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WD 2005/ 094125 PCT/ US2005/ 005605 -1 FREQUENCY- BASED
CODI NG OF AUDI O CHANNELS | N PARAMETRI C MULTI - CHANNEL
WOEOENGHSSTEMS BACKGROUND OF THE | NVENTI ON Fret/gsmins/ 005605
the I nvention 5 The present invention relates to the
encodi ng of audi o signals and-ithe subsequent synthesis
of auditory scenes fromthe encoded audi o dat a.
Cr 0ss- Ref er #AREQUENRBY-BASED QRO DINGIOMAEDIOICHANNELS
appl i cati on ¢ IPARBVETRIOSMAITIICHANNEE CODING SYSITEMS
U.S. provisional application no. 60/549,972, filed on
03/ 04/ 04 as attorney docket no. Faller 14-2. The
subj ect matter of ghtircEPGNDGHE TR INUENTEN €l ated to
~the subject matter of U S. patent application seria
Fieldiofthelnverdionag 877, filed, on 05/04/2001 as attorney
d oq{ﬁgﬁreghﬂt inféHtlof Felates(to Eﬂ%%ncc%?né 0@9!&{16 ﬁ%{alsoclﬂd the sh’os@quent synthe51s of
pat ent application serial nunber 5,45 8, filed
auditery gy oM he cnspdasiandip daecket no. Baungarte 1-6-8
("the "458 application"), and U.S. patent application
serlal nunber 10/ 155,437, filed on 05/24/2002 as
Wiletrensg togktaidded Ap RBagingarte 2-10 ("the ~437

ﬁjlgls% ﬁcgg 1r)5 Claslglg qle Tﬁzﬁt Q@ﬁlg 1}%{&?4 d&gﬁ@ fg&%sz&%t 11cat10n no.
60/ Sdﬁsek?eﬁlqdcwn 0@@&4@@ as @t@nﬁy 11201(6? moh BalleB 94-2 bl subjeet rmrtyer of ths application
is ret;a?e%%”ch@ g&b cht Pﬁjct«l-:r off%Lg &Ent 1 cgmﬂ{ s%?al nﬁl%f)){]ﬁ? 82& 397 fi tled on 05/04/2001

n by Feference.  Bescr
as athdrheyi dockeinm éﬂalksljr(i‘tbu 13ad7 mpdima[tloswsUérmatMW@hbam serial number

10/O§f§ lefsd ?‘Ee% onrlém)ép as a gltng LgocYcé% agxq'qs%?rteﬁ[% 8 Fg‘etﬁe Q% ap%Xwatlon”) and

vance rodu
U.S. rpateh’l apphk&tlme herml,ntunﬁxeﬂli)/ W&B@ rﬁiecf @r 05/802 Qsl}mwﬂﬁy docket no. Baumgarte

2-10 (Qt 27 b %‘ﬁfﬁ% %E(éé’t Batelf applidgtisg "segi&fg‘xﬁwéggﬁﬁs 1%%%?%@%1 on 04/01/2004
as awdiﬁdy d@iBl{e@ﬁtb Bauméarteh]em"ﬁiy 5519!3 Bpliphtio), die téachiagy @Qllfeur of which are
160 Hk%&%g%ggh % and one | ow frequency sub-woofer

6t °the | owfrequency effects or LFE
channel ). Such multi-channel systemis denoted a 5.1

surrou ﬂ syst There are other surround systens,
LE@%&@H—%Q—Q—%—?EgQén regular channel s and one LFE
channglhandfluddind a(idi6 @ysfe%ﬁllh'aﬂf beSh AM¥BIdSn BRdiciNRiekTEr years. As
channel s . Faller and F. Baungarte, "Efficient
techp@ﬁgyel@é ﬁ(%vgpqegnﬁ hgs b§f%‘fei aéi[ordg‘g]a it PregisE ﬁ‘@dtldcshaﬂ]gel surround systems for home
use. pfdd%ff @ﬁdl'laslystelﬁ@i[r@ ARLdy b8l dsORome thEdd syé,@ern{ss'h@&ﬁ@&m&gfa an ITU-R
of Proc. to Audio and Acoust., Cctober 2001, and
recommengzgion.dhe gasHmporitp g thgeersygoms Bpﬁé@ﬁw regilgs augig phagmels and one low-
fr
eqtﬂ?l% %L%&(?O%ﬁ%ﬁﬁﬁﬁ?@d?{&%d%@fg? f%o flsffé%%(& ﬁFg changel) Sul\%l >r/nult1 ~channel
syste;_n@ Gzienf(tcfba 5.é @mrrqned sstent. HéleB@E qfhgyenrsound systemst gk mi béseven regular
t I W ce,
w08 e 6 1 S A0SR LR D SR
t e€hFaltsn gnc(]? daemeaty, (hfficient BB semationgy spatial audio coding usmg perceptual

parametrization," IEEE Workshop on Appl. of Sig. Proc. to Audio and Acoust., October 2001, and C.

Faller and F. Baumgarte, "Binaural Cue Coding Applied to Stereo and Multi-Channel Audio
Compression," Preprint 112th Conv. Aud. Eng. Soc., May 2002, (collectively, "the BCC papers") the
teachings of both of which are incorporated herein by reference, describe a parametric multi-channel
audio coding technique (referred to as BCC coding).

Fig. 1 shows a block diagram of an audio processing system 100 that performs binaural cue

coding (BCC) according to the BCC papers. BCC system 100 has a BCC encoder 102 that receives C
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Fig. 1 shows a bl ock diagram of an audi o processing
system 100 that perforns binaural cue coding (BCO
wa@easngiieg to the BCC papers. BCC system 100 hesT/asBag005605
encoder 102 that receives C WO 2005/094125
PCT/U82005/005605 -2 audi o iput channel s 108, for
ne f on1eafh of Cdifferent m crophones 1
a

oud B 0819 D O AR P 4 gierehmicrorbgnss dPe- BCC encoder

102 hire dowabfhic? 110) Piich€BARAES d AR idhulBHABnALiEIoQ BB audio sum signal 112.
SI nal 112. In additio on, BCC encoder 102 has a BCC

3dditiong BYC engordeml 0g daes B e gnabeer HdeWhishigengiptes BHG @ggpde data
strea:l’ril-ﬁ 6/ 18f tht hﬁn&t EibRH1s. CRATREE Sue 308 Meféﬂ@d &)oclg §§dlfoﬁl stene parameters)

referred to as auditory scene paraneters) inc

inclydgiter-chpenshisyel |[diffesgnce [IfCL@b addater-¢hanp) timp dlfference (ICTD) data for each
c
mpulk ﬂ%gltﬁe'l . gg%g%ﬂy}ek Ty %lrr]fg) ysrz 12&?& %:s%él ggp% %ﬁ: a%gér%g e and ICTD data for
cachf gaeersherg diffsregbfiequanay shichbidda (eck. | diffiend atiticat mnds)evd e agdlio input
chm@g@_or nore different frequency sub-bands (e.g.,
ferent critical bands) of the audio input
c h EibdnsodeBOR teamsmdesuni GHghat 112nedrite BCove sodpndata shiéd@n dbd(e.g., as

elther - Baglﬁcr m%eog cofmc{s §idsy nf31 al%%t{ogaé\lv% ﬁ?sg?c&,g({ tg%%unwlgrf,?% tg ggﬁ decoder 104 of
BCCt @sﬁefﬁﬁﬂﬁuBCSil dgeraie) 1(I4Chaaa BdCintematitarprdddgdoni 18, BGICh pysEsRen data stream

100. B oder 104 has | de- tion processo
116 Brgiovi Hop it s LAl a 10 BSHCT R Rbey o G cBipd aaloo bas a BOC
synti¥sleeC12, WRIOR Ssed 3 ré®véred BCCLER qvagk 1201 ydakdle C % output channels 124
decoder 104 al so has a BCC synthesizer 122, whic

from wasigmbl Rdergrdesine BOE leusercalsael61perettiively nt hesi z e C
au g\u@m%&o@kbﬁng%?ﬁ&ﬂ@b@ cahdft lm]f)lﬁlﬂgﬁt@&{m&'cgﬁ@it o% iln%ltf a{annel audio signals,

rendering by C | oudspeakers 126, respectively.
such/g di lcﬁuppm@esgmdn dn pyrtiewan dGumixen 1Hkof] Bﬁﬂ enveder 462 wnulﬂ lhenvert the six

1npug %%rggfu% dtqs v é&ﬂaf A li‘@%?(}% é(fh% % ez Ig\%‘g] %]g&lar ch%%%lik -lﬁgrgég% channel) into

Sumemuddéz Wdﬂmmlm?Q)mibecﬁllﬂ hBersbder 102pafid trkraftmmlth:e ©f input channels

oG 98B SR B 65 S B, s
1nfoﬁﬁhﬂ1bﬁ p0essdAT8 aNBCY dedodd1 4 fouriitenti@ thelBCC ‘éﬁﬁ'ldodes 120 from the received
transformthe six ut hannels into th

e frequenc
side GRSFETHOR BregB A pe e B VB bR OB Sulad Bt g atorm th received

sum bibfal 149 alt@ 8 BshdencPddiRie 02)iaphio EHEQ&doQ&e@B@@ R85 & ded 1D t8the sum signal
BCC decoder 104 woul d recover the BCC cue codes 120

in the figayenpednaiio seprerats sigdreppmey fanpainvienstss eure g sfogn ghose frequency-
domBEGigBYN IR Sk ARk da%zm%arﬁil@@ Gﬂﬁzhth@s(?ékd\&q%go&n@so&ﬂda(ﬁ‘éf ¢ Bynthesized

the received sum si 112°into the frequency

reguing fanAcls - 2pe syppiesiz Ercéﬂewb federexnahydoudsprakers 226.t o
the sumsignal in the frequency domain to generate
si x frequency-donmain signals, and (3) transformthose
frequency domai n sSUMMARY OFJTTH RNVMENTHONomai n

ﬁﬂm%ut?c{ 0 é&%}%ﬁé tl%géj %1 gdu% nrtsro+ nﬁ)réc'serli!tn eg{lon In\éolrxii VBCC-based

synt esi ze ar channe e Eynt hesi ze
paragletricraedip cbcbng teémkmeumg'hioy bdtmil-hd@modmg%ﬁnot aetVRYw-frequency

sub- n%f:gxl_EFLE ghanng % uSCH(té{él)l \;IE ov8 tﬁ({fjgﬁ(%qtél&gcgs For example, for 5.1
surr@CTshascBCC paﬁm‘mhppked anigll gx cimdmal‘sgl t.eihb Avepegulachalmetstplus the one
LFE c%anneB ?or sdb @a%%s 8 cu? o{% ?reque EI?e 158C Ico 1ngf lrs %p H t(}/ only the five

regular channels (i.e., and not to the LFE channel) for sub-bands above the cut-off frequency. By
avoiding BCC coding of the LFE channel at "high" frequencies, these embodiments of the present
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sub-woof er (LFE) channel (s) for frequency sub-bands
above a cut-off frequency. For exanple, for 5.1 30

W@ mosoeiads sound, BCC coding is applied to all BECRUS2005/005605
channels (i.e., the five regular channels plus the one
LFE channel ) for sub-bands beBeMIthe cut - of f

inver{;’cr %lélx?q,n@g{?flvmh%%g%%ggi ag{s Qt %%ip ?]ckife (%c?ef;?fg: %rgga) smaller BCC code
bltshféhﬁfltéh@rll éorfe@;bonﬁﬂllg BHEmB%ecB@@%h ms ﬁﬁe;gWEs- abif sfix &faﬁxﬁﬁlbﬁd’t QM fred@iéncies.
I n codi ng .of the LFE channgel
(et rasy ﬂ?erﬂggsgg"e‘ﬂ’beé‘ﬂ?l}fﬁmlgeséli‘e ¥R CaB?‘b%féﬁfa%Vﬁ‘c audio coding
techrﬁ@&&/ &&M@E&M@Bﬁ%i 6648y limfed 16 BEU dodihgWalNe&e fwh)or more different
reduced gr ocessing |l o ?s at both t he eirgcoder and
SubseiR RiGHR! CBTECIF £)° REPREPFR for BrrocBYe iSRS e Ttegh As used in this

specBREHGRS MO Min”’%b@@cnﬁ?&ﬁ'& t@ﬁféfsarassntalhag aP 6%@ ﬁ@uﬁdﬂan&l%s well as to
hannels at all_ frequenci es. enera

t he
thoswregfé ebspts thehiekide fawgbibgnal ?ﬁffbe lablﬁw Fgels- oﬁheoapphcaﬁon of the present
1nvelﬁﬁ‘)ﬁa@§b@ Rdiagdf 91 eaéthg surtr&fﬁh Rl %‘%nalﬂd% t Sive ;ﬁg:fcular example of the
codin but not necessarily limte CC codi ng,
presqRhBWeORo or nore different 5 subsets of i nput
channel s are progass efsCRIPTIOR ¥ THRDR AN ent
frequency ranges. As used in this specification, the
t ePrRer 3 PpYD tfea%ﬁﬁy apddapniagss efibe pretencBYMEPHWHEpespthe wpre fully apparent
t ggm&ls
from tﬁ‘eefo'lllgwﬁc% ljlgtg ev\ﬁ?lpﬁﬁ% \r’gfé Jppéﬁl]g& aﬁlreﬂs Ihcl%g g%e%gﬂ&%an ?M? %ﬁﬁlgs in which:
a p51g+ t shavisre béﬁcktdmrqm oanrdio pregessing aivterdhBEe fowibingurst cue coding
(BC éb @nd other surround sound signals is just one
értlcular exanpl e of the present invention. 10 BRI EF
DEB@RI Fhpv@N bk TidgraDRAAN @GEo Brohessing systeot that pedatmsrBES coding
foth nvention will becone
aumﬁﬂ%%%gx$€£&gﬁﬁmﬁgﬁ%'SF%%&%?ﬁ&mPOIIOMAng detail ed
description, the appeDﬂEﬂﬂQﬂ@DEﬁQR@ﬁﬁ) ¥ he acconpanying

o S et ek PRERF B Rehl 100 PR ARRS offralcuc

codig @AW for(BCkurouadishdid adcoglingdo sioasbodinhDsfkhdipragheifvention. BCC

an di o 0CEeSSi S em t hat perf.orns B dj.n
T CUR AT Nl .
chankEtd Md dale 1IPEIGRIR! BNCRinBode22RNMaNG dwihiRg 16l vAEEAd Rlts (e.g.,

an audi o processi ng system 200 thatagerforns bi naur a

avergage theawidigrytghunel gnclnding g LFE Ghramel) it one K8 819F PHdews than six,

comBR& &uhreisent of the present invention. BCC 20
system 200 has a BCC encoder 202, which receives six

audll slditiop BCG aasden 292 20 BEC enalyzet 24d, whighipeneratsh ikdug code data
strea%6%hé‘ﬁ1 tcé?x%}{éﬁl )a 11%’(6%% 91 ef f&Qfeq %y QJ g%\ﬁ@mt)&el%elow a

converts
SpeC(ﬁﬂ:d nmtedfﬁfréqunndylfd iBlﬁlgi atnhhrzdr PES adaaaihsk 3.1 |sm1ramnd lsemdnnpuoc}mnnels
(inclu ag {he E%%@:lé r%hgla %en%%gé e a an 0 edgf%’ia y %cérr algciﬁer (i.e., high-frequency)

sub W‘mlds; mcgmmyaéram B&E oﬁlyehdﬁxtéee@ﬁtr ahannds @hd eatrtheIFE lafnel) to generate

the E%(&g %gqggédagzg g‘ggglﬁgglt ﬁ‘? lg{ﬁdabc at ﬁ; ’{rl%utlgis gCCzcdes%cr)r only BCC sub-bands at

or below the cut-off-frequency rather than for the full BCC frequency range, thereby reducing the overall

size of the side-information bitstream.

The cut-off frequency is preferably chosen such that the effective audio bandwidth of the LFE
channel is smaller than or equal to f; (that is, the LFE channel has substantially zero energy or
insubstantial audio content beyond the cut-off frequency). Unless the frequency sub-bands are aligned

with the cut-off frequency, the cut-off frequency falls within a particular frequency sub-band. In that
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specified cut-off frequency f , BCC anal yzer 214 uses
all six 5.1 surround sound i nput channels (including

wo b@sksH28hannel ) when generating the BCC cue POLI®S2005/005605
data. For all other (i.e., high-frequency) sub-bands,
BCC anal yzer 214 uses only thed4five regul ar channels

R Rt Shenn ) e TR e B T
sub-Bd is pderedfto s gy aB@ke aubfiBratscyatn §Qf@fed Bﬁb&dﬂn&ﬂiﬁ that entire sub-

-freqg er than faqr, the ful
band B0 PGB Rt Bt et Heausteyi b pandds t fi high-
ﬁeqﬁhﬁySﬂtﬂlﬁhndﬂfaOfsﬁﬁfBQGcbdletdStream The cut-off frequency
[ referaply chosen su%h that the effective aud

b RFCROSS bl YRl patetiong s BGE cup Gocesop s ictrabang! gl lifference

(ICIII@ fnte(r-fchlﬁlhell tfme differehdeICITRANARY 1nt9ﬁ§1aﬁkéb§6ré[hﬁlbﬁ1klbﬁ) 484 Bor the input
i nsubstantial audi o content beyond t

changgls. alﬂ?’é(afizi éht preferahly eeslormpband-based erpesrsiay BRalagAesto b deseribed in

the @Y7 gHaess 83a'§FH‘éathst B %el’i‘e‘rléte it zfnrdquﬁ REM Forl d¥Eer& reQlchcy sub-bands of the
fre uenc s within ag}artlcu ar frequency

audig M%ﬂelq rintaﬁ@tlowcm 69 2195 PEbhUSROAE) CHSENS meagures as the
ICCQﬁéQor RekireRht ORENSY %@g ’#I;elsé co%él%ﬁ(f%qﬁeaglﬂgs a%"&es%‘tred in greater

uency. For purposes s speci fication
<hm§W® dﬁaané59bﬁmﬁWémﬁ¥o as being "at" the cut-off

bag&gﬁ@?ﬁ){%er IZEZ:EM:S s 'Eﬁ%%ng gp@%g%ﬁ%? J ISGZEE ar(cf’th? BEC cue code data

channel T's
stredm gHe(e.of, reejthenoybagd or dibarsl stde enfﬁnnra&bn imtlg tespdct ©dbrecompined

channeg % rﬁl?é ??08%61&0 %E@g%%sgegﬁj g@d éagtc} %eg?{}ag %&Pl?ass ia kgldg-information

prodessbell&,‘h'hmh ptoctsvadataliteirt b6 Recofdr Ghd BCC bt ®desA20(d)€] ICLD, ICTD,

' tf nc and_ inter-channel correl ation
and [ RSO ECE Fe3p0a A Rl RGP G5er By Ry Ghe 1980yered BCC cue
codddr22b e Fhth¥sipadii AdS RN @hﬁﬁ@@ﬁhﬁ&?%%h@& RRALABRKS chéhnels 212 for

that described in_ the "877 and '458 applications to
rendgepgbytiesyrouns-sed lampedisers220oiesngr el ent  fr equency

su biistlﬁ‘cﬂga?ecpig FEZQIQ B@@?&rﬁh&s Py Q@&Hx@ L3 :chidheOislEl E}'in%sm for sub-bands

BCC anal yzer erab y ge erates coherence
at oedosyithe sutag"f frmelmﬂ iC@erfaatafréquendylventditfforeatlesin 5.1 surround channels (i.e.,

1ncll§cfellzégt?{|§ Eﬁ% cﬁérl#nal?eat K I‘Per-ﬁg‘ﬂﬁr% @Qﬁgﬁﬁ%%ﬁ%&g %QI‘ ggbebands above the cut-

off figsptricy 44 gevnmte BOGewNcotert faOAlytthaftertgdarchamnenef Ht surround sound. In
part ale B‘E%gﬁ]lgg 17ef E?f‘ Qeeclorsf‘lp?zsrlcléz the I?e%mt hde cc?rrb%cneg u]?apggggéﬁgl%% a number of

freqs@rxdg subrifandn@@tg, (Imtltml bindse Ipdete sub-badde, differbit padessing is applied to obtain

e GERREH) RS0 B s SRl T SR04 et o

sub-winide With fiegesses atdﬁibaloﬁ’tt]ieﬁc&tﬁbﬁf fﬁ@qﬁeﬁcy’ £€ OMgihed. hﬁ oﬁ@@v&d@ the LFE

codes .22
charfpRE1S Sty sonlsh AR 1o sl S@d@néw hBelos g ztz%} IRy (T8 gpper sub-
bandshf tHed FBVREER] BECHD€abot Ot SutdZOfrdRerty MniESd AR Sith zero signals (if
audi.o output channels 224 fromthe one or nore
neCeSERBi ned channel s 212 for rendering by six
SUIDep g&ﬂ%ﬂﬂpdr@&ﬂa%ﬂﬁﬁl@ﬁEﬁat%%ﬁa BEEIRRAL c%@l'd%e déened to generate BCC

i ndi cat e synthe5|zer 222 perforns
cue ggdes {onak freguengies’ dHARlE pet tepymitihpseisasdor patichler sib-bands (e.g., sub-

bandR@bOW th@&t-%ﬁtﬁ‘e@{ﬁéncg/ LEAYEREBardds hin 9§£rﬁ‘1taﬁy E&@&}éﬂ}]f‘f YSimilarly, the
content for all siXx 5.1 surround channel
corresponding BCC decoder could designed to perform conventlonal BCC synthesm for all frequencies,

where the BCC decoder applies appropriate BCC cue code values for those sub-bands having no

explicitly transmitted codes.
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i ncluding the LFE channel), while perform ng
five-channel BCC synthesis for sub-bands above the
wa@ 205/02€125 f r equency to generate frequency contBOL/USZNG/005605
only the five regular channels of 5.1 surround sound.
In particular, BCC synthesize$- 222 deconposes t he

f  Altnereh SR yEmta e Soch afime i s R of RO gcogers that apply he
teclﬁiqbeshﬂ‘ Iﬁldzs877jdnﬁf'4ﬂ'83@f)h@fl6@8&5 §Ynﬂ@51k§auaﬂ@4yls§5ﬂe§ €he@BdsantMnvention can also

be 1%1}%]5{]?%13 mt {ﬁ%})n?eggﬁﬁ}?cé éecloﬁegft g'ffa@Pl}’: ¥ %u o g}lrn?hesmmg auditory

scerfeB it do&wbn&ﬁﬁbdﬁly&iblwdmfﬂieetedlﬂfq&és&ﬂ t}ﬁt‘Sﬂran@ eise\apd;ﬂia@nons For example, the
BC(EUt-Of'f f{{gFuenc ar e, obt a| ned, In

PecesEing AhOF PSR fveRfipaisey b gwleatspte WFt?OUftcS(PT]%’JSLBaﬁH%OT ICC data,
wittdr vathoRtigsihif®leCout vafek, shEeRUBNEMmpIENBodeRBREiaiH Krith head-related
bands of the LFE channel (i.e., those above the
tranglfgg f0pgtions.r equency) may be filled with zero signals (if

ne%ﬂﬁ%hﬁbdln{%ﬁt 2005 NGurfiind BRndRlhédabl 8 applyin s1x ~-channel BCC
i npl enent ati on, CC encoder coul d be desi

analyghorsgb-Sagieat Ordq?@%@a e&-afbireageney P?beé‘{fecrhém@!sgﬁﬁ @nféywdp yub-bands

abolt0he &[t-%ﬁsﬂgqheﬁcp Offanb eSS RAImdRR kel p?éélerﬁ rmv%Hl}?ontb%H g§ apphed to 7.1
., sub- bands above the cut-off frequency a

surr(g\g@_sglgh]dg whiolhi cight-shangel BHG g{a}yyls Fgapghquﬁ@ Bpybands at or below a specified cut-
Iy I -
o S oy AR B S Mg
bandsrabovrcthe pwoft fraguenrcy. t he BCC decoder appl i es
ap 56:G -

a\rilrh% gfésa{t %g@ex F1)1| clldgl {5? 9§ %p&ghgﬁ% @%dtggﬁg gaxﬁ%ngr"él 'ﬁ%ﬁ one LFE channel.
For _gm@ﬁeo Qtl:]lga sEEaUnd3S2085 t\m@ec&snnel- BC(AIandilysngmutdibe appled éndub-bands at or
belo'gg% %’g‘éﬁ‘g‘pﬁ% g)?f @eﬁp?ncg e\ﬁf? {eltbnec%%%rlleafagg i {/‘%1% e%GI%J?I}gBt%CHNO LFE channels)
coulddb 8prdiep te odhttandsabbee thy nﬂtMi‘sﬂrezleermmdAttmgmslyemas cotild®e two different

TN TN L —

souridnd sguohd extrioff Mg uanegiforahy secoidIRESchimia. Id ﬂn@@lse and assuming that the first

necessarily rel on the tec qgues of 877 .
cur-BEETER # ate e s rore i beihta releehRaS s could be
appma‘d th Beb-has &k belewem iﬁr@trbuf—aﬁf ﬁb@lehwp El@@%@ﬁel@@@ @hmysm (excluding the

D, and/ or w thout othe

ﬁrstS[(FE( ‘iglﬁﬂﬂgb&@éld bg &@gled §qﬁﬂl? b&gds ‘q;aé ﬁreé;()aqlfﬁyeethe qafbg)é-off frequency and (2) at

or b@l%ﬁ/QHd RbEH -6 flegaglcy, @h@feﬁ-@hanhélm fhlyki @Eh@ﬁ@ bothFE channels)
t he enbaodi ment of Fig .1 surround sound is

couldrbe gprligd iy sukpands *ﬁ’@"“s‘ih? SQ,CH%%PHI@@}‘@H% alysis to
SUlR;RANRES séthe Dnsiifdr %‘Mlﬁ Benfdt tqRrhent fs%%b% d@fkqed wﬁh different output

five-channel BCC anal ysis to sub-ban 10 above
chagngis haying fitfsepubfeqprendyrianaset Fus exarin somehi surrdyad pruad equipment have two
IcH
rearwj?ﬁglglts 't}ﬁp ?]1? @E%ga}ﬁeggf&g%%g%etn ysefhgélilégag g%p 7§]§ Y n’ﬁheI ﬂ?esent invention could
be a@nﬂtﬁdﬁfaw sytenes bylrePaiying twp eutdff fuengies: gtﬁef fOf the §EBebapnel and a higher

one ?ﬁ%&%&%&uﬂ%ﬁn @zﬂhlsEﬁ %m(rﬁlhl;]?)é(g ng Ad ép ?}ﬂ)‘zle(ﬁl %l sfib-bands at or

channe t 0S
belaythe bFE cwcszqﬁrequ@yqy, weclpnm BAC anadlyenfekdndicgihe HFE ohdneel) could be

app@ﬁglﬁ :s]%qbagxﬁi%gt":_agg ng )%%(%n% lcél‘éeofdftﬁc}{xlt-n% ﬁggléagcr:}; egl R.’é)oag gr bLegow the rear-channel
cut-bffdkyench amhiateeBEGIRNBCE ahaysiyqettoilidive thpPFi ettinticd and the two rear
chansn%gj g’o%?éjk?e a%%ligd’ to sub-bands above the rear-channel cut-off frequency.

The present invention can be generalized further to apply parametric audio coding to two or

more different subsets of input channels for two or more different frequency regions, where the
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bel ow a specified cut-off frequency, while ten-channe

BCC anal ysis (excluding the two LFE channels) could
wheooappiieed t o sub- bands above the cut-off frepOENS3005/005605

Alternatively, there could be two different cut-off

frequenC|es speC|f|ed a firsté-cut-of f frequency for a

han t ound and
pareipg R R G B8 Tour ) DU R B B g ! BRRtairosions ae chosen
suchlthat thei feeqeare c&rﬁ%t&ﬁﬁ‘dﬂﬂiffh@enlt ptit dhinnelsiig ﬁﬂecZeQi it tHeséxkegions. Dependlng

o o GRS HER E S RO A O LTI o, o

any Siithblb agitlisingtiongr Fdrekaplé, h@N-ﬁﬂeﬁL&hc)thhn&fsfcoﬁlﬂ%G dRdMEdéd from high-

| h | | di h LFE
FeaEHBP)” GOUT ey Bere S Beaesdiim oy regions. 1

may ab@nv& thd@sd ihasio sﬁﬁgﬂe ﬁécfueﬁdyeegh@nﬁvmaaa dil 62the &Hput @ﬁmﬂ%ﬁ' ow
secogd cut - freqﬁency, and ten-channe

B ei°E f(deezeml&bh g'tsehthe pipubtharicls 208 CorgR B to forma single

com&ﬁ&i (@9 niRoPeanA NS PhRUALT IS pREEAAHS! Uﬁle Riuftiple input channels can be
frequency. 25 S|n1larl , some consuner multi-channe

dowRrgbrFiPefAtm 1760 §uReTe §€feyena eembined| chpnnglsgiepensiingn thanagisular audio
procERARA 1§aMV 'N’Igre %tfnfn%”tﬁﬁl bn R Qédﬁ‘rﬁ&%s LA RG8undRR U S. patent application

exanp .1 surround sound equi pnent have t

no. 08fp 1 1%5&@@]{%@4 Hhedeagingsyr adhichare ingoresdeiedhaein yy reference.
fr m%%s&n}eﬁdams%& domﬁg@ﬁge%ﬁgﬁtfé ﬁwﬁpfe'ceﬁabﬁg’&%hg?nels the

be applied to such systens ecitfying two c
combinedahernsl daja cale tfapsmitthdusireooveational aslindtransinisgihe techniques. For

examp?, v&Ihlat? W@, g&@%ﬂ%@ s a}e %Qﬁéd G %blxstecf\&atp%gllngﬁ%ﬁechmques may

ndl'ysis cout 0 sub- ds*at” or
be abplhé berempdayed. oInfthfs rcwu:ehegl dedoidereag h:amqmnd B@GhaB@Cycedes to synthesize a

e 58 B 5 R A SRy BB R Bl ety i can

provaiedbac(@()archtcompaﬁi&hwywhdn@the ear BCO aom‘mhed chtinetifake played back using

S ATy 5 BORLIR L S0E Lo s
commﬂ)ihtyachntlfa aShibvdd&'ﬂrCtScoﬁb@‘ﬁ&ndl hend @a@bde@ Raenebingle BOCfcbmbined channel is

re nc re ent i nvent be enerallzed
eenct i (RS F. P g et A Pl CEDRt S tlogs b megs of the
comnmwc}anﬁemﬁ@ucmupsebﬁe@én ﬂnﬂwbamﬁ@ﬁaﬁhﬁem‘ or two or
nor dlfferent fre uency regi ons, where the WD
20 SO PE Hscame n@ﬂ%?&%\éﬂlﬁ@fﬁb@p@s as audio output

char@@EiiR Qlt&ﬁ’dﬂvg e&ﬁocﬁfn@tﬁﬁ th RibBS 1R A Wuld R either greater than or less
di ff erent frequency regions are chosen such that 'the

than fheaimbercyf U ehwnndds, denvadiag e e erticylssaplicetiem rﬁﬂr sxwle the input
audib 86l @EREpdnA 4 hq%ﬁrcgﬁg's&ﬁ% andER Jéﬂed &i@pd’c Qlﬁil u&)d correspond to 5.1

particul ar application, differen hannel’s coul
SUITQURE PRI OTIVIGTHERRS f er ent frequency reglons in any

s i k1, BRTDL RO

channe{e S coul é(;xc eulggsgnf rom % ??ll%vﬁn %g%gt%@ﬁ%h" context of
convierigis dﬁmpa&@ﬂ@rchmm-gh-lmtp dbpeerhingd gltmd@hmlmd lode ramore correspondmg sets
of B@E%l)ﬁjeq exthr% MQ]\y 2q.WSf1r{1? qié/egé& dE:ceo%rg %? the Hesen??r%e 6% ma ? implemented

e case t no sin 1 requency on 1 nvor ved 2 art

in the forttdxé of gﬁl)@tatlnglﬂ nn’@h’s&udmhm}s rfnobﬂﬂe N Icemlmoefsduﬂ;o channels and the

corr%h&?i?n Qts to?%C@c%H%&)%ﬁ?rQ 5}%5\]5 anzd%m A oe) tge ??glﬁ r‘?é Pr %%grentq:ﬁ)m M.

al Depemdm,g\oe thenper thowkan ura;tlemﬂSatloh,l'tBe vaulotd gigralsireqeited and generated by both

o BRI SR e B R GEL oo i

digitplasigna B libéludiag 6l Gnaldl LD ARHSN NIthafdN dofsHolvAa FiDI, @hose skilled in the art

i nformati on on such techniques can be found in U S
will E}%ﬂreé:mte ﬁtptp? aug Gr gppre combined channels 212 and the BCC cue code data stream 216 may
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no. 10/762,100, filed on 01/20/04, the teachings of
whi ch are incorporated herein by reference. In sone

wOo psepERr: at i ons, when downm xi hg gener at es nuPCT/pE®05/005605
conmbi ned channels, the conbined channel data can be
transnitted usi ng conventi onal7-audi o transm ssi on

& S AC R ADS GiomEbariEe Pecpe Gl qievods 204, for

exarﬁ;ﬂé,fbﬁﬂ;eﬂld;ﬁ%orﬁﬁyppl&arb& @hipfesdich RBerfdRleQ VWEPPCMIYto FiltthSr reduce the size of
BCC decoder can extract and use the BCC codes

case
me?%ﬁ@?ﬁ?ﬂ%%ize a multi-channel signal (e.g., 5.1
S UMThe WefkhiS@LbTdkndhieHort 4Telat: WonCHOD bRBHr 2 RBES decoder 204 will depend
Moreover, this can _provide backwards conpatibility,

on tRghaFteuteR éPPt]’ﬁﬁ‘OB@éaE‘B?rﬁliOﬁ@élm% HAIHEA09. Kpieexanpl Jn sepagdpplications, such as

live Hfohft@sts 6PRAVENEIRAR, tridsmBsion RRAY 1RGR Ras g trﬁﬁsﬁﬁﬁfén of the data for
decoders that ignore the BCC codes. Anal ogousl v,

lmms%wwa@k a&%mq Iorationy Incoser pepligetionay traﬂsmswa may involve storage of

the &W@DQ&%thé}r@ﬂi@ab@ee&& a0 &ibSdqRet: . eB%bn- Fegﬂ@lh@%qjayback of
channel is 20 generate Note that, 1n theory, whé

coursq @FheT applcatigns MpY elso bapestibled” channel s, one or mor e of
theye %T{EI o%qge mll plgiﬂé{nt%ﬁﬁl Uk {r%ns %%s&gﬁéﬁﬁnay?g%be wired or wire-

|nd|V|duaI i nput channel system
less hlaiﬁ@nﬂlhfe%‘@mzeﬁ @hBfendarstized mmt@OISr(plt IPthﬁrdle lixe €5, BYB; @lgltal tape

recofietPLid sogﬁ] %@%&n rled cé%] bte%rséhat%f &@ragemiﬁ) g&dﬂﬂ?&t ﬁans}nﬂgloxﬁ and/or storage

nurber of input channel's coul er gfeater
mayglput pegiguot, urtvémietch@nnmﬁmg Similedy,pithough direrpeéssnt nd&ep@cmdlam Yeen described

in thg Eoﬁtgg oP@%Ml% 1@ rs?[sé&% Jch%%t Q[kgfgd} 1r{fcgg arf é/?li]ﬂlrﬁjgigfstan@ gla{g:ﬁgg}esent invention

ouI respon round soun
can alheb@mtelmsted @dthe gbipent ofarcliog aodiv bty suek pmAnM rbdio,FM radio, and the

s B BT Bon oo SV RED SR sy anaddiional i

lmndMWﬂhemeﬁmﬁemﬁmmkhmﬁ@hvert|ng M i nput audi o channel s

cor PEBOTHN BB E O Go U A B BRDons,such as usi
repr&lumnbra bioytdcabiGle, @k&ﬁeléﬁ{oﬁy oFortelsaan;ﬂé QBEtsehi i @AtidrDdAn msamﬁemented for

i ed 3 xt of generating P outp
dlgﬁa(}gﬁla/ c§ nWtﬁE 550 ach 8,301 SERNFHAGS GfgM. Other
applicAons GEIlUdR SfBﬁEl diergp, SPStIN &fot}ﬁ%lm&%rké’\@tﬂﬁc% i NoroaddstRg, and

may be the sane as or different fromM Dependi ng on
Intesppfdadiar t i cul ar i npl enent ati on, the various signals

I eERbMA fﬂ?@h@&?@&ﬁdf %Qplﬁ%tl&o&k‘fel%gﬁe&ﬁgﬁgsecran 202mABLARCEmbed the sets

decoder of Fi be an% sui tabl e conblnatlon
of BGE coderiinlg agpabined lttcaawh@vgﬁ& g, SIanhlcqf@hfmﬁf@elﬁmventlon The

avalﬁﬁﬁltyp&“ aﬁfl F@r’hbulgﬂ tgé}fnﬁfue rrﬂ/ H«%QH(Q Rt RA% uﬁﬂﬂ\’\@h t'h@pei: cgﬂar :

hose ski appreci ate t
Han@ﬂ@lwstmeenmrmﬁsmad éqnélmﬁe@% smai Borgxarhpde, B@@r@g@lafodésgltal radio

5
broa_qgatsg%gs\%safﬁt heﬁﬂo@t ﬂ@%\ g}p%iza%g%&ﬁ)ag Aﬁlr(]:igag eﬁ%ﬁlgégg) g {anQeSI‘ggcllser portion of data
packsts) thetpoimipied by Cd@@nﬁdmdl l’bgﬁl\BfSC_Tdie@otdénO@@mts danbe used to represent the
sets ?f%ﬂﬁ&% &E%?:%%g{ng{%%sstg é/?l@ r%re Céeig{aﬁ eﬁ%r@%‘ﬁ g e &?ﬁ% 1nvemt:’ion can be
implementedusintgeay dmmle tdthmiqde far mate'rrmrkmg of malivesignals |110Wh1©f1 data

er 202 t
corr%g&%nag tg nﬁe setsiof pd; ér% seEtfe é)raragqp peI'rs ag%f:m‘% gig%df 1ntgjlael %ldlo signal to form a
BCCbsngn}da skir regarsglsttmm: Ra@ﬁhlqdée taneiX @i data Hiding oder perceptual masking curves or

icati such.
data%?cp ing in pseu o-rzindom n01se The pseudo-random noise can be perceived as comfort noise. Data

embedding can also be implemented using methods similar to bit robbing used in TDM (time division
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live broadcasts of nusic concerts, transm ssion nay
i nvol ve real -tinme transm ssion of the data for
wo mvsapaL® pl ayback at a renote | ocation. |n oPOEUS2005/005605
applications, "transm ssion” may involve storage of
the data onto CDs or other suig-able storage medi a for
bse uent .€e.,. non-real.-ti cou : i
multigfey EWW%E{“%%HQ"’F}%S% e b&%&?@ e te%lqeeﬁé% awSLSB bit
ﬂlppﬁg, tvhae pRMédsCdigraficantifitsefeiiedto tﬁiﬁsmﬂt Bgatransm ssn on
nel s be wired or wire- | ess and can us
?F%Pﬁe%eélam ?nt@flémaiﬁ grolemedas GEa sbped pgocesaeﬁa)mclm pgssible

implénh&ﬁat@@,on R¥Rgledh@ihartl clraBe Ad RN BiIpBare@éloekilldd §1tA¢ &+, various
ries.can be use? for storage. In addition,

meno
funct{os A€ Y QU R AP OrglemeREd as MQFESSHIESIFPR e software program. Such
softwaé hnd§lBe &RF167HRIin Cf&déxﬁﬁl lesh izt klghal pAdcbdIOBRerd-Béhtroller, or general-
pr esent i nvention has een escribed in the context
WHW&F‘HF@F?%I audi o systems, those skilled in the art

W' |The PREGE fbaidn thebe doRaREES @B tordY @RIHo and ApS@ftut &R practicing
i npl enmented in the context of anal og audi o systens,

thoseéeeqh TRR/Pes#ITt S1vertin ap plso begiebodisd in e e 95 progragneoge embodied in
tanglﬁ%&ga t&dhey 'fl%bﬂ)"dlgﬁreﬁ%d @@SM)MQ haﬁﬁﬁﬂe@t)r éﬁ@l' ofEr RHBRRY able storage

the inclusion of an additional in- band |owbitrate
mediprig prereins When e BIREEHM cofhis lprded it and syested by a ceaehine such as a computer,
he nlaBRINE d i
e SR o DA GE 0 AR Y EA S
embediethiplts forth of proggmimods, rﬁozreqmmnipp vdethebgoredrnl aestarageguedfupr, loaded into

/ .

and/ c% r%(})(gé B?I nl{l&:g dlghcl;%h%&r%% gxteéac?neiq‘fahfr}%%argﬁe&mm ommer such as over
elect@#ievlrlag)‘m qablatg, tbmugh hibEumbdics; of vie elestmmaghetic PATd ooy wherein, when the
pI‘Ogrlgtr‘] ﬂ](gogdﬁ & Iogﬁg I1r(1§\tE) e exebu e(ﬂg;l |0 I%a(‘t %g:l s%gl?rs?aicﬂoﬁnisger, heL me%ﬂ%e becomes an
appalappd ﬁor:px’actamg thié infvemenl Wheﬂ mplepn@sedaan doserslmpioyestotessor, the program

nt nbi h I
code FEBRE BTETE B PEPERERS gP SIS B RBUEIo Hr DBN PRI Spgeously t
qmmﬁﬁlagabﬁ@hﬁllty of any particul ar technique may
depen part, on the particula

Cr DeRoe St G ipe b i SJeneis Sat gF o elggel. and arrangements of

the p&itgH@ich hin@beeiX ad!‘.'&lﬂﬁad ahd) QIUBIEAEDIE Gt dRr foQkpldinGhd mlturé 8€thR invention may
broadcasti ng usual |y support  inclusion of additiona

be madonibesresktion i the e withoutidepariing froum the scape pf the Hivertion 4% grpressed in the
folloRAsK&Lims. that are ignored by conventional receivers.
These additional bits can be used to represent the
sets of auditory scene paraneters to provide a BCC
signal. In general, the present invention can be 30
i npl enent ed using any suitabl e techni que for
wat er mar ki ng of audi o signals in which data
corresponding to the sets of auditory scene paraneters
are enbedded into the audio signal to forma BCC
signal . For exanple, these techniques can involve data
hi di ng under perceptual masking curves or data hiding
i n pseudo-random noi se. The pseudo-random noi se can be
percei ved as confort noise. Data enbedding can al so
be i nmpl emented using nethods simlar to bit robbing
used in TDM (time division WD 2005/ 094125
PCT/ US2005/ 005605 -8 mnul ti pl exing) transm ssion for
i n-band signaling. Another possible technique is
mu-1 aw LSB bit
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flipping, where the least significant bits are used to
transmt data. The present invention may be
WO ppkseoHRr: ed as circuit-based processes, i ncl UBCTS2005/005605
possi ble inplenmentation on a single integrated
circuit. As would be apparent -2-0 one skilled in the
art, various 5 functions of c¢ircuit elenments may al so
be i npl emented as processiné3é¥¥§% in a software
wmgggaghwagph software may be enployed in, for
exa di gi t al nal processor n1cro ntro
Ag@ﬁé? or efpi’@iilﬁééé“%‘g Juviviac rau‘?‘?ﬁ‘gm& hadisrh PP B P‘&FHO input charels,
1he@@ﬂxh%n@ﬁaggled in the formof nethods and apparat uses
for practicing those nethods. The present invention
PRIYING aRrpRe AT Bgoding Qeﬁtguqu@ ,tq.,ge@pra‘?g,paﬁlplgmc(gggl@ codes for a first subset

of R AR@E irfel: éHannelsOfOF 2nek bbgucABdbgon; 3¢ as floppy

di skettes, CD-ROVs, hard drives, or any other

RIS The pPaaEeHr audie @q:cg@@g ,’eﬁglmlﬂ}mto ganeTaEs mra%au@wézodes for a second
subs@trd?gﬁeadﬁHQQ%t tRanhQa@Rd sb&)‘h@ ﬁ@ﬁt@n@‘x@éﬁb‘ﬁ &heR¥n:@ Machi ne,

such as a conputer, the nachi ne becomes an appar at us
f ortheseendifisnvRycy Freiondy &iffeTeahionT e fistt Es@ency wgieRanén
CamAksRdREbse TR GH b thd'Grsf @bdH Of program code, for
exanpl e, whether stored in a storage nmedi um | oaded
into and/or executed by a machine, or transmtted
v %e ﬁglgﬁ:’uotn ‘?@ﬁ{ﬂl ¥ S\M%?elﬁ] ﬁg H{Bng{rlc ﬁ([ Er?crod?@ ltj&:nmg\% Q¥ &hural cue
15 electrical wring or cabl I'ing, ough ber trcs,
codipg (BGQ) enta@ling. omagnet i ¢ radi ati on, wherein, when the
program code is | oaded into and executed by a machi ne,
such as a conputer, the machi ne becones an apparatus
$oﬂhphamukmkﬁghhhewMMw@mtion V%en inplenented on a
an%lhh %ha\%l %q? § m%rm Cssaz sgugr(rg}mc{ Sé)lll’rl) 1 s& ar\r/}ngca?P o éty gﬁ%n 1::1%1‘ channels and
atkhhahebpe&@meﬁwahﬂmp@mm&Ly to speC|f|c logic circuits,

0.l i 11, be further der st hat various changes
&‘ﬁ ﬁfs'&\ é‘%a%ttl%‘ikf‘qu? %{@F ia‘é‘f% Pt f arg’re angements of the
palfi (ﬁj‘m frafieaity x:agme chesporide Mfdbh)f@ﬁ’dsﬁtﬂ& Heldwusdpeditiedcuit-o ff ki;requency;
er XPp re.of this invention my e
ﬁ’ﬁé%?oﬁ S‘ibﬁeé%ﬁ‘é‘%? f‘}}eglcf%a‘iila’flﬁe ¢t without departing
fhe edvohd Be§ofBe@bn Ehteshdhde tf JuBBards alsoiB HIRSHE O ifRqiehs).
follow ng clains. WO 2005/ 094125 PCT/ US2005/ 005605 -9

CLAIMS What is clainmed is: 1. A nmethod for encoding a
U ltht 1VRATIRRIS cRUA B OwBdr&A @ile PRI a84iB khtoal n'gttééhﬁ’lﬁueaib' @€ encoding.
i nput channel's, the nmethod conprising: 5 applying a
paranetric audlo encodi ng techni que to generate
pa rﬂg‘ﬁ{\)éht%n%f%agn § o\gﬁﬁelﬁ e cﬁt-éff Fré(%ueﬁdﬂh§ %tleasptfhe EH&UVG audio bandwidth
audi o 1 nput channels for a first fredquency region; and
of thegddiBabagnel. he paranetric audi o encodi ng techni que to
generate paranetric audio codes for a second subset
of the audio input channels for a second frequency
p.e dibo mnventireradiclaim 3, wherein the multi-channel audio signal is a 5.1 surround sound signal.

7. The invention of claim 1, further comprising transmitting the parametric audio codes for the first

and second subsets of audio input channels.

8. An apparatus for encoding a multi-channel audio signal having a plurality of audio input

channels, the apparatus comprising:
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the second frequency region is different fromthe

first frequency region; and 10 the second subset is
waledosepdart fromthe first subset. 2. The i nvenP@DOSIN5/005605

claim1l1l, wherein the paranetric audi o encodi ng

techni que is binaural cue codbng (BCC) encoding. 3.

The i.nvention of claim.l, erein:.. the nulti-channel ..

e B P aE ® Bl e OB st 1R eV RAGRHEES sudio codes for
first phtisetadfitheyaudio ineg uhanels foaamedt Geqrfcy régiomtand east one

| ow f.r equenc LFE) . channel ; th i rst _subset includes,.

B G0 SRS o T LI GRS oAt o RRerF BTG o codes for &

secohé §1ibe¢t of CHera8SiP A cHabned or Hesaokal fedquéicy BgicaWwRerein:
t he second subset

speci fied  cut-off freq cy; _

o R gl el e FSL COm Pr e Ay

I € gheBednafslilRe(i0 BferdnOfrom Bhadratdsbsapove the cut-of f

frequency. 20 4. The invention of claim3, wherein the

paranetri c audi o encodi ng techni que is BCC encodi ng.

. AlR@arhdiNenidioshceder, dompMigy: Wherein the cut-off

frequency is at least the effective audi o bandw dth o

bR pEarteiHA generatg onet nopsRpatvined hagnels fraip mphirality of audio input
char%lgbﬂéﬁuttiﬂ&laﬂﬂé'lEﬁd'i&fi?ﬁh'l‘,eahdalldi o signal is a5.1

surround sound signal. 7. The invention of claim1,

FAnREsT 2dpigs P &FRFERter ansi tting the parametric audio

COogRSpahhettidfudld dodts fol 2 iRDHSbSE 6PALaRMPSRIR cRfan@Y A irst frequency
i nput channels. 8. An apparatus for encoding a

regigpPRd - channel audi o signal having a plurality of audio

i Nyt - | SN :
o RS S PRI L L2l i g o

frequenpwregivnt whezeinudi o encodi ng techni que to generate
par a )
B o s RORS, 18t b e U2 GherDy rbil ng
meansthé egcompsybyat modifiérentFamathe first subsetidi 0 encodi ng
techni que to generate paranetric audi o codes for a
second subset of the audio input channels for a second
0. dhe erventioned claim 9 \wier«n the parainbieic setiooudef sre BOENOYes.
region is different fromthe first frequency region;
and the second subset is different fromthe first

BluThe inveionAf pamanBitierdn:audi 0 encoder, conprising: a
ownm xer adapted to generate one or, npre ngin d
R s ne] G Sgpel o T oo e © PR G cEdgr chamnels and
at least 6hd LFE ehandlel audi o signal; and 10 an anal yzer
d tggﬁto ener at e; éé% paranetric audi o codes for a
%F%E?S ﬁ§§%“gFaﬁﬂgm% IQOWRH FRAYHannel s in a first
fhé BEM BBGency region corresponds to sub-bands at or below a specified cut-off frequency;
the second subset excludes the LFE channel; and

the second frequency region corresponds to sub-bands above the cut-off frequency.

12. The invention of claim 9, further the parametric audio encoder is adapted to transmit the

parametric audio codes for the first and second subsets of audio input channels.

13. A method for synthesizing a multi-channel audio signal having a plurality of audio output

channels, the method comprising:

applying a parametric audio decoding technique to generate a first subset of the audio output

channels for a first frequency region; and



region; and (2) paranetric audio codes for a second
subset of the audi o output channels in a second

wo ec@goeney regi on, wherein: 15 the second fregP€nT§2005/005605
region is different fromthe first frequency region;
and t he second subset is difdbrent fromthe first

yi%té@q,lg'agar%%rgqe a0 %@@1%%(1%% @gfpggrate\éw%gcrog ﬁg;)set of the audio output
chanhélyﬁiﬁblséd&n@fre@ieﬁcymegionWhﬁfeﬁi n: the nmulti- channel audi o

signal is_a surround, sqound sign havi n Luraljty
the iff%na%fes‘gn erex fign ¢ ?%%si ey ik Ahel ;

t hﬁlefsEJo‘ﬁﬂ sdBSSdiffertal MR therdt s@et! he audi o out put
channels; the first frequency region corresponds to

sub-bands at or below a specified cut-off frequency;

thens RCaMEn SHOSRE 12 XntiMaRe fdhneihauahaRfifling tedhdighéR BCC decoding.
second frequency regi on corresponds to sub-bands above

the cut-off frequency. 25 12. The invention of claim

8. The!fvBfion bP&aRA BRMREEInc audi o encoder is adapted to
transmt the paranetrlc audi o codes for the first and

tbe@ehucl%rné aitdio ggnak isci surrpund seund jsigad diewing 4 lurakityqfregydpr channels and

aik&@5n§ﬂm§aﬁ§&%lng a multi-channel audio signal having a
£ urality of ‘audio output channels, the nethod
©

fipst $U£bl5q1i includeptllphithe andisequinvbehentelsaudi o decodi ng
theé EQP frgcﬂlg%éﬁ‘ﬁ% ot e{r%glfonﬂs tfo l§‘ bar¥! ?t%gi)elg\;v atsg&lf?eld (ty.lpoff frgquency,

out put or a |rst quency’ r egi on;
tre200b5ube &2hdpChe UBEGE&HMEOSR05 - 11 appl ying the

RELL0K ﬁé ?Q%g?o %91%%4 ok b @&h&h?s“a%o <thd SP%?fﬁe%ué‘ncy

secon 0 outpu anne
second frequency reglon wherei n: the second frequency
di f£fere romthe first fre
fée % Vcénsclsog é)g%l ey wh rein tﬁ%llaaga%néertrécnatud%or %?qg%e?hn%s% 1’BCC decoding.
subset. 5 14. The |nvent|on of claim 13, wherein the

ﬁ@ &%%T—eﬁtgg}?t]ﬁ){} @E ?1?16!?.] 9 Sliegllg[ -P)H\H%g\ﬂeélfb%ls aﬁg%sg ﬁxe egfje&g'e audio

bmxﬁhmhbfﬂhamﬁehmawnlo S|gnal |s a surround sound signa
having a plurality of regular channels and at |east
one LFE channel; the first subset includes all of the

B8 O irHiitioH tof 618N N nfherekGthd Reltifohimit] JUdRAURARIGY 2 58 G1@6und sound signal.
corresponds to sub-bands at or bel ow a specified

cut-of f frequency; the second subset excludes the LFE
BN ANGhara@fr synthesizing a multi-channel audio signal having a plurality of audio output

channels, the apparatus comprising:
means for applying a parametric audio decoding technique to generate a first subset of the audio
output channels for a first frequency region; and
means for applying the parametric audio decoding technique to generate a second subset of the audio
output channels for a second frequency region, wherein:
the second frequency region is different from the first frequency region; and

the second subset is different from the first subset.

20. A parametric audio decoder, comprising:
a parametric code processor adapted to generate parametric codes; and

a synthesizer adapted to apply the parametric codes to one or more combined channels to generate:
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the second frequency region corresponds to sub-bands
above the cut-off frequency. 16. The invention of

wa@ba@snv4i25 wherein the paranetric audi o decodi POI/US2005/005605
techni que is BCC decoding. 17. The invention of claim
15, wherein the cut-off frequemcy is at | east the
effective audi o 15 bandwi dth of the LFE channe

Thed iarfirehfebsshofapdie onph chamneliods B li-ghamnehadq Sebincirst freauency

-mguﬁugmo signal is a 5.1 surround sound signal. 19. An
aratus for sy ntheS|Z|ng a nulti-channel audiq
E’ﬁaﬂ seppa( SpRyetPT grdip qrtpytyhampels ghthe myliirghgpnel elr%ﬁ@}aé in a second

ﬁemkﬁgnggggnﬂk%%lconprlS|ng means for applying a
paranmetric audi o decoding technique to generate a
fi r stthatgpadiiregrench eegipnds Giferor feog the first Fragsarydesion agd
firstyd L e0HdaN6¢ £ A0FRR: rEN%heTRARELELOr appl ying the
paranetri c audi o decodi ng techni que to generate a
second subset of the audio output channels for a
A€ ?ﬁ@ﬁtv@rﬁ@ﬂ U?&Qﬁh JE GhQ0in M HafaRleRic bi& 8O0 dodes.£quency
region Is ferent fromthe first frequency region;
and the second subset is different fromthe first
SUBEE nveriidn 4Pl ﬂﬁ&@&@&rlc audi o decoder, conpri sing:
a paranetric co processor adapted to generate
theimaltethpins] @@@kesgnaém serreppd stvad Sigegl hadape pldrality eipegular channels and

c codes to one or nore conbined channel s

at 1e§£08%egjﬁié1féﬂ%ﬁeﬁ WO 2005/ 094125 PCT/ US2005/ 005605 -12 (1)
meﬁmtstmathEhsdfmhmdwdwammpummmw&nnels of a
tﬂu hrs% t'requ]l%gcg/er%%?ﬁ‘l gérpe epi Io o4 gto su ? gtlfog g«%}% 8%@6%?118¥ut—0ff frequency;
mhamnmismmiemmﬁmmﬂkﬂfEcmmnﬂamdaudlo signal in a second

u wher ej co fre ne

& SO PP rbon PR B PR e e R
and the second subset is different fromthe first
subset. 21. The invention of claim 20, wherein the
paranetri c codes are BCC codes. 22. The invention of
claim 20, wherein: the nulti-channel audio signhal is a
surround sound signal having a plurality of regular
channels and 10 at |east one LFE channel; the first
subset includes all of the audio output channels; the
first frequency regi on corresponds to sub-bands at or
bel ow a specified cut-off frequency; the second
subset excludes the LFE channel; and the second
frequency region corresponds to sub-bands above the
cut-of f frequency.




