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Conv. Aud. Eng. Soc, October 2004.Field of the
I nvention The present invention relates to the
wenmedianzgo of audi o signals and the subsequent BOTEP®S$/610595
of auditory scenes fromthe encoded audi o dat a.
Description of the Related Art Wien a person hears an
~audi o signal (i.e., sounds) generated by a particular
Field of theilnventiog ce, the audio signal will typically arrive
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auditorlysceakssfromithereacadndandioat er ent ti mes and | evel s. are
functions of the differences in the paths through
whi ch the audio signal travels to reach the left and

Descriptioglof theRelatediAgbpect i vel y. The person's brain
r e fferences | e to.give
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rocessin
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person éi’rhﬁlfaﬂé&l@ly hedihig Qudi@ bh@ﬁﬁssgeﬁéx%teﬂ By BRS& ohtdrt WiffeRei afddﬁ)dsoﬁx@es located at
generate left and right audio signals that give
one or miEs fifgRepiResitipngrelptive tathemersemt audi o sources are
TRCAIsG cabr ik fnfo@és@iﬂg bPfhe 'bHuPElﬁ e Gkith YitHeSizd Nlitory sc?ncs where

listener. Fig. 1 shows a high-level block diagramo
audio signgls\feat 91519EMOts| diieren rudip spviares aiprrurROstTRll madificd tpigrrsrpte left and

right aucﬁ@ﬂﬁ@a‘ist tﬁat%v@'ﬂﬂﬂieﬁ:cﬁﬁ%‘ that iB&ertiaB8l8 Sour&es Are: loét@paﬁcrent
into the left and rignt audio signals

Posmom’ofeaamtalthﬂs'ls@ﬁm where a binaural signal is defined to
ﬂﬁ? 1isH6wd ¥R h?'iegggl otk {iﬁﬁﬁb\/ﬁ?‘éomen gl lgfg%]?%g Sal%&ntﬁesmer 100, which

tronto the au
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08§, n di o
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t audjo SI gna
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rection- de‘ggndent transfer function for sound from
direction-fepsndeptrpapfesiyngtion fergownfrem thesigng!, sowcg by the pasrinuag, alse refgrred to as

the head-related transfer function (HRTF). See, e.g., J. Blauert, The P.sychophysics of Human Sound
Localization, MIT Press, 1983, the teachings of which are incorporated herein by reference.

Using binaural signal synthesizer 100 of Fig. 1, the mono audio signal generated by a single
sound source can be processed such that, when listened to over headphones, the sound source is spatially

. placed by applying an appropriate set of spatial cues (e.g., ICLD, ICTD, and/or HRTF) to generate the
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the head-related transfer function (HRTF). See, e.g.,
J. Blauert, The Psychophysics of Human Sound

waoomahizat i on, MIT Press, 1983, the teachi ngs pET/mP100$1010595
are incorporated herein by reference. Using binaural
Si gnal synt hesi zer 100 of Fig. 1, the nono audio
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rocesse
, Acadenhheress)mdzbﬁdgecmilm@patl ally pl aced by appl yi ng an
| CTD,
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andMul ti nmedi a, Academ c Pr ess Canbri d MA,
comprisiE 3,05 0%, A1 S0t Zedhirons Ropitpmsgelativege dheinenss can be
generatédhﬁx |aH'@h<ﬁﬁi’y $cemesythestieplinhQl ¥ss§ﬁﬁﬂﬁ§npléxﬁk?z§eﬁ u@ﬁg tfdflipf instances of

e audi o source positioned relative to

bmaural| sp@ﬁleﬁa(gﬂl“l%r‘@c&ﬁ%ﬁh inausg) gignd mth%@ﬁfelssté*@nﬁmemmghqmml signal
correspcﬂﬂmg% & d@fé{:@npatﬁ%ﬁr%§ éxﬂ&acta&p%ﬁfzregt' duli®s eu%lgﬁldﬁﬁ‘e?&§ location

relative to the |istener enerate
relative bt kissengpr, g difisens yot o epstial enestifizsed l%geegafe ithaej laixaluyal audio signal for each

dlffcremlamoggagg ed using multiple instances of binaural
si-gnal synt hesi zer, where each binaural signal
synt hesi zer instance generates the binaural signal _
correspondi ng to%w%ﬁce. Since each -
different audio ' | ocati on
Acgbrging\te On@mﬂvéimdns tlerpeers;mt anveintidngs @ nietheédtappdratagahd mhchine-
era he bi naural. audi o signal for
readable %gﬁdﬁ i #h%r en% gk Smgosur & O BORARRGP 4T fﬁﬁ"ﬁ"ﬁ%éﬁﬁ‘@@r more

audio chahoels,rvehiersgn atdeasfmxeembmﬂb mﬁombtrhé o ode Qénetaltbdﬂﬂtcbﬂxﬁmi@ two or
I e nedi um f 0

mors s g 10 L ORPLE A LG ST AT R O ore e
nmore audi o channel s, wherein at

audiochagmierat ed for two or
e is a conbined.cue code ener at ed g
input

I east one cue
AR o PR VR gt R D An TS £t groeratia e Sedne
audio chafifsdld ﬁrgbmﬂate Baraagfited fudSdhhiiRi(QH The SFparkt@! OHRrifds alch® Qfimator
audi o channel s. According tgQ anot her

~nore o
and a dowgmpisH; °%° EHEafr SEneFAtes; oG BHPPISIFUT g 10 BYRPTners apdip channels,

wherein a€188s® dhd'kgxe Godleﬁ@ Wcorabifédue B@d&%@ﬁéatﬁ@bﬂ&ﬁﬂlﬁhg tWo or more estimated cue
smtted audj @ channel s) he apparatus conprises a

codes, anq Gk e%@tﬂfﬁ?ﬁ%fod&ﬁbesamersq\ﬁﬁmwownﬁ Eve gsmore of thewtidip channels. The

downmixed d6WHAKEShE Canlt KA folen&Re 8k £ @s[nsﬁlmd Qfmrﬁ‘i@f(% Wit §>E21
channel s, wherein at | east one cue code is a conbl ne

wherein the gapasaficis gdantad e Eansmjt ipformation gbout fis coe corss to enable muitesder to
6& farfs ] St esti mat ed .
perform sﬁ%mg B Sm@egﬂ@& dnﬁnar%‘{eﬁo L he aﬂ%’r) ﬁc) hannel s. The

froma grou
Acaermt&@wﬂvommd@@tx thepr@smhxpmnneh isrmeneoded agdin bitsteem generated

rein t
o i SRR VAL o A0F Lol e b AP G
’channels, wheeein @tdeaét Qn@ cge adzﬂeés acaidiedene ¢ale gendraedibsgomitisisg Svo or more

estimated &1@ ggoee§ Sﬁh? gza:ﬂ%ﬁtlmqgerf eu%%gclie 9 es%fmatte%eﬁ'oltzn a group of two or more of the audio

channels. Thc one or more cue codes and £ transrmtted audio channel(s) correspondmg to the two or

more audio channels, where £ 1, are encoded into the encoded audio bitstream.
According to another embodiment, the present invention is an encoded audio bitstream
comprising one or more cue codes and £ transmitted audio channel(s). The one or more cue codes are

generated for two or more audio channels, wherein at least one cue code is a combined cue code
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Accordi ng to another enbodi ment, the present invention

is an encoded audi o bitstream generated by encodi ng
waoso7ehennel s, wherein one or nore cue codesP@EI/EP2005/010595

generated for two or nore audio channels, wherein at

| east one cue code is a conbi ned cue code generated by

conbining two or nore estimted cue codes, and each

generat&ityl asatbédngtwe oc mde dssmatat Guamodes| ahd Mas@Muo tode\imestmated from
e code

s groue FRfH et 6T v SHHEHHD. o harray B BBlsR A R o e cwo

or morelalidio thdnnels. nor e audl o channels, where E\ , are encoded
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RSB R A AToU S gR BEB 1 PIFSTR VEHoR & SHALIYE BRAREF i, pachine-
readabldthédiiirh EsHAcEoITRIH @An@@xtt@m Sudy c}ﬂiﬁfeﬁ(s)ctbl gerAMES paysthaudm channels,
‘transmtted audio anneI S) qu one nor e,
where (2B bsCug %odgewemoe § torth qfrcnﬂmtfr“ cEmmel) arearrsits |v§1°f°m at least
one cue WbHR(i€£4 BorAbind dRA8 Eode pBncPiidl HyReRbinfg dwé B iBbe REtirEd4& cue codes, and each

codegenerat ed by conbining two or_nore estimted cue
estimated gereeode gtimated dromea grpprefdwo efmore gerdio phanpds comerpanding dnthe.E

transmitfl ChdAnA(s)! Me & meP bEthOE Mﬁu@é&@h&n@ﬁ r&f'hetlp?rnxe-ﬁri@ Fgacrate one or more

transm t audi o channel (s) correspond to WO or

upmixedrpbrmmelsy énne omawwé the C m@@ecr hengels grepthesized éwﬂzxdy%ﬂrs cue codes to
the one Jr Igrﬂr’?g?ea ! a{%fﬁéfsn&/gaﬁn L 88 fed @tﬂb%ﬂé&taﬁléderﬁ@fmm the

I um or ecoding E transmtted o
combmeég@h qedetiag n@h(dsx)verl@ug@rde:sa«pehe@tq)z@y@moau giots synthesized channels.
channel's, where OEz 1. Cue codes corresponding to the

E transm tted chai nel (s) are recei ved wher ei n at
| east one uu S d: YANES gener at ed by

T

from the mnomngtmttaded:dmmmioa th@zrppasbd) clahmgaxﬂohd fn:eoxﬁpanmg mmnge th which
g transnmitted

like rc{er&’ffﬁ HH@F'% %)’deggg' sﬂfﬁiﬁ’)? egequgal eﬁ'eer‘at e one or nore upnixed
Figh & sliedsa. highhleved bloab diagrain of bmv&tph:ay)haufal sipaah seltisesiacre

Pl i ARl S e gL i pie BFC e paRiesiuty sertems

Fip08lstiowalathldiR idiagach dfraakwhiifechitehnbeused foraniiwnatittr efEip. 2;

deri ved e .code is i e ener at e
Figyfihoasa %&kéﬁgﬁﬁbquaﬂo%myag%es 5 et on e de0o0E of Fg. 2
FigRAWONG2 bidch 8lagreiTehe BCA estitridfol 6f Fig ] adudvdiiy 9@AE erfibodiment of the
the present invention will becone nore fully apparent
present invendieft he f ol | owi ng detail ed description, the appended
Fig! c‘iﬂrﬁ&atériﬁc geh&a @ ITIORD YA LYY G 08 Bvé-Shanhd ahdibsi ke

Fef erence nuneral s |dent|f¥ simlar or identical

Fig| Tiltustrates tipe ggneratiopnfieC datp fogfve-ghaspeliglidiek di agr am of :
Fi %@Qﬁ h Bfoak drgéxgﬁ\lb&'ﬁrll iR tatisy S theBCTREmthédiddr o?ﬁ%% tBat can be

1 ock diagramof a generic binaural cue” coding rggs
used in 2 B@@idecoderde eensratep sterse enmultiichanng aydignignal givepaist eatgqnarmﬁed sum

[ that can be used for the downm xer of
S’@als("rf—glu&hg%md&%ﬂr shows a bl ock di agram of a BCC

F 1g>9ntlhmtez b@w {GIED anbiCLPere varigd fvithintalsabrnd @6l e fungfiorFpifrequency;
Flg. 10 shows a block diagram of a BCC synthesizer that can be used for the decoder of Fig. 2 for

a 5-to-2 BCC scheme; and
Fig. 11 shows a flow diagram of the processing of a BCC system, such as that shown in Fig. 2,

. related to one embodiment of the present invention.



Fig. 5 shows a bl ock diagram of the BCC estimator of
Fig. 2, according to one enbodi nent of the present

w0 nooentizomn; Fig. 6 illustrates the generati on pET/EENIDS/010595
and | CLD data for five-channel audio; Fig. 7
illustrates the generation of |ICC data for
fve-channetatidio; Fig. 8 shovvs a bl ock diagram of an
i mpl enent ati on of t SCRIPFION of Fig. 4 that

C be sed_ i ‘ dec o o
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differeht ﬁ&lkletd:!y badalin the two B@ors Mpﬁth:hmls lin thé fequency doenains (Bdaddmon, the C

o e SR e el

lcnﬁﬁ:@u&)@itgéﬂst éhd oh ﬂﬁi‘hﬁahs'lﬁmsd'l@mdsﬁs feised ortworog hﬁ‘r‘e&ﬂ“tﬁe&? input
one e i men t he presen i on, DET
channefseaseal P CRE PHBGE FERlede E-amelaeﬁ%c (B 2 Hpes s gt C inpu

channegncodes Ci nput audi o channels to generateE transmtted
audi o channels, where CEil. In p rtlgxﬁs tvvo or m)re
dn onqembedimsgh 2 Binerderchag o q5mops Bl b Eitigrtoy and 2

downmBRF BT R twd BF mefERIRF bAHRY onvatLrwol Bfboredfthde n@w&ﬁ&efs%m a time
each of one or nore different frequency bands in the

domainyipig adfeanere dorit Therrafnestimatongenpmatcs Pé“q?fé’i*ﬂf? CREFREGS rﬁor epgh of one or
more dififtht ﬁ-&f&enc%'tﬁgncg ih R Wro GNAGE @&n%c@equnﬂﬁ’ ¥iithet€ OreQlownmixer

generate the Etransmtted cha .. I'n some downm xi ng

downmixepthe GEnpU chasnels togen¢ratg the li)msraﬁteti pleanpels, Frhsre Grbed.
iﬂﬁ&&ﬁe&dh%ngﬁﬁ 048 L3 cﬂz{nngpﬁt% dedodtd® gghé?ﬁ@bplayback audio

anne east one of the Etransmtted
channels hbrpagticslar, Sortsacteef coe onmérg dﬁfesqnhgt@leméams, o1ecor orergiithe £

&ansnuﬁ%f?églgrﬁl ﬁtaéér L(bbng%{dslg 'H’?r%@ll gér'&edg%a% nta ?&eﬁgg ré X‘Hhé)&' Playback

channeld ingth¢ fiequencyriomging whctre €>Bah k@neow moze cqetomgﬁsare awh@i t@ﬁach of the one
or morcfdlé]igercnt %@@&e&%ﬁm H eft5v8 o r%oxt ! ayb ?(%Rﬁx{x]lefs rl“ 91 ?mquoeﬁcg dgfnain to

Uenc n. or generates
generatemWfo&)r aioee raadifal cfhaﬁneBaﬁid thﬁtwomemore mudifiedtibhfirelsand converted from the

ol G5 Bt RGBSR, ek B e
channel$ 8 b@ﬁﬂ eﬁ aﬁleast h&Etf It}&erﬁsﬁlﬁ(éd clizan¢elehig at dastroae Gke c])dc, hmi at least one

ot TR b G A e OB B S entn

of any ché¥éodesach of one or nore different frequency bands, one

or nor e of t he ‘E tra tted channel s_are uQm xed in £t
roéaﬁré tiffogg an ypIpxer, ESIZET, AN Pﬁeeor@uore inverse filter

banks. Br 8HRa¢kne or more different frequency bands, the upmixer upmixes one or more of the £

transmitted channels in a frequency domain to generate two or more of the C playback channels in the

frequency domain, where C>E2>1. The synthesizer applies one or more cue codes to each of the one or
" more different frequency bands in the two or more playback channels in the frequency domain to
generate two or more modified channels. The one or more inverse filter banks convert the two or more
modified channels from the frequency domain into a time domain.

Depending on the particular implementation, a given playback channel may be based on a single
transmitted channel, rather than a combination of two or more transmitted channels. For example, when

there is only one transmitted channel, each of the C playback channels is based on that one transmitted
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channel s in the frequency domain, where CE 1. One or
nore cue codes are applied to each of the one or nore
waledoberame frequency bands in the two or nore pdBEYEPB0K010595

channels in the frequency domain to generate two or

nore nodi fied channels, and the two or nDre nodi fi ed

channel s are converted fromthe fre in_i
channelalxnhﬁ@ SiBFRONT UDMIFING SARCSHPRAS 19 ?@Y}“ﬁﬁﬁg‘ ?1‘%/" gﬁ‘ P“‘%d charmel.
As suchT easéplf&?@on@fn Wi therR iConRpsde vahsted chainsel knm:pdumm? be

one of the Etransmtted channe] s and ast o1
implementes using aaadeatorath@t cgpie thg gan anng; °’€faﬁ’f‘ B@B‘E& chamnc

?@Lﬂ g{b GO B e ¥in@rpordte ifito@tRnidEr df3gstems or applications
ransm t t e

annels and |ndg£§ndent of any cue
includingofdeexaniple, digital eidoe ticerdens/playerB BT RLRUSFECH L) g}pp'ers, computers,

satcllxte#ﬁg{qtn)f rB/re%Ex%Xrgl Eﬁl? % oeg@é@m@é?@ téFesthRY od dBMEE&Rmitters/receivers,

one or nore different

homemﬁ&ﬁﬂmmmtgmbmmdadmbheﬂumht%@kmepnlxes one or nore of
the E transmtted channels in a frequency domain to
generate tvvo or nore of the C playback channels in the

Generic omai n, where CEl . The synthesizer applies

des t : '
B R A5 A L) P o e
comprisi @ Bfdoderi202 tiita decedit 204C \Endoden 202 mglug@rdewamecet W apd BCC estimator -

nmore nodi fi ed channels. The one or nore inverse filter
208. panks convert the two or nore nodified channels from:

HEGnrhik 6008 @Weﬂ@ﬁﬁipﬁt dtﬂtdkh&]ﬂelsmf(n}iﬁm mansﬂm&é mﬂimg}xamlmls ydn),
the particul ar inplenentation, &1 %bg Is,
where Ceahnk thisggecifisativastgnalsexaresses) jtine é{?fé%‘hi B ORFApmap signa

while sénﬁfs I@%re&t@&u@ tﬁ@%hﬂ@?c'a&"ﬁéﬁfxeﬂc%oﬁﬁm@@hﬂs t Dépeadihg brethe particular
annel s. For exanpl e,  when ther .S on

implementations PRI IngIeambraimplemented é mf*ﬁe etige &9’6%‘8 ior g’ﬁ SAyspgy domain.

BCC estm?a[tg%ﬁ gcn%&te‘s BRic QA& fdRARE ﬁl{:ﬁ@ﬁma RRdinels bid ﬁ’dﬁ@ﬁaﬁs those BCC
upm xi ng correspohds to cop ﬁ ng of th

codes aseithar gspadar nrgoﬁwﬂwﬂetmfeun@wa melative tathe smittgd audio channels.
Typical %ﬁe co&ﬁ%thlcgﬁé oﬁcpor%Urg B¢ &Q?—E)ﬁnhecl 3l ﬂff&%em thiet-8fdnnel level

enment ed .- usin g a
dxfferendct{mhmadndnnttmum@b@rehtmm acey dm pitimated betvesm @qrtafncnaxrs of input

channelsl,?ég IBLB!EL?% ?aﬁ":eﬂ cng)? angiel‘lxr\et ?%gp%fﬁggﬁﬁfg)fléisw&gggrﬁs @ﬂgcggﬁfe%etween which

paﬂlculaﬁpﬁislo@&ipuM&mehpBOGwo@s afestimatadpl e, digital video

RSB LERIEE e AL S BRI e prsivs

width of&Hc&B&xmsbdr&r SThe @6ddr Weragdiotsaurts sedowér tbrr md@ambetween the leﬂ and

t tt / t
cight haBhAP SHOA T e EPBPPeL Gl o SR 1 LR e AR

correspox?dxh(%o%n BlcR&dra Gprog LRI aﬂa@ﬁﬂbﬁﬁmcstabe rsaymedllydmmrdudlthag:oher ence

audi o processi ng sys 200 r|S|n
of the binsmesbAigre! S SHHHGInG (LR BRHE oD B BR SURoI 071 AL iR gemal wit

lower coﬁ&%m%ﬁalﬁ Pbrcail BRor@sréadwhuin aﬁ@ﬁory MMK a1ch AQE data is typically
onverts Cinput audio channels X/

related tat thammemseercamﬂbm@w&me pElisyengy ?ﬂvegpment Yec, c.g., 1. Blauert, The
Psychophysics of Human Sound Localization, MIT Press, 1983.
Depending on the particular application, the E transmitted audio channels and corresponding

(D...

BCC codes may be transmitted directly to decoder 204 or stored in some suitable type of storage device
for subsequent access by decoder 204. Depending on the situation, the term "transmitting" may refer to

cither direct transmission to a decoder or storage for subsequent provision to a decoder. In either case,
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where OEl . In this specification, signals expressed
using the variable n are tinme-domain signals, while
wer@ear=7expressed using the variable k are  PCI/EP2005/010595
frequency-domai n signals. Depending on the particul ar
i npl enent ati on, downm xi ng can be inplenented in
' i agm;m LA R BandeliSinfi a6 HEGH GHOB pErforBS kpmixin
dccc’dcgg?‘ih%g?g%qa% gene?g'{c%bs BCC coggggfrom t he Clpi nPut g and

BCC synifisis using thedBGC endels torcamvsrtithesE trnsmitted @udie ghnanclyigtognary than £
. I.n-band or out-qf -band si.de_ inforrati relative t iy
* (ypicaliy, butnqt ngsesyaily gh?’@??&ﬁ@uewmeg. ;?,M %faﬁus‘ee@ﬁ%&eﬁwmdms on the
_Include one or magre of inter-channel, tine difference
particulaf giRigment3HoR UPEIRE R bF B g fed @rihgtimg dqopym St figfroquency

domain, Nt €r - channel correlation (1 CC) data estinated between
certain pairs of input channels as a functiqn of |
lp addidercty heaRCG progessing thopain Figud 48RS |B&4§v8mﬂzfﬁsswg| system may

includeSGitiah8 RS8R AbAiRE et lodutir cOBpress th autlidRiphals at the encoder and
channel s, B codes are estimated. | CC data

then deeasnpress Sesrrydiorsignelpat thedeepdenaespestivalypilHess Audio ¢qdgesamay be based on -

' ' rédli i ' Y £tthose baskd6n pHedi c8d
cmenlli P G R TLIBNE o kb
modulaterh@CHe difforentipd BAM EPOMS; or adaptiveiRRCM (NaPEM)-s of t he

Lita. bi s . o
SR R PR Y BAEDEE) 08 OB EBE o e
multi-clepnal audio signay @ bitrateaantfi dlightlylnigler dupe whet is yegiiec t yeprasonsia mono
. _thani.he her enge aqf Wnaal,  si .
o s TR RS G068 Bl BT Bl e s ghamet i
contain gisue tvad qrdan ofrugniiudsi leps alformiatibn thamen awlaherveform. | s
ual | erceive re.spread.out in auditb ot . e
5k e B Bl SF 02 PR PP DG Rk PP sppet s of vt
A singleafpanized ssnsipet cortedpdadatoch megrdeennix ¢f thd @igdral stereo or multi-channel
sgnal. 1 TSR 8 A LR i ol e a0 O g to e
transmitte@ R&Adighg igmvdug@emﬁtomulkeaﬁngagp |ahdi&tda&ﬁald¢1h€w-lﬁré)cﬁle mglno
~transmtte 1 0 Chanhne a correspandl ng. cQdes .
reprodciigg cEPTTnBAY CPURE ChREEIP 2119 DR EHIB PO TISULE B mvolving
the delivefy oTPiBRo Butlid ARlecRalltypPRdThulbilcRim@PaudRY IFoe edagiples i@ uidAb audio
__ access by decoder 204. Depending :on the situ ngp the
radio brqadasting SYaFEHFAntbe sBhangedyfor siaTeq o UIEIChBF] lpsbackf he BCC side

information @2 5 Ste@lled ifto 8 HRAE frarmistioR cA@Rell MnaREERApEBIItes exist when
rovision to a decoder. In either case, decoder 204

P . . .
dovnmixieg whljiecharrisbaudiodn s¥ie sunbisnalichd comasmaRd © SiFre 2fige
BEE ﬁ}ggt&&ées diia R ASHARL E@ta%@éﬁ!ﬂ&ﬁ%&c?g;oﬁﬁm. heRi fequency

© - -usl CC -Codes to convert the E-tfansmtted audio
resolutiop hsadrielazgelyrmasivasd by the Siequengy sepelution of thedyymap guditory system.
. Y ) onof
R e
the acoustinipahsgrtaht Thanfrequemdyxésalptiomis donsidesed by weing anAnvertibigfilterbank (e.g.,

the tinme dongin the fr [ h i .
vased one 5 FhUFEe SRR BED 0 b N ko R Qur e b
bandwidthsietjval gripeopesivnaido thy stiteal handwidth ofithe hamiah guddorylsystem.

encodi ng and decodi ng stages to further conpress the
audi o signals at the encoder and then deconpress the

Generic D&Wingixigg gnal s at the decoder, respectively. These

aud]l o codecs may be based o o .
In preferred implemcntatigns, the transnglttec{] sum signal(s) contain all signal components of the

input audio signal. The goal is that each signal component is fully maintained. Simply summation of the

7-



conventional audi o conpression/ deconpression
t echni ques such as those based on pul se code
woraahzzron (PCM), differential PCM (DPCM, or p@OBPI00VE10595
DPCM ( ADPCM . When downmi xer 206 generates a single
sum signal (i.e., "=1), BCC coding is able to

. re sen Itl-chann audi o signal s bitrate
sudio ARl P e LR s oRigR TP EPR GG relpcpRponcats. In oher words,
the powerof €aifinakofposenBUlh GifpleTsain is JtinJarké of SmallRPBAIER skl 8f the

é#lnated I.CTD, I CLD, and | CC data between a channel

power gEthF cQIEIPORdiRe sigpehcomhrncnt o g3k chamnely drfiopmaixing technique can be used

that equdlzey the b Sigriald ith Aiat &Y Power\Wei SlaDEdipolicts iﬁrﬂﬁé/suhl'b?gnhlqy\épproxmtely
bitrate of BCC coding, but alsg its backwards

the same ATt OBFIPPRYMERATESE in alldnpyt chappedy est . A singl e

IHiANSHbWE £6loMTh 4 BA) dindi s BRNES chPbSusBPRR d%ﬂi‘%ﬁ%ﬁ% of Fig. 2

of "the original stereo or multi-channel signa
accordipg toeqertain dmplementations of GG pystsm 208¢ Bpwnmizer 300ihes 2 Sltexfankl (FB) 302 for

S .
a8 605U hng LSS Dl DR B v
FB(HTWQWQﬁhahdnanbdmbmmﬂwme nDno reproduction equipnent
i £3n _ther e
R A L R af?,maww%ﬁ%*%%‘df’%m channel
x(n) in MR ttigfel RmatinGi@a A&t ofitlphi co@fﬁ@ﬁﬂ@ | %, kY 1iPthe FRAucR%AiBRNa%h. Downmixing
exi sting nono audi o radi o broadcasting systens can be

block 3@1"&%%5 eih sSU-BAHQf @lrcox%g bhdi %{}ﬁﬁm SetRbiatPR doﬁre%ﬁ‘dmg sub-

de information can e enbedded into the existing
band of ﬁr@ﬂ@ﬁ‘i"@é ifisarcapyadonedin confligientyo Gquatiop B r¢preskrs the dpwnmixing of the kth
downmi xi ng_nul ti-channel,audio to two sumsignals,
sub-bangd H%‘PP‘EGP?fg%‘ﬁ'&ﬁ gﬁ(@: Z(kh eoTalkd) & eepmmte Hreddrubdandefgiopmmixed

signals with a certain tinme and frequency resol ution.

coefﬁméﬁﬁe(jf(kgtymcy jﬁf ;gl M sused is largely notivated by
y r'es

fregdenc utron of the human auditory system
Psychoacoustlcs suggests_that spatial perception is
nmost |ikely based (mqékbrltlca xﬂé@d repr esent ati on- of
t he acoustic input I. Thi quency resol ution
ERRN | aver B 0:

i s considered by u$pt verti filterbank (e.qg., 1
based on a fast Fouyriér transf¥iorm (RET) or a _ M
quadrature mrror filfer (QVF))) wi tH subbands wi.th

bandwi dt hs equal of Ypkbpprti onak. (4 |t he criti cal

bandw dt h of the human auditory system Generic

Downmi xi ng I n preferred inplenmentations, the

transmtted sum signal (s) contain all signa

conponents of the input audio signal. The goal is that
where Degdba sdayvadbedadbpSrdewhmixingfmdttizy, mai nt.ai-ned. Sinply

summat i on of theaudi o i nput channels often results in

Opipral §datisg/daly H6ckB06 esthististONscObf mul@pliks 310N@HRN 6 Bich Mdltiplies a

ot her words, the power of the signal conponents in a
correspondiigrdowamixed neafciett )8 hk) dygsraliog fastonkel® to gdnamtetanoresponding scaled
_ - of the power of the corresponding signal conponent of
coefficier? &, (£ ¥ hTROAbtivaiosl HMHE s¥dling op @ SibRliSietRiIVaRAL 8@ qutdRatonlpRheralized for

equal i zes the sum signal such that the power of signa
downmixf@ WG AEYHry Weighth Bt60s Fordael chamneR PIP RO {hpHR EiRindelt AY@ ikRp&hdent,

as the correspondi ng power in all | nput channel s.
then the power Py of the downmixed signal in each sub-band is given by Equation (2) as follows:



Fig. 3 shows a bl ock diagram of a downm xer 300 t hat
caff-be used for downm xer 206 of Fig. 2 according to
w@eoobarn7o npl enent ati ons of BCC system 200. Dor€myER®N5/010595
300 has a filter bank (FB) 302 for each input channe
x/ n), a downm xi ng bl ock 304, an optiona
scal i ng/ del ay bl ock 806, and anrinverse FB (I1FB) 308
for each encoded chdnrfi&b /n) &lfli | ter bank 302
converts each frane (‘&g fﬁ kcf a correspondi ng
digital input channgl” “X LQINE é)tlne domain into a @
set of input coeffigients|x . i'n tjhe frequency
domai n. Downm xi ng bl ock B304 d m xgs each sub- band
of C correspondi ng iLAPFet) coef fi %M)g into a
correspondi ng subband of E downm xed frequency-domain
coefficients. Equation (1) represents the downm xi ng
of the Ki sub band of input coefficients (x, (A),
C ()) to generate the kth sub-band of
where E@wmﬂm bnommg waph maiix elefrdut)in heX(-y-£ downrpixirg rfstdiy D oy and
as follows: where OCE is a real -valued G by-E
Ds (1) SQNOEBWEr BOsuBRahd Kof ifiput chdrhiignal scal i ng/ del ay bl ock
"77306 conprises a set of nultipliers 310, each of which
nultlglles a correspondi ng downm xed coefficient
I $he) subpands grefjof ingereadany theajthe) pomist vedvrsr By @) ®f the downmixed signal will
correspondi ng scal ed coefficient y f (Jc) . The
be largen@ysima Héritham tha korthfreSwsal gl HygatpeR)athhad sighalQipliiedtions ortcneellations

alization eralized for downmxing wth arbitrary
when sigll ORREP RGP oLt PgihER5 UGB aHate FAFRERVEDE {HouRRyeRt hiath downmixing
operatioft BERqiRtién @) B appletaRe beahds folleedibyRhdREBe dperatiod ofthultififers 310.

gnal in each sub-band is given by Equation

The Scal{“ﬂ)fa"‘g]‘gg(ggf flé\’réE)("Q‘) bepezived wyingEquationd) ‘%Pefﬁ“?}’ys squari ng

each matrix elenment in the G downm xi ng matrix D

r and Px (k) s e Power gf su hand k of input channe

i. If the sub-bands afdGt i ndependent, then the 3)
power values p ~ ,t of the At xed signal will be

| arger or smaller than that conputed using Equation
(2) due to signal anplifications or cancellations

where 6 s e gilaband ERONSRbMPRELLY BrdliGH ), Ahd QB! kﬁﬁsﬂﬂ%ﬁ&ﬂhe
spectlvely To prevent this, the downmi’
tion tJO IS applled i n sub- bands
°°”CSP°’fd g| WETAS s'f{@“aé’ﬁl‘? nlj:](%ﬂaer ati on of nultipliers 310.
The scaling factors % ? can_be derived using
Inzgdition dror(iayead of Premdawsop ok ing, scajing/delayblpgke306 may optionally

applydela?dl%iﬂaﬁgnd?@\/\/er as conputed by Equation (2), and p ~, k-
i's power of the correspondi ng downm xed sub- band

Esdhgmatse filtér Hadk B0§ conmerssdichiet df@nrrésponding sealed agkffidients P, (k) in the
provi ding optional scaling, scaling/delay block soé

frequencyri@yhainpitto @ fiatre\of a parrespeidimpydigital) tahsnigedichahsel y,n).

Although Fig. 3 shows all C of the input channels be‘ing converted into the frequency domain for
subsequent downmixing, in alternative implementations, one or more (but less than C‘-l) of the C input
channels might bypass some or all of the processing shown in Fig. 3 and be transmitted as an equivalcnf
number of unmodified audio channels. Depending on the particular implementation, these unmodified
audio channels might or might not be used by BCC estimator 208 of Fig. 2 in generating the transmitted

BCC codes.



Each inverse filter bank 308 converts a set of
correspondi ng scal ed coefficients y (Jz) in the

wo eeguency domain into a frane of a correspondP@mEP2005/010595
digital, transmtted channel y n) . Although Fig. 3
shows all C of the input channel s being converted into

: of -
tl{]%e a%e %IXH 6’#3{{,%,,, et |5 on@mgﬁéelﬁo i s?r’%%ﬁgll%@% =1 and the
signals tih @k‘) Qf@ch@ﬁblkﬁ@o&abmﬂﬁt chAMBNEdrSadie@itid theaRAaSplRA With @ factor e(k),

of the processing shown in Fig. 3 and be

accordxﬁgtallﬁmﬁdnqm) @FlRWsequi val ent nunber of unnodified
audi o channel s. Dependi ng on the particul ar

i npl enentation, these unnodifikd_audi o channels m ght

or mght not be usedy6h) Bekog i¥kkdr 208 of Fig. 2 in 4)
generating the transmtted BC€&lcodes. I n an
i nplenmentation of downm xer 300 that generates a

single.su i gnal n E=] and the signals Xc (k) of

thefacmézf[:}‘ﬂ‘Ss%ﬁ%lgﬁggqgafqm@é%s%s%ﬁﬁuf channel c are added and

then multiplied wwth a fact e(k)—according to

Equation (4) as foll ows: act k_e(k) is given by
Equation (5) as foll ows: ;i; 2 OJc) is a

short-tine estinate(ﬁé eewmer " of ‘of x ¢ (Jc) at time

i ndex k, and p (Jc)€ )= dhortiins esti mate of the &)
power of 2 1 ¢ (Jt) he eq ILE%&%ELbbands are

transfornmed back to the tine domain resulting in the
sumsignal y () that is transmtted to the BCC

decoder. Ceneric BCC Synthesis Fig. 4 shows a bl ock

vt 30 S P AT EEbASE P30 S, P B s s

|nplenentat|ons of BCC systen1200 BCC synt hesi zer 400

f||ter Ezyk each n1tte ann
time esnvatf ﬁ? e Bﬁwﬂ'ﬁﬁ] dﬁg?‘a c Elth&(fgual sg anﬂ.baée FI $ {Jaé:{; éo the time
‘ 408, correlation block 410, and an i nverse fllter bank
domain réshRink @ the 8@ siphad YO eHat 6 hansiitedto theEBTtddcoddrer bank 402

converts each frane of a corresponding digital,
transmtted channel y/n) in the tinme domain into a set

Generic BEC BRfitdsiscoef fi ci ent's y (Jc) in the frequency dowain
Upm Xing bl ock 404 upm xes each sub-ba
Figoft shosys@rnck glag?amefm RGGamthesinrdp0 Beb?ambe P&q#tfer qegdsr 204 of Fig. 2
accordmgctgr %@gﬂﬁ%ﬁ&mﬁ% HEOL el Kee {HBaensooHe gﬁlt& bank 402 for

I ents. Equation 4 represents the upm xin
each tmnmnt;cci ¢thamnebi@hdn @pmmrwidmlq‘toéoﬂe@mam Imuamém |4@$ SAT attm} block

enerat e_kth sub-ban f coefficients as
410, and fhgpyesied Fs? @rsaqé@%g fg‘ﬁhegnm \’faf"c)ed i s- by C
pn1X|n in th

Erchdiseril gﬁ%&'&%ﬁ@?&@ﬁ%@e eﬁsﬂﬁ%ﬁﬁgn‘i‘ gt} feprppigted channel y{r) in

the time d&glglln\élll dy ?{:etlso}l gxpldteci c1en Lg?rclfs ggﬁg doJr:rgiﬁ.h ng% A block 404
upmixes cach fub %gl%q tgjfJ E c%rrespon gs(r)nrlttedc-ganne?coefécwnts into a corresponding sub-

band of C upmixed frequency-domain coefficients. Equation (4) represents the upmixing of the kth sub-

band of transmitted-channel coefficients ()’7, "), ¥, (k),.... 5 (k)) to generate the kth sub-band of

upmixed coefficients (?, (k),5(k),. ..,Fc(k)) as follows:
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ensure that the desired | CID val ues appear between
certain pairs of playback channels. Each nultiplier
wa@0®ecappio es a scaling factor at(k) based on apPCT/EP2005/010595
correspondi ng BCC code for ICLD data to ensure that
the desired | CLD val ues appear between certain pairs
of playback channel s. Cbr elatlfn bl qck 410 perforns a
decorrel ati on operati basec rresponding BCC
codes for |ICC data o.égf re tr C?Be desired I CC
val ues appear betwe Xy f pl ayback
channel's. Further d¢sctip T Qf the Oper ati ons  of
correl ati-on bl ock 410 can| be fqund i U.S. Patent
Application No. 10/ LBs(kB7, fillatk (@) |05/ 24/02 as
Baungarte 2-10. The synthesis of |ICLD val ues may be
| ess troubl esone than the synthesis of I CID and | CC
val ues, since |ICLD synthesis involves nerely scaling
of sub-band signals. Since |ICLD cues are the nost
where tlppmisalrsal-usled £by-€apinixirgg maie sPerfotming upmmaigluythmﬁr.@cncy-domam
i nportant that the | CLD val ues approxi mate those of
enab]estdpﬁluﬁiig @Ibﬁabplfhddlcﬁmdnaljy]m eachdiffarentisub-b&didD dat a m ght be

F3in P Ao R5er ol tayk 2B tea R s e Bt gD dsato
ensure BABEResHETICTON et Ripesr botweamétriadpairs off plgdsdk chriglsaBich multiplier
408 ool HeAnG PRSP APl BOG G Tl LR o Sppea the

desired f@[@%lﬂ&'a}rpdcaﬂﬁ‘ét&é&'l@xltalﬁ@ﬂ}sfof SR} 82810 Shah¥ls. V0 REEH Blo€kd410 performs
CC val ues. As such; the BCC data m ght

a decorrelgtipn eReration i based op corrsppending B codes fop lkndata t°§afqr%trﬁgt|thﬁ desired
ICC valﬁﬁ%ﬁ?&ﬁﬁﬁwceﬁ%ﬁ){ P&lﬂ%‘??ﬁ?ﬁacl@%ﬁ@y | M&’H'Hemtlgr?oﬂtﬂ;rtgemnons of

CC val ues on ween certain channe
correlatipp bleck fhlfgag be found mU Balttens ApplicationdNe.d 04 55,437, 8fcd on 05/24/02 a5
Baumga_9§r1§spond|ng synt hesi zed coefficients XI( r) in the
Prequency domain into a frame of a corresponding

'ﬂh@}'tl&bsm flIelDaelecharirdess Xoiblgsome fjan Mﬁghthﬁlsgaf IgqTD and ICC
values, smce th%s fmvtoE/cs ?ﬂut.r@ Ssrglmé ggsu%%%ﬁ@?%rﬁal %er:g ICLD cues are the most
sequent

conver ue C
commonilyoused dlr@:tlaxmdi cBEGt pruaaty moragmponuanathaeﬂm HELLY galues approximate those of

. I tati I .
T e
factors a;{k)c(tﬁss‘b fogy ea:hcmb}bmd afd mrefediblyleboser mmhplha& thesnle-bard powperof each

t d ch d I
pvtns i R kR VR4 B oI e RS
b gﬁgl r?@&ae% apply ﬁlaﬁfzely Fev Signal mydificdtiondfon syitissizing 8SED and ICC
- -unnodi fi nn
vitos, K028 £ SRS 3 o AL ek By S TELes. 1

case, BCRYsOfB&Hen 40l vwoudd$hin8éize ICTDYNE NOS val8esUAB tetwd¥h kertii cHahxﬁ:l pairs.
ot her playback channels. either case, such unnodified_

ga@mo&kesmr%amﬁ Whtiveid £6bt bcopelNsing HrERIRE GRIRIR £ (k) in |

t e processing tinme involved inthe upm xi ng and/ or
processi d to gener te t rest. of
the frequarcaﬂa%fz inie ABE Of 2 sgReaD RIS D ﬂsng"ﬁk fd?agnelfiﬁbm
llli§,back channel s being s ntheS|zed from
Althawebig- ¢ showsrathined the tragsaytied chipael S§F1§6°?’}Yé“‘?ﬂ}m9é’i‘° Bquency

domain f?gsh?éﬁ&;%ht kb g GRABEE bioceSiE; iR ¥RARASE SmplémBRhtidnk,Hnk 8imore (but

not all) of the E transmitted channels might bypass some or all of the processing shown in Fig. 4. For

©

example, one or more of the transmitted channels may be unmodified channels that are not subjected to
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nunber of playback channels. In general, the nunber of
pl ayback channel s can be any nunber of channels,

w0 paboti2ng nunbers greater than or | ess than Cpemd@P2005/010595
possi bly even situations where the nunber of playback
channels is equal to or | ess than the nunber of

transmtted channels. "Perceptu ev
any upraifchg e rcaddion toJeingEaoR oEEITF 6F LR G RPN AT Rr s vempgifid chamels,

laZ Rferéhcs LIRnRls B'whitH BCE 6ig lied
in turs, ﬁhl%}tgé g’?g%"a""@gﬁéﬁy?g gfca | CTD, IcCLD asﬁd v‘I,CC appgm %gapp

to synthesizs aneor esm&er@esm@sbaek chaprelse 1 githeR Fasg, Fhnss channels may
be subj ccﬂtlcltt{&:l{?@tt atetfgﬁthé sQhg titfd IAvolvéd i, thé\ﬂﬁ‘mknﬁ@aﬂdl'br BCC .

tory spatla I mage attributes is
processilg 8spdds edleralk&tbweetdlj thegirybackshapoflal hearing inplies

I\Igfa b oarlthc?u qlsfn&& A nFM%Ek ch'axgER t@% S&’&Qﬂé& %o{n% #dnSHlitted

perce V rec en consi deri bi naural room
channel$, WhidteS@ wasesl pohsmsnteBH] dRiginabifipus nkansels B synfhesis isngt mited to that

e PSR TR SRR Y Do R Sl o by i o

channel§ atrclhmx@nﬂxdbak greptaf thsn afless then BRInRpossitdyexen mtuattih? where the number of
rel ati onsh es or
playback e S AR ia e 19 e s poih of PRS0 AREREECD |

straightforward. Stereo and nultl-channel audi o

S|onals usyal Iy contain a complex m x of concurrently
"Perceptyaify 1gicva cpengescbetweenandia chapiels o by reflected signa
Rﬁﬁﬂmg%rﬁn%ldsﬂﬁl%héxhlnBthsﬁl'thdfsﬁeﬂf dérbgor mulammbaxdmelsuch that

or added by the recordi ng gngi neer. for .artif.icial
1CTD, IgHotef HEC PP e AFES PP gl aio Sl e following

the role 51*1@'?@' f(%Lfﬁ‘ dm]g (o rél@tﬁdnetls Blhd)tB@fTsE@tﬁ‘dll ﬂyagéla]ftll"lhlﬁmt disegiedns
I n he time-fre uency pl ane IS 1S reril ec
Ko €bay spefil ReEE ARG Ay B PRGEIIHORY, FYER I b icpR e relted
to percel%mdxﬁef:@&y ahen: consn‘ietrﬁ $ine @8 oorh REpu1R! rédpofives (BRIREEST one source, there

nst ant aneous CLD, and | and auditory,
isa relatmnsleantw@ veidd °§ ﬁ’&taP@FOTX FrisPiad Tiglener EnYRRPTSBATRICE o8 d‘?‘ﬂ gstimated for

the carlysaui of thE BRI, q{ﬁm&dﬂhMt§nQﬁp BBvednICCQANE kHekbryperties for

Sl ze these cues such that they approximate the
general malsé@p@nmuﬁgh%ﬁ%&bfs nptrgraighf@yval  audi o si gnal .

ﬁérleg SR Shah bR &Y g%ﬁﬁgt?su &%&M SHiisleSfik S chitubrifily active

the equi val ent rectan ul ar bandwi dth (ERB) are
source si upénmmxscrwy deﬂect@rsngngl compengnts resyling from rgerrfipg in enclosed spaces

or added%ygﬁ %]t ol Bccegr [}Octr@aghé' P g%gﬁﬁ 60 BIRASE Rdrce signals

eso equency
and their'r€fcoliots Ioecmpyﬂyfeb&lt fbgsms mdhe m&ﬁfrequetlcy[dm {Thisj iprefleeged by ICTD,

D, I e
1CLD, and JC b Y e S A PSS Bl i, MR tefften
mstantanEdnHﬂCI‘B S gk thﬂCd dod BuditoSLdVentakivdcticBarnd spatlgl pinprbsign is not obvious.
consj dered at u erval s. h e
L R i
approxinfRAHE coéSoMdiflg Es l;ﬁﬂu%ngxhkltaedlb sighal. unl ess the cues are
conS|dered at ver nt er val

Et o e e L
bandmdt? (ﬁ%ﬁﬁ? ¢ GRl. tn?&ﬁllai Rerifpirbvedls 10 thHadudibiquality of BCCtdoes not notably -
nd lag fall intoa
improve when choosing higher frequency resolution. A lower frequency resolution may be desired, since

it results in less ICTD, ICLD, and ICC values that need to be transmitted to the decoder and thus ina

lower bitrate.
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time interval where only one set of cues is
synt hesi zed, then localization dom nance of the |ead
w0 20060t22¢0Nnsi dered. Despite this, BCC achi evesp@mrmos/010595
qual ity reflected i ffan average MJUSHRA score of about
87 (i.e., "excellent" audio quality) on average and up
to nearly 100 for certain audio signals. The

Begading titve sesolutiorns ICERLIGRDI snddgiare typiealiy canideradat yrgular time
interval, exg@ ?a@xl?a il NebuiRgh SNRLEPH! ¥ éfﬁ FALHCR ard EBRLHEEA bR every 4 to 16

to a wde range o uditory spati al
ms.. Nottthat] wiltse the anes artmmlns:dertd at veryshortidme Hlt%XPX% yhmsqlezw«mﬁgect is not

dlrectly]cgrrsr%gred%sﬂ 1g a classwaltleatdelg%#a%!r oftsbm shfﬁtlﬁ ﬂ’ﬁil: ?cad Lﬁl‘l Ia fa.ll intoa

W ng, SO e given on
time intéroal whete mﬂ;yoneeétaifeudsds gmthesizpd, thén laea:!m@mdompmqeallf the lead is not

conste RS L BB R B by B S o

87 (i.e., &dcélrent addio fhality)ionrasdregefagd up toaresuly $¢ foncegthintahdio @ignals.
tized gnd coded) spat S
R A e B e S e 1 Bl s
implies hueOreRfd o'l Iwﬁdc-rﬁ’fg% ranaldxtatyd;pﬁlasixma hm‘tmteskm'd imptieifly considered by
closetgvvhat ére uired for 1 gqa di o_channel s
synthesigng D bR 157 SEI EU DR BT Sy L PO B s ae given

on how ICTT®, ICLD 208 A0d nfag rdlfe RNGaRiE@aidiiont spafial ihegepitahat
i nvention. BCC estimator 208 conprises filterbanks

(FB) 502, which may be the same as filterbanks 302 of
Estimatibil & spatial 8itd €stimation bl ock 504, which generates

|C||§ CLD,. and I.CC spatial cues for_ each dlff%g
Iﬂﬂeofewg,gubg@?ﬁabegéﬁgrlgmdlcw gnd JCGG a3e ftimaiggo The bitrate for

transmxsgﬁﬁ bfrfﬁés'e Cqhatzel SR odbdlsphtiaPéids Edaeflitit 2 Sk Oard tﬂlihﬁvﬁh BCC, it is

| ow ng neasures are used for | CTD, 1CLD

possible m@nsmtt sierse iend poicthanpekansinsignalsiag hisptss dogq teywhatg fcjlezed( fora

(e.g., stereo) audio channel s: o ICID
S“‘gl“"fim% ’f“\é@] tn (k) =arg max{f 12 (d, k)} , (7) with a
Figh Srshows mldocécsimgm of BEC e4timatns 248 f Big R, according to one embodiment of

the presegtéﬁ?egx\tér? g <G géul oa'?oszHé] ggn?p(%g %ﬁ’e@%&?@ Bei 'v@ﬂ:g'l r@y lﬁzhe same as

filterbanKs@®02 b6f Figi 3 and estiantior bloak 58d} wineh genefates FETIREERDo indiCCspatial cues

for each c?iﬁ)e(rezl(t igeql(lé]n%y _sub%ar?d gcn'erat%d L)%Reliag% 509 1cC 12 (%) = m

Estimation of ICTD. ICLD. and ICC for stereo signals
The following measures are used for ICTD, ICLD, and ICC for corresponding subband signals

%, (k) and %, (k) of two (e.g., stereo) audio channels:
o ICTD [samples]:
1, (k) = arg mfx{q) 12(d, k)} , )

with a short-time estimate of the normalized cross-correlation function given by Equation (8) as follows:
Psz, (d, k) | ®
\/Pf, (k-d,\)ps, (k-d,)

®,(d, k)=
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a ax|f 12 ( , )] . (H Note that the absol ute val ue of
the normalized cross-correlation is considered and C 2
w@ 2006hz27@ range of [0,1]. Estimation of | CTD.PdTZER2005/010595
and 1 CC for nulti-channel audio signals Wen there are

nore than two input channels, it is typically
sufficient to define ICTD and | CLD between a reference
where channel (e.g., channel nunber 1) and the ot her
channels, as illustrated in Fi 'dg ior the case of 0=5
channel s, where TXc %ﬁanﬁ Lnkﬂ% Q$te the I CTD and
| CLD, respectively, t\/\@eng{%#%‘erence channel 1 ®)
and channel c. As oppésed t B and | CLD,
typically has nore degrees of freedom The ICC as

defined can have .different val ues, between ossi bl e
and Dsisnfd) /? frerent-timsjeptipateof themessed r’?%(g 4\95&@ r%B
C(C-I)/2 possi bl e channel pairs; e.g., for 5 channels

o ICEDEBYe 10 channel pairs as illustrated in Fig.
7(a). However, such a schene re uires that, for each

subband at each time index, | CC val ues are ’
estimated and tran eleﬂ %tgﬁ;r hi gh (10)
conput at i onal conp%£¥$§y and@% Pl )/at e.

Al ternatively, for each subband, |ICTD and | CLD
determ.ne the direction at whi ch the audi tory event of
correspondi ng signal conponent in the subband is

° Teridered. One single |1 CC paraneter per subband may
then be used to desc ver al Lyl coher ence bet ween
al | audi o channel s. llg(sd' &Q@d@tlg(%’apl be obt ai ned by an
estimati ng and transn1tt|ng | CC.cues only between the
)%I G hﬁ; %of‘%Ya e, S}ﬁoﬁ'g% {zgc{crass-cg%égno%qg%q%%gcr% ar?daglg (k) hasa
for ti instants k-\and k the channel pairs (3, 4)
?Hﬁfﬂ{i 2) are strongest, respectively. A heuristic
rule may be used for determining | CC between the other
chann y SUgs Fig. 8 shows
Esti 4 e -chann ; ) 160 BCC
\gyai tg&S hx%&ﬁoré@x@n a;to lﬁp@ cheﬁmtzlb at is Wblahja sufﬁﬁeht ito dedinBECTD and ICLD
_ ecoder to nerate st mul ti -chanpnel
betweenaafcfﬁrégqegh%m F g Ahanel oD 1) PR PRECHReRE & pgpted i e 6 for

the case g} o> éha&e%p@fu{r@lr San TK %%Te&tx%@ %{(fe 18TD)and fCLD, respﬁctlvely,

rrpose notes one suc

betweeng'ngé?b]ta cannnefJ an%rcﬁ‘li Iggcthe correspondi ng subbands of

e ou put annels del ays dc, scale factors
As@ppasad tof ICTDaingd I(HeD,alCé: tgppﬂlllydaals moretdagreesof fressionn dihe dJCC as defined

e R e R TPty o s 7
possible Eafne? pdiReé. Q[ for 5 aldhnéls kHefy fe )O d:}ﬁiﬁliél psies asylhistraed m&ﬁg Wa) However,

sucha scbeénegrg{]qu] $ g:? gqv{ e?qh| s?é\?agg %tﬁs?gﬁa ime glde IHCJ% IB% vglggs eXe Efimated and
transmitted, resulting in high computational complexity and high bitrate.

Alternatively, for each subband, ICTD and ICLD determine the direction at which the auditory
event of the corresponding signal component in the subband is rendered. One single ICC parameter per
subband may then be used to describe the overall coherence between all audio channels. Good results
can be obtained by estimating and transmitting ICC cues only between the two channels with most

energy in each subband at each time index. This is illustrated in Fig. 7(b), where for time instants k-1
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processing shown in Fig. 8 is applied independently to
each subband. | CTD synthesis The del ays de are
waledoenrmaizned fromthe 1CTDs Tlc (Ar) , accor di nect/BP2005/010595
Equation (12) as follows: dc = 2 ( max 2ic u () + mn
2ic "./(*))>c =(12) 11 (Jc) td x . . 2 ¢ C The
delay for the reference channel, dh is conmputed such
and k the ghannel peirh@x4)rnd (lnd)pre strengesh fespersivelis| Ajeuristic rule may be used for
bband signals are nodified,
detemud%ﬂcl'&e@%cﬁ-eﬁé%le?%g%% for artifacts to occur. I f
t he subband sanpling rate does not provide high enough -
synthcs&bf'r -“ scgj:sutl on for ICTD synthesis, delays can be
T TTpPOS e precisely by using SU|tabIe al | - pass
Fig. | & shows a blotiDliggrarh a1 isuplementatiar oftBC(E synthesizen #ffliof Fig. 4 that can be

used in ailﬁgﬁ odgr tg ge(aixcxtsahehaa eg? desth tg-ghah%l r?gﬁhé%!%n{l %ﬁ')m E’ ?&xé’i@ ftbhsmitted sum

E}}Hsctﬁé galThau W aédoRipoded &%bﬁrﬁis'vﬂi&fe-
signal S(ﬁ) Sfﬁ y . ?fii%?ﬂ él%g%f(tg}lql onalofi?? et heoout put SE)

denotes &MQQ&M&@& eF fg@xﬁe%{tﬁg e JAREFBAdiIAERbEAHA oL At oflthCousitlithannels,
he power o out put channel s |s equal to the

delays d, ptmerfacéqm ghend; fHistth. arg @@leéﬁfa!he carqspending suhgngpf the sum signal. (For

smphcxtf f §btdtidh, ﬁxgé‘indgﬁl 5 g %o&dq{’f‘ﬁnla deRande fctbis, 688 'ﬁ}f&g) 'ETD are

e sum si ornmalization results in

synﬂlesmatbh)oimnoems ey rELPdwesealingr and 466 by applving émaméqnon filtes. The

: [ of the original
pmcessmgel% SI??apghgi 188’«[3;&8&%2{?}‘8&9\/%%@2% constr ai gt S,
-t he scal e factors ae are given by Equation (14) as
ICI'Df ol : ICC synthesis In certain enbodi nents, the aim
synthesis is to reduce correlation between the

TROBNAR @Saré‘fiétéﬁm&@'fﬁ%&h@mggw A2 @inB @B BRI (12fas follows:

w t hout affecting | CTD and | This can be achi eved
by designin thefllters he in Fig. 8suchthat | CTD

Frequiey < C(Eﬁ%’%ais et P 42 i o)

each sub kgq.ugltory critical band). FiQ<%< C.
|IIustrateé’ how 1'CTD and I CLD aré vari ed wthin a

subband as a function of frequency. The anplitude of .
| CTD and | CLD variation determ nes the degree of
The delayder-thorefes¢nge clmnnedrdl, is soremadrsutt bat the maximymanggpitudgfof thedelays 4, is

. mmmuzeci\bltl'ﬁ lés%1 étf[s\l.lb%% ﬁé-nreallseagg }rrlgcﬁ §Jnﬁ%tl gﬁheﬁ‘@'ﬁﬁ dgné:éé%g é%l‘fﬂzgqto occur. If
the subbard:sahﬂlummy: dbe&3lriot providerbigh lehongh time @Fsolution for IGTH sywshgsi, delays can

be 1mposed moreI gremselyrg%'ru%m%%Ll%li)?talllgp%sso Iters.

ICLD synthesis
In order that the output subband signals have desired ICLDs A L,, (k) between channel ¢ and

the reference channel 1, the gain factors a, should satisfy Equation (13) as follows:

a AL (B)
—<=10 2 (13)
a,

Additionally, the output subbands are preferably normalized such that the sum of the power of all output

channels is equal to the power of the input sum signal. Since the total original signal power in each
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the resulting audi o signals. Another nethod for

synthesizing ICC, particularly suitable for
wondobi7ehennel |1 CC synthesis, is described i n POI/EP2005/010595

detail in C. Faller, "Paranmetric multi-channel audio

codi ng: Synthesis of coherence cues," |EEE Trans on

s s e i o b RS 95 Bl pqe focct

output EHaHiFel Aot A g I brresHd dé en 60tHe bﬁgmﬁl eacodexfinmit addio signal. Given
| ate reverberatlon are a o

th t put
these contagipe) the Toale facta @}\Pﬁn@"@& by P‘?"é’a?f}@és K h&gffl gga}oluy

spectral nodific t ted such that the

spectral envel op 1t.,h Fe$o ihg w5 grlal approaches

the spectral @&rwél t=he ori gi nal audl.o si gnal . (14)
{QtBETWiSCec hni ques

Ot her related an 10nr"e ayed 1 CC syn
for stereo signals (or audi o channel pairs) have been
presented in E Schuijers, W CQonen, B. den Brinker,

IC nd é]sm Br eebaart, Advances in paranetric coding for
‘—C-?‘ﬁ%%—qual ity aud| 0," in Preprint 114th Conv. And. Eng.
Fogrtaivembodi@ss, tierin of IENguithgeis 8 to feducaporplatiembetween the subbands
aﬁebge‘?aa/ﬁ%? rﬁcgmﬁhé“r’ce% g%‘%ﬁ% méfxo&trlgfte ?g?b%%g ?(%ﬁlﬁéoms can be achieved
by desighing.theHiigrs iﬁﬁﬁFlgWCR&@Wdﬁ@h@ Iarerﬁg&ctmelmtihd asfa function of
whi ch. are incor ted here by ref -t.0- As
el Pl RS0 P Rl gL GBS A, o
: Fx@s’ﬂhllﬁﬁ&t&s hawSOTD ahdICLOhae nated withires subbardras o ffurls@en Mdsquency
The am;ggucg ﬁgﬁgﬁq dggggh vléﬁgt}#t%?%g;ls%ﬁ% érae%%gg%-gg]r? rI]Bré.\on ancp 15 controlled asa
ﬁmctlon(blffm eNéte uﬁemmefe Gartcea-smso (BGCas Py, O(2); eh{laICLBas Viried randomly.
noti vatjons for C-to
(35 i Fig SAn R ao R ARRIeS B hbas (et ek g Hul s i mgpe.coloraion of
the resulﬁﬁé hudidigndRgr adi ng exi st ing nono systens for stereo or
ti-channel "audi o playback, The aded. syst
Aot o FE STROESS PR RIS Y SHEHA 101 MR Bpineh e C synthesis, is
descnbcc?iﬂ mért 8l RN F‘aﬂérr S fabdd iU fii-cidiinkiRuaiddolinen &}ﬂtbésxs of coherence
ransmtting the BCC side information. C-to-i? BCC

cues," IEﬁ@pTravam Speech andeﬂwdtn depe. 788t tgashingr phYhigh are e%fem?&tf&fhmm by
referencs” A4WiR&on ?i"\gﬁug g eq[uérg Esrp% hSunRBEGaSTi i Bt drbdrition are added
ere eg

iInterns o ees of reduction of the
to each qﬁdwtwetputﬁhannebrfslmctlIeMg & Hesim@ [GC. Additignally,speqtalmpdifipation can be

L velope
applied sBcE\} tper cﬁge au vgﬂgpwéregﬁ@x?% s?%;n‘%l &ﬂg?%ﬁgﬁs t%«f%g%tgag I@nn gl pe of the

ongmal abdfossignal. f or C-to-ii BCC, such as how to define the

dégr r?]%tgﬂc" g Hn%@a??dalﬁe es’xs t%n?uﬂggss@g %@x%? s1gﬂﬂygo§audxo channel pairs) -
‘have beef) pregdiied4n E.Fixhbigrs, m-(]o)ncnmma@hn&rdmdl JnBracbaart, Ydvances in
parametric coding for high-quality audio," in Preprint 11 4% Conv. Aud. Eng. Soc., Maxj. 2003, and J.
Engdegard, H. Purnhagen, J. Roden, and L. Liljeryd, "Synthetic ambience in parametric stereo coding,"
in Preprint 117* Conv. Aud. Eng. Soc., May 2004, the teachings of both Qf which are incoi‘porated here

by reference.
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As described above, in a typical BCC schene, the
encoder transmts to the decoder I CTD, |ICLD, and/or
wo S0cotxtes estimated between different pairs oOPCOEP2PF010595
of audi o channels. This side information is
transmtted in addition to the (e.g., nono or stereo)

ggﬁmm x.signals) in order to obtain a nulti-channel ,
C-to-F io signal after BCC decoding. Thus, it is desirable
A9 désciibed previcusly, BOD it beqlfnpﬁ:hﬂﬁated wlfqtbngmtmmc?wltriahwgssmh channel. A
subj ecti.ve qualit e, de soun
variationig AL PR hSoR et s rersesedty i Futaplr s A il (ransmited
channel, /bt &4 £ BEmnéll) deivtdd, C-fo- £ BCCL Dherd drel (STeasy a*/mstlﬁmns for C-to-£ BCC:
'suf ficient to .describe the, ch i Sti 1 (;‘
o oo it i Sk ie g Tramemine cxisting
mard? Istefea lo¥ mARi-dhantef auatbammm TAS upgteded sﬁswrms@ansmu the

enco ed ch anne s, there are QC X) I ossi ble | CC
BiGE dewnmized sumpsigngl @wgb ths swisting meng;i %g’ﬁsm%“ while additionally

tFAE éﬁb@ siHe infSimaRan. F E-to-E B i8 C%iplhﬁzﬂmle fo'E-SHaf@l bicRwards

[Tmt t anount of transmtted I i nformation, only
qo@aambicmquf&fhﬁmlwq ain pairs are transmitted.

o (I iog% e 159&%@65%%%19&% ifeAR Aa R en®d s SV RERESH he number of
100 se

that can be for decoder 204 of Fig. 2 for a
t@nmmzd teanels Heivexpeptsd Stabtha more gudig chargels fhatare transmitted, the better

e r O receives two input signals n) and
R T Pt Shown), and

side informati on (not shown)
Signal prgmssnad@glsffom@tosﬁ BCﬁ?esxch eshayutopigfinasthe KN, IRKD; and ICC cues, are

e L T e T

center, rear left, and rear right surround si gnals

(=] tlvely, shovvn in Figs. 6 and 7. Delay, scaling,
gmg&%ﬁ%—&“!%&—r%%}g?el ation paraneters derived fromthe

Alsidegesibed dbedk, inGlippicdl @IIT; scherde, tHe@nsoddetransings toethé davodar &TD, ICLD,

I ed.at mants 1004,. 1006 0
and/or IC?TDecEB%sCeﬁl%Fc&e gen éiilf B?lﬁsé’r o’gpﬁ, c?fd ag&xo c?x lessiralﬁ side de1 rmation is
transrmtt&k;ij ih hddifiento theq(e &), 3@no btpsll’ﬁré’cﬁ dowﬁ;hi}tk@nﬁl(&)]n( kx)iexge lobﬁamtaenhltl-channel
] el.e t 100 shown in.Fig. 10, .. . ..
sudio siggab b ST ShePURE Lot G sHetie Sy Bz HleHiopfie! Fidf infppgtion whie
not degraalﬂg §ubﬁ&ﬁf/eh@iaﬂﬁfbﬁhﬁ d(edaodéd souiflannel shl an::I 4) and
etvveent e right an rear annel s

Siapeltd) ndJCTR yalgs tymgal@m%ﬁte S GrarateE At inde{ IPLD gpd ICTD

values ard s%cﬁ’éﬁ B deelle He chBadtérRRSIBC 8Roded cBEReR), NOMRBIo#RSF hand, ICCs are

where those two sets characterize the | CC val

000,
defined bﬁymeaéhﬁ@rbr@am canaglses gighy for Cepeadad phanpelp Sprge wRCD2
possible I&? p§lr§ SFo?k eRAHYd GhafufRS {}ﬁjse\['ﬁpa @orfe@ﬁ&‘iﬁ/% PNICMpdiRRe IPPF4RE, in order

ide information, a further reduction is
to limit the exsolmé bf @ansm@@é IGE indormetior enly Y56 dnfamration forcaraip pUBEH
transmitte nvention, in the context of the 5-to-2 BCC schene of
i g. 10, for each subband, the correspondi ng BCC
F:gri@csdews a:bincth diagzany h& Bmswah@@elemol) thet ean Yegised for decodgr204 of

Fig. 2 for ? glxo {Z??gte cl g U‘rs fﬁ%%ax\%‘ é@ ‘?hefs% ﬁﬁblﬂ&: fl MS%&H signals

alr to generate

y,(n) and y8(n AROBEC s1d©ﬁi1ﬁdmheﬁbd (DY s\ha\lvmbemtl lgatcraésfmtsymbésyzed output signals
i ndi cates a_gl obal anount of front/back decorrelation

%, (1), .. aud (mhi whiere irst, pespdrithinde fpurth, and diflBoutpybegnals coggsnopd to thedetft,

side information. |nfornal ) o
right, center, rear left, and rear right surround signals, respectively, shown in Figs. 6 and 7.
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experinments indicated that this sinplification results
invirtually no loss in audio quality, while reducing

wo ea@nsmi2td ed | CC i nformation by a factor of tweCT/EP2005/010595
general , enbodi nents of the present invention are
directed to BCC schenes in which two or nore different

| CCs estinmated between different changp pairs [
JPelaxp scabipe.and Aereqreslation pararaiess draty %ﬁD KD, and ICC

side mfopgmaﬂta&dcaggueﬁaq bfek %&6&®oog,)%nfmg¢sge/@§p;c ey, € Cstyntg%smte the five output

signals Oq(h) ifesn the ififvé afpﬁfﬂ:tedi' Sigaals 5 (k) gebeeratedbyoiptrmimg @ement 1002. As shown
conbi ned ICC neasure that is representative of the

in Fig. Hpabhdrelamqeperfoiméﬂiyﬂ}hﬁtv%éﬂ tietlefymnuet tear dhsmek (i.e., channels 1 and 4)

TR N S A S —

ICC dath WB&d th 88 ﬁﬁndﬁﬁﬂedh@ BOES9Ath& ket 1000, 041R I tROse mmhaxaamze the ICC
represent ed by Equation_ (16) as ? wher e L

values Hegvae edRsharr! Rl Log gach &libandbi ‘NE‘ e&h*a Halteady s ﬁonﬁlﬁst{ﬁlrewducm in

the amoBhtITAOM side hfbitlaBor; @ ¥ thel CER1i65 sidentabM. f r om str onger '

channel pairs are weighted nore than | CCs esti

Aeenrding e cahadiment of Hiepeesent HYeRtioRn HieFopistiof Ble 5df>-ZaBCC scheme
of Fig. TN RR siBtahd TRYcof@sfoR iR BEE eftddédtemBinEs ME IGLCI,“%}ILF]e estimated for the

i ndi vi dual channel powers for each subband

"left/ lefigeastiehanng]ipgis with the ICCEalye eatignatsd fordhe \ight /right s ghannel pair to
gcnerate é lcoﬂﬁlhé ICIChanQQh hpél)em'dgm Efgﬁ'aafgrgl?h& gf" ﬁ&l&ack de-

ér S|np Yy USES rlua
coxrelatlomd!ed Which ﬁa@hsrmnemtnéhe BCC deco‘ﬁm s ﬁxké(ﬁfé side infermatien. Informal

im0 bl 05 i e R TR e Ml b
transmitted IC€C infompfation byoa factorofiteb. pai r and the right / right

feggé ghea %ﬁl e[r)lgl of e:?gtisgn 911tvgn n m E.?Sf }ep eg td %&E g!ﬁ?ﬁ&% Ivﬂ-udh two or

decodet "es
more diffeyent HECH estinlated Yerabes, diffdran clhdnacl\pemg bt gmgpsoff chzgyoel$, iacecombined for
t he decoder process can

. (.16) can est | nat a
transmls%fﬂ ia%wng‘PgB%@qu’%agh?%d%"f. on and ot her percept ual
and S|gnal S stics_-a g@gﬁt geeraying a rule
f or der|V|ngh?§%wTﬁﬁfV|d hggcépt%ally gpt|n1zed QS)

wherefx%%n@%%atc&nﬁﬂ@yﬁﬁﬁfe%tmb' nation of |1CC values has

een described 1n the context of a particular 5-to-2
IBadersto lobtain 2 qombined ES@ measure\that i r@nreaeantlb@ﬁ the$netial imege, it may be

advantag{:&ﬂus H]L?slc %% a%grrwi:&ng&ifﬂgﬁﬁﬁ% %ggg{rrl?% ¥xdxv1dual

channels,tmrqnmm snpogtanxfe xmy&é:@ascy ot émchsmelfpoa@r& meerepredeoied by Equation
(uDasﬁﬁ , related to one enbodi nent of the present :
ﬁventlon Fig. 11 shows only those steps associ at ed

with | CCrel at ed N
i lptIC(:i

I CCtransmitted = = : (16)
Zi 1 pl' l

where p, is the power of the corresponding channel pair in the subband. In this case, ICCs estimated from
stronger channel pairs are weighted more than ICCs estimated from weaker channel pairs. The combined

power p, of a channel pair may be computed as the sum of the individual channel powers for each

subband.
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processing. Li particular, a BCC encoder estimates |ICC
val ues between two or nore groups of channels (step
wd i@ap722conbi nes two or nore of those estinmat eRiCT/£82005/010595
val ues to generate one or nore conbi ned | CC val ues
(step 1104), and transmts the conbined | CC values
ossi_bl alon wi th one or nore_ "unconbi ned"
tb%éswé » given QPwmnIP&s Ry ibe dervgd forgesh %@slmr e%ev@;possxble
lumlera&.%bn, thE8ecBieEsiHPHANRIICEE! | VoS theMRrivéd 100 Bdd ﬁceaeﬂ |cbh‘ﬁ§e pair. For
fromthe recejved, conbi ned 1 CC val ues (step 110
examplgeinthe sootext eithe,-torhBCG schema ARBES1 004G Gugunina £acherS ectleor the de-

1 th 842 GeAYQSBicky ned
corlfh i BRIl o NPyt e

Emaa@;hmss lerimeplgspeatation, ifithe /daseden pstimates ishannelpais powire fiom the
ds1p8a1S ARIEHE wa| ihtfn Ror é 90:?? B BE MRt anf bR dE%ger plfJ)cess can

synthcé.u
at ‘exa e, a enc estimtes two
0ptlonaé1wetsthfson opmgtipn maimhﬂr Peradptunl ensipignet statigticsfarguments for generating a rule

orStim eft rear and right /
for d"“%gf“% rﬁ‘ggvrl@ﬁﬁﬁg%’% l% er aZJdeIE hcégées two | CC codes to
gdthenght the eortumrtiom eﬂCC@ﬁluc.ths beemfdeedmblcd; intthecvmtext dsfe.d:atttnular 5-to-2

s o AR AT K e

f'rom
includirtghtbesetihwhich #51.ned | CC code may sinply be used for both

e T A 2 m P52 Al .2
related ©\ont brabidimeht ofthe pekant indengion.eFigt H shows ol tHosd st&s atsBélated with ICC-
'lt‘ichannels (i.e., synthesized left, left rear, right,
relaleC IR S¥¥ht rear channels). The present invention can

Bxl pattichlar, INHII(B&EB&EE dstimated IOE FalG&Betidet twd 61 mét¥ @FRpsof cRannels (step
|d estimate two | CC codes fromthree

CC encoder %
1102), CPWB'BFS RR4F Tt oseestisgaigd ICC liesdo aFeTabe ame, et qombined ICC
values ($Q08104) Eﬁcﬁ%@rﬂf%ﬁh& ot rlébs'alﬁcsa@gssﬁﬂy ﬁ&% &ﬁ?o&to@ ﬁfore

estimated | CC code corresponds to channel's A and

"uncombippdp JeC ¥alues) axBleC @ﬁm&@mtmup d BGE dagpder (Séepelét)ﬁ)wélﬂxe BCidecoder
derives t#v% EQQ%CfJaRxE@ f9R t}{é%é'eﬁte ohﬁﬂ% I(?(lf] 9’11513%' wgaﬁﬂdtdg-%orrelaws

pai rs of I nput channel’ are
groups o( q:hagnels msmgl}he deniaedh6IC vajues (Eind pmxbbdme or mg)rquecdnmd uncombined ICC
wmmg(%gp je and transmit a single, conbined | CC code
sed on the two estimated | CC codes. A BCC decoder
could then derive two | CC codes fromthe transm tted,

hgegmt&ﬁic%ge and apply those two derived I CC

G
Fmﬂerﬂft%r%Trﬁqnﬁ$%5|ze three de-correl ated channel s

The peesent Biymﬂoehamdn ddzexited |uSthAcoxBextaoﬁ the G)to-2IBCC EUhSme of Fig. 10, In

it exd,§ BCERRoE (1 ol S L P o 1P AR\ o ing o o

different E}h:ﬁndlsl\@ ep W/Scﬁlfear%d cight!/ gﬂt :ﬁd) Exhila@m N&aﬁbﬁbﬁa tﬂ/o(IﬁO'@Ddés to
channe t %%g t he

anne é'.e , ygthe3|ze
 gonerate £ 10F56s MBI IS (RIS Hechrr T SClopheeder (Blerives
two ICC &GQ; fedasl the Grasrhl RO SorktiRdd I@@fﬂ:‘o@é’ (n@&'mét'?ﬁedcoh@geg Q@@ %odetrﬂaﬁl simply

esent |nvent|on can al so I mpl enented in
be used fqg@ﬁ{hé){ the deriygddCC codes) and (2) apphcs each of the two denved ICC codes to a

different pair of synthesized channels to generate four de-correlated channels (i.e., synthesized left, left

j

rear, right, and right rear channels).
The present invention can also be implemented in other contexts. For example, a BCC encoder

could estimate two ICC codes from three input channels A, B, and C, where one estimated ICC code

corresponds to channels A and B, and the other estimated ICC code corresponds to channels A and C. In
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codi ng schenes that enploy conbi ned BCC cue codes that

are generated by conbining two or nore BCC cue codes
wordven72h@n | CC codes, such as | CTD codes and/peT/EE20D5/010595

codes, instead of or in addition to enployi ng conbi ned

| CC codes. Although the present invention has been

o T e B S R B s, e

the twa pajrsiof inpnt chanmels|shase bepmmcpi ahamel G d., umultdlmnebﬁl éihb emfoder could then

t oIV|n of
gcnm{%hagg é"?ﬁé}ee?‘%}% gosxﬁbgrfc%rf@é cocPc ased ong.lix éEUB e C % ‘ABCC
decodencaduld fBElD)lcrarn dilQ)ICdecscﬁ‘onmhe G‘amidﬂt&d, cnmﬂmeﬁ)lﬁe Sodefa_nd apply those two

dervedifE e B ol ke SR TSR b Sl A, B, nd 0. 1

this caseyqatlcddrivgd IfeMenda eyl bdsaidatp bk wppligd & geasrhic@paiiof @%ﬂﬁh&@ Channels,

where G kol BEIEERERT sfhubelf St ot el e PaliEer Sape .
althelightheprsset inentiokhs eenaiestribbdinrtid ébmeksotmﬂwdoahgdc&&es that

um.,of channels 2,
employ SERBFOICY 926 1 PIRGTHG R ERIo8 G STk WMBIFEMER Hchesonteghof BCC
coding schérfddahat 3mpRy QbtabiRed BCOEuc!ddBes\WRit ghtlgehd b Oby éb%%gmfg%vo or more
each of the two qther_ channels. In this one-stage BCC

BCC cug eoficpthet than ICK1 Gofen wgh pdE 10 rodesndior Koy D&dﬁwat%of or in addition

to empléyidd Rhdied MOC Esde@f the original five input channels.
or exanple one set of estimated | CC codes is based

HFibeugh theresent inyisphion hanbren Aescrikad is e contextof BEkicoding shemes
mvolwn%@@fﬁ ICEDRERAECA0ds B felent véaftidn 2an Jé%vlﬁ?nmgfggﬁ{t% 'tNeScontext of

tlstagf BCC schenhe, “ channel s are
other B@%eﬂﬂi@lﬂtﬁc me invplving oRtp@ne aetwod thespidree typeabd gpdes (e.g., ICLD and ICC,
s P LOUPS of channels at each

bumotmsm}raqb Lrea&’alaénsf@ge RS For exampl e, for the

ge 1n the downm xin
.tw-@m@ seheinp re@regentedan §rad 1G; theatwodraB@Gttechcheurets, y, hand y,(n) are

typwally?che%tgﬂ)y zlp? agx%gaﬂﬂrd'cﬁgfr %rie_? %&%&?n%%h elflxgchig g\% é’ ve \cl:\}lnathﬁd% shown in

orm a
Figs. 6 afid 7,sthegechangil )B@@eoqeted: aveweightodsun %bharmersels p),cnndi Amyd thannel y, is

0S, t he
gencrated WO Geibilih S| X cRnels DAL RS0 S ekl o Bkl it G b ghigg sum, the
weight fefctor fnrahzfxme]sﬁt is dma/hatﬂoi €@ weighh factoh asuddor eath 6f the S@wthet cliagihels. In
ed c rres ondi,ng,.;O0 those

this one-{ge BO FhEme ARERRRIE AL 8e Gty G Rriiieeizgans ot original
five mpuf dhﬁﬁ{etho\mmmﬁdlel @fefsct(ﬂlgas’ﬂﬂl&kl eddCUl Bd&3ds Bvdoh &ﬁd dﬁinew Idnd at and

: ori channe rma seconddownni xe
another sft fsngﬁgcﬁﬁg#: W? 8“5’6{5%6’!“8 BCC cue codes

' ng@mueatam ORI REP Bw sOBkrie) chanfiel§ hre SbaHMIXEE X@dertiefly; with BCC cue
nel and the original center channel . Slnllarly“

codes Pote'msﬂr F?‘EFFP‘H‘SMI‘H differcpt reups ohehiRatit e rch e it dovwpixing

sequence \Féritxirhile, 361 tHé v chﬁxﬁﬁts% Fighail7, ki BOE BhRder, the ongmal left and
second- downmi xed i ght channel with a fourth’ set of

rear left chgnpelg peu Q:de@‘mg@f?é it fosm a(ftwrd@yp@wefdrl@ft ¢hgnneh with a first set of BCC cue

codes gcntzx'afea Eo%ﬁ@ﬂﬁé@&'%be&% o&g?ﬂn 4 d 5 f t tifar 8{ Iﬂ%hﬁ@%ﬁl@% ?fd right rear

channel The "secon
channels qoyld|bg dpwmmixpdtotforama fiist-devehnpixedrighit chdnpelrwithet sscaid sBREBCC cue

codes gen&h‘t%d Qér)rpe@;gong% trt(g%g%ln Sohglfg%é‘ﬁ%nei% In !1 ey &Wﬁgg g‘tage, the first- .
downmixed left chax’mel could be downmixed w1th the original center channel to form a second-

downmixed left channel with a third set of BCC cue codes generated corresponding to the first-

downmixed left channel and the original center channel. Similarly, the first-downmixed right channel
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decoder could then sequentially apply these four sets

of BCC cue codes at different stages of a two-stage,
weemaer2r@l upm xi ng schene to synt hesi ze fi vePOEP2DS/010595

channels fiwn the two transnitted "stereo" channels.

Al t hough the present invention has been described in

the context of .BCC coding schenes in which conbi ned

could be Hﬁ@uﬁlﬂé’d Witk oﬂgtﬁat: ceméaroihrinketd fanhtatsemé—dovlvnmpcléﬁgm diagnel with a
channe , the Etra nttte nne . i

fourth setqf RGC %ﬁ@gf&%a@;mﬁdﬁogﬁpet ARG e bl Rieitd e

original ce&mml 1 fife s&bﬁdﬂ@ﬂﬁ&xs&whdndaﬁgm clansets d:mxkdhexebdthesmxtted with

e e e 0 o B g

decoder ckflﬁ'ﬁ?c@s@il@gﬂa@p apIeineseott RRSBOCYuOiodey at Biﬁfércﬁwﬁiﬁ@s of a two-stage,
h' the present  inventign hgs be n descrl% |n

sequential Yranixiog ﬁ@h,@me 5 syplbesizedtyie RytPYCIAEIS "stereo”

invention can also be inplenented in the context of

-
.-

CharmCIsother audi o processing systenms in which 1.0

Alhaugh thecagsent|invertipndas beendescrbrs 1B r°6'&1€§§?ﬁ§ct°ﬁ§tf’g ngé‘l‘}%sm .
hgioRhAKED(i.c., the E transmitted

v o oS U B R vl bk i Oanam . o

channels) ialvp}; entbothat B@a sodes, inkltahativh embediments thesembipedIGGgyg codes could

l 0 a storage device
be transm?tlégl etthgx‘I ?dglg oaugll't Btlﬂgr Ig(bgFo&gg q@ﬁ aw@ gggggt{rg%rﬁfanm tge d ) that

ransm t 0 Signa

already had élextrhasmitted eliaweds anki@otsﬂziy]eﬂwrtlifé%lcqale%ll o signals in the
e n.and aenerate gfﬁcere@hlﬁ sdRemes, th
AlticiEp R R SRR Bl ReoRiR1R e oBE B BLORBNIR oemes, the
present inVéntfibi eh.aldoe mpdetrrqsitai inithre cotifextrofiothpt %\#@rﬂf@ﬂe‘éwstemym which

sudiosenglf <P UHAIL Lt avah ProsppRl BRFecb b oo e

AlOEH the phSnt imaﬁfdﬁ hss mﬂﬂabnmb@lamdae u:sntcwiyf owlergesthtipns in which the

caonj unctl |.NC orat 0
encoder rea?lyqsgr@tt, fmcgcb E)gttfzeo e 8?1-% nttas eg gécy g ?Enals in the
time domafrpz[ndttﬁé ®¥odelk ROei0ds R ©Ebmited eudidl ngﬁhlsﬂn Sher nnlwiomam anmgvnemtes

aters, broadcastin stream n ception.
pleack s son sy B Jau i b A SRRl PO b, i ot

1mp1ement5ﬁ6ﬂ§ SdHly ofé & hforY bfthe fnpht, BuRMMeR, arldeldyBsdkiaudib signals could be
atellite, cable, intemetTi Stranets, or physical nedia

representeé 22} agfrequmﬁa@tmdu scs, digital versatile discs,
B(iﬁéﬂc?&?%%? Elec%héx@ﬁlay batdd SH dovnfmctioNBNET o nﬁ‘o%f'p&atecﬁﬁﬁ a variety of

CC encoders and/ or decoders

different applishtinpe gr qyp,te@an@gudmgyygtm fcg)t,ng or; ehee]r?m%/ WQSXC gtatn%utton movie
theaters, bt%é?égrmén i stﬂeﬁptﬁé Aoy Fecﬁﬁfoh Weh&e HcRidY G}S&Iﬂs%t%e&ﬁngl&codmg

a user for entertainnent (action,

transmissiquis i, fos txamplsgjterrestdalssataliite, cable ynternel JHnets, 9 PW@T‘“’ m"d‘a (8-
compact dlg%u gi?.all g%%%ﬁéjcﬁmscﬁ ondH rb:ﬂ.ﬁg GRS, nRdH ards, ahnd the like).

e pub ed for miltipl’e machj nes,
BCC encommaﬂm deodas ma;edscabe dﬁml@mém DS andgampcysfermn dychding, for

example, 1rftg3<3}v8 é(g%\)l&tﬁ%l %)S’gli'cés mt%m%%f ﬁxﬁ/%/lﬁ%%s& for entegémmcnt (action, role

encoders
play, strate’gﬂ ddwntute einthbitions) riging| sporthyardade; (omimndtbeetmgnmgs) R@l/or education

that may b@@@ﬁj\g}aﬂgo artm? Lﬂlg r%gclzh?rpc% pt]zn?ormls "o elia. ?u%tegllﬂbé %coders and/or

decoders may be incorporated in audio recorders/players or CD-ROM/DVD systems. BCC encoders

I

and/or decoders may also be incorporated into PC software applications that incorporate digital decoding
'~ (e.g., player, decoder) and software applications incorporating digital encoding capabilities (e.g.,

encoder, ripper, recoder, and jukebox).
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(e.g., player, decoder) and software applications

i ncorporating digital encoding capabilities (e.qg.,
wenmeden;7o ri pper, recoder, and jukebox).The presEBRP2005/010595

i nvention may be inplenmented as circuit-based

processes, including possible inplenentation as a
ASIC o

ingle integrated circuit (such as a L .
PteRyeseny ifyention.ceay;bg impleapntcd o8 CUYigheRed SiEgsses fucfiding possible
implen@hthtidir 42 @sthgfel ihtegtaled PRGH (ARh Wil ASIO®r &PFRGA)E niulti-cHPmodule, a
. skilled jn the art, various functions of circyit ) )
single cayde o nultireggy cifeutt pagk- Arouldbe sRRJrexLto gpe,Tilled;in he aftoygious finctions
of circulittleécRiria)Rls8 bl iRslERtedI ?,Fbc&@ﬁk ¥esiin BB0ftviiee FYORraRY Slch software

in, for exanple, a digital signal .processor,
may be gplogediprior etemple, 2 étsma SignrlRrocpiIPTHBEr-cBHFpAT ST Sengral-purpose
computht €Sent invention can be enbodied in the form of

et hods and appar atuses for practicing those nethods.

Theprsseatanention canheiembodiothinghesform af rastheds predianparatuses forpragticing
j . ) Ch . o
those m?t%gc%. G4E é’ﬁ@gﬁe%l%e@ﬁ%?(ggdd@iﬂ%e@%&rg%?ﬁggﬁg}bmm in

py di skettes, j ] oth'
tangiblerraesia, sushiae foppy|diskettesy GRR M harddrivisear emnotlieeashingecadable storage

ot BRCAARIR SR A O AN G e com,
the machioe bgepmet ancippayatud for praviinig tbeinveritien. pFlepeesent inveghien @n also be |

. I : ' in.th d f :
cnboai 14355 15 BRISCLE L ol S, LGOI S B0l

and/or exevtied Ay d hachise ecwansohitizy oversaodiramsmission medinsyr careidr, suchas over
[ $ 0V

. Sone transm ssio diymor carrier ch,. [ .
electrical Vi o E4AG, o ) A et oh s Sl r gmy Tl i, en e
program\tbde i€ loadéd intwagad exdcated byla mhdhine, sush ey £¢amputehahe hixhine becomes an

d

rogram.code.i s | oaded i.nto and, execut by a machin
spparstud (R RGRUISE (5 YGRS R IRICRITHE Bciohee PAFPest pRp Gediune program
code seghefits poritsihé Witighe phRedstite PEdvida a uiaedddvice tieBpdratek alogously to
) ener al - pur pose processor, the program code segnents
SP""”ﬁcl%S‘ﬁﬁFﬂétsvmth the processor to provide a uni que device
It Rltbe FiEHeR LR rstdda Q® OufduY cRafgds etk Uethild, A@iefialg, 4nd Wirhrigements of
It will be further understood that various chapges in. .
the parts phich dayediern desgrhed apd jllystratgdin grdeniq sxpiai the npfure ﬂg'%ﬁawcghon may be
made by Mas&dkillRa iethe 88 Witll6s Gepdeith PdMelthi lsédpe bf 1BE B ehtibn@E efress€d in the
“explain the nature of this invention may be nade by
following ¢}gig%- skilled in the art without departing fromthe
ATGORS ¥ stdpith the Ycﬁﬁ(ﬂﬁx@}n&ﬁod@fa{?ﬁgsfsﬁx?, drérebAi&d th@lgaRithBSsequence
claims. Al'though the steps in the follow ng nethod
with correspanding labelingwplessthe cleimtieritationsotheryyise imply p Rprtiselat eagcace for
impléniean% Q?l'ﬁé)(;lr aA%P ﬁ'f&gé s! lﬂgs%lskepgare WO RSSwkifinfehald® be lim]jted to being
, recitations otherwse 1 npfy a particular sequence for
implemeriteroih ¢hatprrfiowlpr soquencer al | of t hose steps, those steps
are not necessarily intended to be limted to being
i mpl enmented in that particul ar sequence. CLAI M5 W

claim
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1. A nethod for encoding audi o channels, the nethod
conprising: generating one or nore cue codes for two
worompr27audi o channel s, wherein: at | east 0onePCL/EPDOHE10595
is a conbined cue code generated by conbining two or
nore estimted cue codes; and each estimted cue code
is estimated froma group of two or nore of the audio
channel s; and transm tti n&L&4¥MSone or nore cue codes.
“olaim?e et hod of claim 1, further conprising
transmtting E transmtted audi o channel (s) -
1. domethediondicading auditehannls, the method cemprisingchannel s, where
: ' | il . two or
genftsting o of REre TRk B R oo B oibrlpudb\Bafihlh, whBiny 20 el s,
whleast or@icue aers is ieondinedigue codh genemted byrcembipingtive eximore estimated cue
codﬁs_igfeinerate the E transmtted channel (s). 4. The net hod '
’of claim 1, wherein the one or nore cue codes are
tachrstimdt¢danie tadednedtimated frdmaqiap of oveerthare of thy atdieshasnels; and

processi ng during decoding of E transmitted channel (s)
mm35@3@§§ mgﬁémgg Fﬁ%%ﬁcue code, wherein the E
transmtted audi o channel (s) correspond .to the two or

re audi o chanpels, where E | . .5. The t.hod of
2 RS R ] it sl g A S e Frageel®)
correspdddinig @ theBWCorGhora atdid\khangls, whire E>T.hannel correl ation
(1 CC) code, a conbined inter-channel |evel difference
(1 CLD) code, and a conbined inter-channel tine

3. Phd h@hcIvTelalch CAerRde. 6. The nmethod of claim1,
wherein the conbi ned cue code | s generated as an

the tyg oF mgee ayfio chamnelygoraprispbrip b idineiarrls Meeeddds and7.  The

the (RbRQHaRiEls GletioWnfrixeWiERtmtetREE EaI¥RIRALEMRI(GOde i S
generated as a wei ghted average of the two or nore .
estimated cue codes. 8. The nethod of claim?7,

4. RSB of 8RED, Sotel SPHE Bt SncFPUR cHRE Urd PSRNl 8 &1aBIBE decoder to
conbi ned cue code I's associated wth a weight factor

perform gyzghgsip progrssing duringgleedding\of Edtansaitted chenrsd(s) kaser orethoueqrgftined cue
code, whfex%ﬁut tﬁé E E‘Qﬂsuﬁ@éﬁ@ug' tchmf:lgsq o &1‘39{8 t e?wQ or ﬁlgW%d{BQﬂﬁﬁicls, where
I'n the group of channe ,corr%spon Ing to the
E>1. estimated cue code. 9. The nethod of claim 1, wherein
t he conmbi ned cue code is a conbined | CC code. 10. The

met hod of claim9, wherein:
5. The method of claim 1, wherein the one or more cue codes comprise one or more of a combined

inter-channel correlation (ICC) code, a combined inter-channel level difference (ICLD) code, and a

combined inter-channel time difference (ICTD) code.

6. The method of claim 1, wherein the combined cue code is genérated as an average of the two or

more estimated cue codes.

7. The method of claim 6, wherein the combined cue code is generated as a weighted average of the

two or more estimated cue codes.

8. The method of claim 7, wherein;

each estimated cue code used to generate the combined cue code is associated with a weight factor

used in generating the weighted average; and
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the two or nore audi o channels conprise a |left
channel, a left rear channel, a right channel, and a
wo c@eb7ne@r channel ; a first estimated | CC codeCT/EP2005/010595
generated fromthe left and left rear channels; a
second estimated | CC code is generated fromthe right
and right rear channels; and the conbined I CC code is
the ggghi PicRA fdrachihated\@ie e if based ompuives actbegrogsdfichamnelsl
| CC codes. 11, Apparatus for encodi ng audi o channels,
correspepdingtothe estimnated G¥4Fo0Ei ng: neans for generating one or
nore cue codes for two or nore audi o channel s, o
wherei n: at | east one cue code is a. conbine e code
9. Foe anetitod et BTE b TEIETFH e EORPIRAA cH Foe £ TR e gode
codes; and each estimated cue code is estimated from a
group of two or nore of the audi o channels; and neans
10.fThe methed oftlaim Havhered: one or nore cue codes. 12.
the PO R §Eéi9 EhaRAOdniscs lcRRHAnnAUS @ reédtRRMBbISa fight channel, and a
generate transmtted audi o channel (s), the apparatus
right reerahgomieli ng: a code estimator adapted to generate one
ol __hor ir Q] nel s,
o B S0 o BB penk Al alfh B IR HIAE"C Lo code
a sege@niastmatdd KSC et genereted fromdhe right andaright rear hannglgeand

e

tWer nor e and a
downm xer adapted to downmi x the C input channels to

enerate the .E transm tted ch .where O E1

1. RBHBEH e Fodip by S Sy elPRRS; SohpristCl

medn§ fod pemREdtiap oabatthort b cdes foresr moresdiol chanmeldevhstrar: t o
perform synt hesi s Qr.ogessi duri d b .
A E B B frutti o ptd gt Dby BB br b€ ehimated aue

codes; af@€rei n: the apparatus is a systemselected fromthe

group . consisting of. a digital video record A, .
echertimated e odede Grigated g A RERRR Qo § B & fh piltio channels; and

meah$ fOP&Mshditihg the oB@éH hork b bedes. ter, a terrestrial
broadcast transmitter, a hone entertai nnent system

and a novie theater system and the system conprises

12, %gﬁﬁﬁﬁ’p@r @rﬁb&iﬁ?t@ﬁpx@ﬁk@i& EankkYE Feneedte E4ranstnitted audio channel(s), the

chi ne-readable nedi um having encoded t hereon .
apparatysicogpRii&tode, wherein, when the program code is
a co?g(gﬁ%ﬁgacﬁ)ﬂteé 1B BlafRSone b RofREOEIASs ol BV EorRYre aullid@hakiels, wherein:
or

~encodi ng audi o channels, the method ponprising; ated
gdwetaut cvreadn és anombined cua rode sensmtaddy cORBINGIE tHR PEMAE gFtnated cue
) g?annels, wher ei n: - .
codes; an -
each estimated cue code is estimated from a group of two-oitore of the audio channels; and.
a downmixer adapted to downmix the C input channels to generate the E transmitted channel(s),
where C>E> 1, wherein the apparatus is adapted to transmit information about the cue codes to enable a

decoder to perform synthesis processing during decoding of the £ transmitted channel(s).

13. The abpamtus of claim 12, wherein:

the apparatus is a system selected from the group consisting of a digital video recorder, a digital
audio recorder, a computer, a satellite transmitter, a cable transmitter, a terrestrial broadcast transmitter, a
home entertainment system, and a movie theater system; and

the system comprises the code estimator and the downmixer.
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at | east one cue code is a conbined cue code generated

by conmbining two or nore estimated cue codes; and each
wesdosneedd cue code is estimated from a group PET/ERPOD010595

nore of the audio channels; and transmtting the one

or nore cue codes. 15. An encoded audi o bitstream

generated by encodi ng audi o channel s, wherein: one or
14rnnAhﬁmﬁmsﬁﬁ&&wmwmmmmmwﬁgaﬁmkdﬂmhmopummmumdmamﬁdm‘wmnﬂm

ogart e S S e G 3B bR e,

menmﬂﬁquQ@ﬂgﬁg and each esti mated cue code is estimted
froma group of two_or nore of th i 0, channel s; and

gc“?‘?@%ﬁ’é%?“%“@@ﬁﬁ%ﬁ% mOFRAUEIY ﬁ?f’§ t VRB# audi o

shanRn6le(chy c60"id L5l BEk doe fdheratedby @6mbiBing tvdist ore estimated cue
channel s, where El, are encoded into the encoded audi o

codes;apd t stream 16. An encoded audi o bitstream conprising

ORE eHmdiTd Re EHR iEQUBReAROmE ghdupd$ tird dr@sbréwftth®audio channels; and
channel (s), wherein: the one or nore cue codes are

tranagmﬁmgalewemmtwemdemre audi o channel s, wherein: at
east one cue code is a conbi ned cue code gener at ed by
conbining two or nore estimated cue codes; and each

15. A ericodedapdiohitsteesthegenesated by enaedine FUMIRhANTSISoWRETE: t wo or

%tlﬁ'e Qhe 436 aﬁ% %ngrafeﬁ F56b 5 dm&@ Quala @haﬁnéﬁ ket t ed

anne correspon two or nore audio .
2t Feastrosk sue b isA mmbhgﬁcde@pde@werpﬁgy EomRkining jorar @epre estimated cue

codes: m%ﬁdlo channel (s) to generate C pl ayback audio
’ annel s, where OE 1, the nethod conpri-sing:
eaﬁmsnmawg coaede beimuot fres perodp aftwomr meee & the aydiorphannely; and

the og%%gxplﬁrggs% %Oél\é\ég g f ? hgag%rrélﬁtg(ﬁ a%?%‘qbch n@%%ng%gg d1g°‘tOQhe twro or more audio

channelspwlidréerBe barceneoded dres the mmbdehmnkhoelaﬂstrcm ed cue co d e
estimated froma group of two or nore audi o channel s
corresponding to the E transmtted channel (s);

16. Ahiitoded gudio bitfeariBomaprizingtdfe ofmbre ansides ad Kinansmitted s)dio

é enerate one or nore upni xed channel s;
channel( ﬁﬁ@? P hesi zi ng one or nore of the C playback channels

the oltYorait Miet9déshiee gerlerad €l Swd or thite andie clanneln) wheieiiri xed
aégz?s? ngclcpsup £ elg glég%thpg%ﬁgaodggéleegg vacg)%@?nlilx?g tgv% %? ?no%restxmated cue
codes; and
each estimated cue code is estimated from a group of two or more of the audio channels; and

the E transmitted audio channel(s) correspond to the two or more audio channels.

17. A method for decoding E transmitted audio channel(s) to generate C playback audio channels,

where C>E> 1, the method comprising:
receiving cue codes corresponding to the E transmitted channel(s), wherein:

at least one cue code is a combined cue code generated by combining two or more estimated cue

codes; and
each estimated cue code estimated from a group of two or more audio channels corresponding to

the E transmitted channel(s);
upmixing one or more of the E transmitted channel(s) to generate one or more upmixed channels; and
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each derived cue code is applied to generate two or

nore synt hesi zed channels. 18. The nethod of claim17,
wob@eser27a he cue codes or nore of a conbined | BA/EPINES/010595

a conbined 1 CLD code, and a conbined | CTD code. 19.

The nethod of claim 17, wherein the conbi ned cue code

IS an average of the two or no esti mat ed cue codes.
synthesizingoneof Rerg obthe Id%)i‘??@@h%gﬁé i2PPlyg the SHp Fdletfo difeone or more

upmb¢§¥g§ﬁkk,amaegghted average of the two or nore
estimated cue codes. 21.. The nethod of clai m 20,

vitkeras mere degived s oden eie derived fropte erpekingdsugeadsi ade the
CQR BERR R 0808 o d AARAGER R oinbil shitiRlzB hahd. OF

used i n generating th I ghted average; and the
wei ght factor for each estimted cue code is based on

18 PANGhethdd Jf BRI 2 u,me{efél th_;é@tg 28&% c&ﬁﬁﬁs%%ﬂé’f}ghé%g i’% :;Panhﬁned ICC code, a

estimated cue code. met hod of ¢
combingf &¢I podenandiaombinediSTI® abde.i ved cue codes are derived

by: deriving a weight factor for each group of two or
nmore channel s associated with an esti mated cue code; '
19. Qb nrgtthord wf elgimt Hewhexcin tire combined eyd opdelis@n everagdet thegweor more

. f t of the conbi ned cue code and two or nore
“ummﬁgﬁﬁfggmbight factors. 23. The nethod of claim22
wherein each derived weight factor is derived by:

: timatin ower i n .the grpup.of channels
20. 35 pEBRSAERRE Boieiein UE bl SissSRE e Melbbir qusmanof e o or
more estil@tedeugdodes act or based on the estinmated powers for
di fferent groups of channels corresponding to
different estinmated cue codes. 24. The nethod of claim
21. TiHe méthed 6f dhnit2e, vierdx:ned cue code is a conbined 1 CC
‘ code. 25. The nmethod of claim 24, wherein:the two or .
cactha] a‘feocogwasﬁn% LT IRS Bl ptcogh st W Gweight factor
used in feRdratiSd WA Aeighte@avetaghtanghannel , and a right rear
channel ; a first estimated | CC code is generated fraom
the yeight factar forsach sstimatpdeie cofiain hated on ROREAB HY SEAPiOfERagEe!s
corresponfifrg €€ edtitnat@BRs ded fromthe right and right rear.
channel s; and the conbi ned | CC code is generated by
conbining the first and second estimated | CC codes.

| 22. PR melhf JTehLiP f7, Wherelnthdtwoor mUPEE&EIVRA cue codes are derived by:. ’

deriving a weight factor for each group of two or more channels associated with an estimated cue

code; and

deriving the two or more derived cue codes as a function of the combined cue code and two or more

dérived weight factors.

23. The method of claim 22, wherein each derived weight factor is derived by:
estimating power in the group of channels corresponding to an estimated cue code; and

deriving the weight factor based on the estimated powers for different groups of channels

corresponding to different estimated cue codes.

24. The method of claim 17, wherein the combined cue code is a combined ICC code.

25. The method of claim 24, wherein:
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the conmbined 1CC code is used to de-correlate
synthesized left and left rear channels; and the
weawbomed | CC code is used to de-correl ate synedBEPDEX010595
right and right rear channels. 27. Apparatus for
decoding E transmtted audi o channel (s) to generate C
pl ayback audi o channels, where O El, the apparatus
‘ the two ApMPESsi audio chanaels comprise e defi chpnngl, @ deft rearrhennel, a right channel, and a
. ponding to the E transmtted channel (s),
"g““mﬁﬁéﬁgin: at | east one cue code is a conbi ned cue code
a firsy estionatadd G Clvpdecis ghierviteddrambe eft amd deft rartchammelsd cue
codes. ach.estimted. . ' . a
s secft s ICE 860t if Bnk Bl op HE gt Al ALl 880 0
the coibinéd IGCGewdaistgenatatediyncoaibirsng therfiest end second pstimeitaddCOigedes.
or nore of the E transmtted channel (s) to generate
one or nore upm xed channels; and neans for
26. Thy Rielipdiof tlagh 2 @haeinnor e of the C pl ayback channel s by

oo SRR 54 S90S e R 2 P i o

the célgihedad T doagnsubed t6 aebirride Suthesiodiarighammd rightieardsbarinelsd

cue code is applied to generate two or nore
synt hesi zed channels. 28. -Apparatus for decoding E

27. Appah@ETtdridesbdmad tinsihiged AldicSohahiel(@d@emirste Cpplybackatdio channels,
audi o channel s, where O El, the apparatus conprising: -

where Cofi2] the FRRIFESFAPPEYE 0 recei ve cue codes corresponding
meanb for t&8ivinglch@Eat ddrRebos B Rthé E)mansthiGEdinanneRt), Whadih: one

cue code is a conbined cue code generated by conbini nrga
attlggst ete civp Fededsst pambined cbierde SERSERICRYFORRIINELYP R TIPS Fstimtated cue
codes: an§U€ code estimated froma group of two or nore audio
> ““channel s correspond;dgg to the E transmtted
O

eash astinedtgdsone cede esmatsdifona araue @f 1 PRI 2uiRchapnelsgegegppnding to

N&ckch itted channel (s) to generate one or nore
ﬂwEmEpl?ﬁexgd cﬂg??nel s; anda synthesi zer adapted to

meansipnupeisingeneormere ofhe & tshsmitted chaphel(shivErNeEHE ARRAT ngsg upmixed
hannels: & (pl ying the cue codes to the one or nore upm xed -
¢ ~?Channel s, wherein: two or nore dérived cue codes are

meangifer synédsiting one drancrooithnEglaybaskebatmels i dpryingithd end godes to the one
|lied to generate two or nore

cue de iI.s .
or more “gwf'%é%aﬂ%sdw?'%g%el s. 29. The apparatus of clai m 28,

twotoe rdrdderived cue codes are derived from the combined cue code; and

each derived cue.code is applied to generate two or more synthesized channels.

- 28. Apparatus for decoding E transmitted audio channel(s) to-generate C playback audio channels,

where C>E2 1, the apparatus comprising:
a receiver adapted to receive cue codes corresponding to the E transmitted channel(s), wherein:

at least one cue code is a combined cue code generated by combining two or more estimated cue

codes; and
each estimated cue code estimated from a group of two or more audio channels corresponding to

the E transmitted channel(s);
an upmixer adapted to upmix one or more of the E transmitted channel(s) to generate one or more

- upmixed channels; and
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the apparatus is a systemselected fromthe group
consisting of a digital video player, a digital audio
w@b@yer227@ conputer, a satellite receiver, a cedI/EP2005/010595
receiver, a terrestrial broadcast receiver, a hone
entertai nment system and a novie theater system and
t he systen1conprises the receiver, the upm xer, and
& 13 8ynthedile ot SFRSIM HRhé emgwce cmméww apB@mgm cue codes
encoded t hereon program code, wherein, when t
to the oBF giymgse BBEed phantsle BieRsip: by a machi ne, the machl ne

B o R dori PB4 1R 40 Herfl 8B ool S48 doli Gl %g; .

channel(' to generate Cplayback audi o channel s,

©peh derived fue pedepsrpplieshiorgeraraie twor s arare synthesized chasaels,

corresponding to the E transmtted channel s), wherein:

at | east one cue code is a conbi ned cue code generated
29. Wemuﬁmgamﬁﬁ Whemgins e esti mat ed cue codes; and each

tl?ﬁj sQIQQFdSE% ﬁ%ﬁ%n gxﬁs‘gsgﬁm? 89% ﬁgi@a'lz_gfdc& %ﬂyep {atdé%tal audio

re audl anne
player, emnv@r,(@)atellmdvmga wble regeivemp terngftrialtbeoagicast rageiver, atheuie

. d ch I
entrai R Aok dnd SO BB A B L o ayback

esl zing one or

the ylemrreimprifey thepweivem thetupmixey end thd epnthesizéthe one or nore
upm xed channel s, wherein: two or nore derived cue
codes are derived fromthe conbi ned cue code; and each

30. Aemdchied-raadwlmmmélaﬁpp Encededtthereeneogire codepwhereinpyhen the program
code is & cutcl,qdebsilI azxga%m%clg,%e mac%me implements a method for decoding E transmitted audio
channel(s) to generate C playback audio channels, where C>E2 1, the method comprising:

receiving cue codes correspondihg to the E transmitted channel(s), wherein:

at least one cue code is 2 combined cue code generated by combining two or more estimated cue

codes; and
each estimated cue code estimated from a group of two or more audio channels corresponding to

the E transmitted channel(s);
upmixing one or more of the £ transmitted channel(s) to generate one or more upmixed channels; and
synthesizing one or more of the C playback channels by applying the cue codes to the one br more
uprmxcd channels, wherein: ’
two or more derived cue codes are denved from the combined cue code; and

each derived cue code is applled to generate two or more synthesized channels.
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