the processors of the processing system, cause decoding the accepted

audio data.

78. The system as recited in any one of claims 66 to 77, comprising one or more
25 subsystems that are networked via a network link, each subsystem including at least

one processor.
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