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WO 2006/132857 PCT/US2006/020882 -1 Description Channel
Reconfiguration with Side Information 5 Background Art With the

idespr. adoption of DVD players, the utilization of multi el
W%é]ré)g?%rf%%%n two channels) audio playback systems in the Eg%ﬂgﬁ%gnsﬁmossz

become commonplace. In addition; kiultichannel audio systems are
becoming more prevalent 10 in the automobile and next generation
satellite and terrestrial digital régsegystesns are eager to deliver
multichannel content to a growing number of multichannel playback
environments. GhmaelyReaseSginetieveitviididhtemprawders of
multichannel content face a dearth of such material. For example, most

popular music still exists as mkgwjjiﬁtereophonic ("stereo") tracks
only. As such, there is a demand to "upmix" 15 such "legacy" content that

exist¥ithdhearidaamephuiptiomiie Vb plstsise therrikizatien afmuichamsd|
(fornahRigs af.agkitionie sk inlrehieving dhis hansfasgaiome-or

example, Daglby_Pro Logic Il can take an original stereo recording an

cogupRles AN BTGP FRARS LSOO SEERHAY RTSPHERSH Hepirg ot

inflgnathenstekeantboandingeittih $D6ly niPrarafiabdig!tbrdiPrctogierd"

eadte rademarks of, Dolb c%%%%ﬁ%oz{'e%x%&%%%%ﬂ%&% &ﬁ%ﬁ%{ézgﬁ?%é&c
ge’ilver suchn an umeX 0 a consumer, acC ntent pI’OVI er may a p y an

enypmiNiegs diutismyc tses | bgaeyesoritand-te prey herd of o tithanpal gontent
iDL e RauiiRg M Uichannshsignat s EANaUMEsHIoLED Sams:

suitable multichannel delivery format such as Dolby Digital, "Dolby .
cpngrhtereephemie MERS DEEY 281 a bt sicheb RS B foriRiBH
sutiergaiivelyothannaliesed Iegaty:-caniepisnay“hatieiiaraerto frmat into

consumer Yggo may then apply the upmixing process during playback. In
2Ryt §’§*,afhe content provider has complete control over the

manrietdnawhidhittes epistifoischisated, fuihichdomatenc Fuemaprpieideelby
Viewpoi is desirable, . itio j [ .
e S A e B R B BT Bl opic
bakrsreforiecting poesistinn seushigivn e spRistRoatding pusiin PEEMNigREs
LEXIStS 1 dOWRY b PGk IHERIQAUSHBY SR -hasSOmM@shiawbacks.

irst of all, transmission of a multichannel signal in comparison to

gy SRR 87 SRS AR PR UBTIS A RCRSHESE AGATBGY BTG ™
afplannelsmiAIeg s aieans e eshoe sdvi dastespeotidtiinh anh el ayhank
e e yansmited 55 mutichanne! g0l VAN BB .8 B
delivery format such as Dolby Digital. “Dolby Digital” is a irademark of Dolby
Laboratories Licensing Corporation. Alternatively, the unaltered legacy content may
be delivered to a consumer who may then apply the upmixing process during
playback. In the former case, the content provider has complete control over the
manner in which the upmix is created, which, from the content provider’s viewpoint,
is desirable. In addition, processing constraints at the production side are generally
far less than at the playback side and, therefore, the possibility of using more ‘
sophisticated upmixing techniques exists. However, upmixing at the production side
has some drawbacks. First of all, transmission of a multichanne] signal in comparison
to a legacy signal is more expensive due to the increased number of audio channels.

Also, if a consumer does not possess a multichannel playback system, the transmitted

multichannel signal typically needs to be downmixed before playback. This
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WO 2006/132857 PCT/US2006/020882 -2 downmixed signal, in general,
is not identical to the original legacy content and may in many cases
sound inferior to the original. FIGS. 1 and 2 depict examples of prior art
WibHiitFSpplied at the production and consumption ends, FeS{a2iRdtyoss2
as just described. These examples dssume that 5 the original signal
contains M=2 channels and that th ' ' talneN78d may
oA TR 2 SO LY R o, ST CE e ey AR Al o may
in mpeoy vetiorsend, infrisrtadha EiENE, upmixing is performed at the
CONSYAPHIOM £ ey UREEIRE RS ib kBl dis ibie A M@TuCtion
receives only the audio signals upon which it is to perforrl%?an té%}m%‘%
andsenBIRRES RIS RF HE SV IS LIS ARP YD RERSHTGR EIESIMR
the BHEHA t@@x@ﬁf%%@ﬂs@ﬁam e .| issmegaaghi@mmw&;@ﬂﬂ!m@m s =6
constituting M-Chann iginal Signals (in this ther A rein,
chagggﬁ.a%%eﬁw%g &r%suéﬁ?%g gﬁé%éeeﬁogﬁl(%] gs%ﬂ%??%%%ﬁ %e_ ,%{ right
wheharheET€2) apmngiptiechtofamep atishd evicaopiipneisdn g\ HRHOKNE as 1
"Upmix3). 4 that_pro ' f audigsignals ¢
Fzéb%'fsﬁtm?ﬁ%t&% gﬁ"néﬁ%ﬁ?ﬁ%ﬁ%%ﬁ?f gl@%%pml%( Signals are gpplied
perforpformamit eolsetimaoreiaiaAdoranelisHFPEMMNEL") 6 that formats the
N-ChappghbRmbeSignalad Mo dufenn seitble fndrmismipsion ensterage.
The formatting may include data-compressjon encodirE}#é Tl%g {grm tted
Mgy RO S E0AL EARSUIBIPME RSP HEARALMRRRS BFRL 3041 S 18R *n
heMhiCiahdeiemiaitinentynelionar deformeitardesiatefl Diefonmat Hidlo
restores the 20 farmatted signals to the N-Channgl| %3]
chafitosh aﬂgﬁ?gﬁtﬁ%@&gﬁd@gﬁ?}gg& "above, i ggr%%%aq‘séé a %L{gvﬂxﬁﬁlnglger
profevieeanriooessedi xingblmctiod i Hanaie eirs)i 1Rt -GbamelikpaniiSignals.
NGRngLL R 5l OuMGhRRPeL ReWPBka | foah
“‘559 B%(%E%ﬁgar? 0 tr?i 1 , VJES%M<N. Re?e.rrin to FIG, 2, in t_h{()a Production
(“Promer)) et foraatnhsystehrarid eris MBI nG SHmatuiEsHstRUting
rdstianae: Quainal Signalnamarplies indcfaimatinndaseatoding,
formatting function ("Format") 6 éj}w?géformats,them into & :%ot m S‘ﬂtagl%tfe%ﬁ
ThedRERALSREP SIS tHY B CRErRI RO T SRS FETS:

&
reference
in REENerakisrusedifgridedonsndeldunationk that (e fssetid Y rdseosariie in

different. figures), The formatting may: i - FRSSIAR 4oy
o TRy e S S S e SRS W . s
diporten A8 vf, theandipsystéanmmiic i ide pfeataianadysrisp

- ' IR N- hesformatiedisigaaizito the
( %%(gm%%?%%ﬁé%?ﬁﬁggn@lﬁﬁ%ons (%{1 them). The

Dynaninpierasitnat SriesinHay sebysiddeEMiMbutput and they are
also pupliet qAMUPMxehimetiation portion 14 of an audio system, one or

more audio signals constituting M-Channel Original Signals are applied to a formatter

device or formatting function (“Format”) 6 that formats them into a form suitable for
transmission or storage (in this and other figures, the same reference numeral is used
for devices and functions that are essentially the same in different figures). The
formatting may include data-compression encoding. The formatied signals are
received by the Consumption portion 16 of the audio system in which a deformatter
function or deformatting device (“Deformat™) 10 restores the formatted signals to the
M-Channel Original Signals (or an approximation of them). The M-Channel Original

Signals may be provided as an output and they are also applied to an upmixer function



J or upmixing device ("Upmix") 18 that upmixes the M-Channel Original
Signals to produce N-Channel Upmix Signals. Disclosure of the Invention

or uprRRAiments 0@ Q%IB@SF“ g’n%ﬁgéi gRk EB&W&%%@JL%@ yes Qih%s 1o

arrangements of FIGS. 1'and 2. For example, according to ceftain
produggy t5'BideSigkadent invention, rather than upmixing the legacy
content at either the prgplefiion o6 eROSHRRIRR €Nd, analysis of the
legacy content by a process at, for example, an encoder may generate
LA, © b BB RS GO Biatl SEAY dori SdBHRS o (e
arrangmmanne pitGthellegdcy. dontertmptliodnfordiagian tﬁelaaiurtéaebcpimﬁ_ss af, the
presenfro{n%ﬁ‘g.y%l,e fﬁhgeﬁ?egne{i ']I' 1§ aﬁ{%e[elga\é\/h?gﬂt'éh? csi{d(% [11(;9 ?@eﬁ?@d‘tﬁ?‘cﬁ%gtm
is not critical to the mverﬁlon; any wﬁygo senglng side information are
consuRyiGh CTie |Gt for dhamspisy cvieddmptheo sisiedin s atBwlin iveencoder
may @H@Qﬁénﬁ%mﬁﬁi?ﬂ '(ﬁ&,i‘r@giﬂgd@cﬁﬁiﬁy %@fﬁ&i@}? ﬁ.ﬂeiér’g@ﬁ{f@gﬁt@, in some
seg‘,araattﬁg/ §e.rg., in its own bitstream or multiplexed with the audio
manngp iR ARS 4N ST T AU EUSHRFAT i tHE?&??%@%pé&tﬁ%@Fﬁpﬂ& @
decoder dBvicaomgrocedschstrciate dnfitmpriodustientand@a ceésice ©r theoesssation;
associated with_consumption - such devices and processes may or ma
iy et Qopmar A o o Al S Ko eS Al Bl the
side iiHfgmaesinonigeteratedibyinfventdeer(may ibstiiet hecdebbdesndowe tthe side
infornATIX éﬁsal;%gg Yy goptent, Taugwheraeedsl WPVHE%%ME%'RQM”%@%udio
. ._help of side information. Althgugh control of the upmix technique may lie
informatpl proBtRAfSn B8R, HTECLTnsHnEF St FEte VRS RATAIS R R By ioe of
plrocessoaﬁﬁjﬂtgthdt\m&yéaedﬂaym ahﬁk:k dlm‘tte @Qﬂo@emlﬂima@hﬂ@y&aﬁamption
— suaﬁ%%“ﬁéés 9f available. I adrdﬁi%’“n%ﬁ%'l%%@%%%c%%%'“%Eﬁ%‘#arnﬁ%%lfn?ge and
Utiized At an encoder to aﬁa?lyze he’legacy con entand generate side

"decoiigrmaiioninformdiigh gertimiadpbiianatiowity thesdisodet thedspiler how to
upmixSIGRITEAMIY JENYERPIORESSING JQSREFCES PREUSSIEQRY RRRIIES haSIg. side

) information rather than deriving it, Lastly, transmission cost of such upmix
informagiannfothtaednernyRt PRSI CAlHatE e e dintBnh’refurieon end, the
consupig@sent inientiasivandilovadi g aspesis:mayt invplve plagtogbacidigitdered if
ignals, in practical lications mast or all processing.functions are likel
L et e N R
may baudibzsignals erecepresentedl sivaples:Bignahplasessing adeorbingation
for a H8MRAMENS Of 16w RIEIROIRRIER Waﬁ@%%gh%& processing

wideband signals or to each frequency band of “a multiband processor,
resOUIgRY PRSFERIIR OB irARREiTTe Hiatidke ﬁ%g}re%@ﬁaﬁﬁh@a BrBedsEY BarpIb Y-
transn@iRgiGrpEsssel efidanypies sklich Asaablack of sempleswhen the digital

a%ﬂ (ggg}qi\é%%gcipr}l%&ls? Col%s 'ﬂ:ﬁe present invention and its various aspects may
involve analog or digital signals, in practical applications most or all processing functions
are likely to be performed in the digital domain on digital signal streams in which audio
signals are represented by samples. Signal processing according to embodiments of the
present invention may be applied either to wideband signals or to each frequency band of
a multiband processor, and depending on implementation, may be performed once per

sample or once per set of samples, such as a block of samples when the digital audio is

divided into blocks.



A multiband embodiment may employ either a filter bank or a transform
configuration. Thus, the examples ©f embodiments of the present
A myR¥ERionshowRaRd Aescribadiin compecton with FliGasi 3, #A-4C. transform
S5A-5C, and 6 may receive digital signals in the time domain (such as, for
configsaintpld e NPSigHAI% sh@ apBRPHEITED SfstitabiEstihdl Yorhan sy and
descrilNMvertan s RANVRISIIGIOr proceRsing s Mukiperfregren iy bagds, sighidh in
._bands may be related to critica ds of the human ear. After processing,
the v SRR R LI ol A A RO o (B e D e
to-freqaidittarisankeora dramsforrsionalpr reampioyed towshieviectinvaay eagaendych

bands SEVELSIQRADE HiNVeHeS OMEAaiRlled £XAMPIes Rl emROdINeRiH Afmay

aspects of the invention described herein employ time-to- frequency
be conyaredorass, tdhsaimE copp- i P dle @ BSLALH P FAMY T (S PORT Y
be empillybe appraciatednhowenesuthal toertsetionid its vanetis aspeetsdigailed
not Iigite to the use. of an g)g.r%cular ti e-to-frqugg%}/ convertqr Oor.
n

eXam Pl 05 T BB O1 PSS AANES Wi X sSSP of tha pradgy me-to-

frequeinvemtioriptheredsphovidetharrtiethddsoriorboessingratdast CHELHUDIAT will
be app%@:@%!e&r @o&&‘&%&f! GRLCROIREALIL AN AN SRS TG SBTR use

number of channels as the at least one audio signal, each audio signal
of anyrpHTESBHtIHG G HIRABEITATEN CHNPTEMHYS TRV RTGSAstructions for
Ch@%@@érd&}@ﬁ@é‘ﬁﬁ%lﬁid@gﬁmf @E}B@@ﬁb@?}ﬁfﬁ%ﬂi&aﬁ&ﬂﬁbﬁﬁﬂﬁ, niegificatigovided a
erein the.only gudio information that the deriving receives js the at .
methofl 8 BioEe3 B ) BPSSGHEIOR SIS FGUIRING A ot thar 210
signalihahideshd pahe atuedst @rﬂezlaa;nﬁd‘st@nﬁtﬂem’citb&sto@tisﬁcmiﬁnz S'@dl(zpchea}idio
signal' ‘ %ggﬁﬁofognc%ﬁfflgﬁﬁﬁ[gfg%@ ri ?tc{%h%n%@&g&%&&gnf&agﬂéﬁ%el
modificatiorf may each be two or more audio_signals, in which case, the
reconfygyiftie dhevat deaFopasigiRs yiEnrber dmandiBriied hsstmidhti ol nsgdio
inforrV¥A8R HREPECH:ASIRY RIBREX;derodeasahaciveonsriiiy desrdanditRation,
maodified two or more audio si n%!%ma%fﬁrovide aé1 im.prO\ged rpulticgl?.nntel
and DRI AP ARV S50d T o e TR BEIR Rl B R Ll
and (:zsignaibsstiﬁmecﬂscmcdid@i_maimpmoﬁgdﬁhgihe sense of any well-known
ﬁﬁj{gé%g&?? O%aéggl?g g%iﬁﬁ %Q%g?g&éﬁ%gﬁgn ?ﬁa"@@&@%& g@‘_{%%ﬁnore audio

, for example channel separation, spatial imaging, image

signalgtaiilityiste covhetherspdidiethd vt |8hSPoTte HER sToial knd ifgatrix-encoded

modiffesHicatian. et w1 dN0se haudiR.siaNAlSo daets anexseverahalienrabves the
for channel reconfiguring 5 .instructions., According to pne Etlt rnati\fe the

modifid NSRS 1P UBNTIRHIY IR R RS OR AUBIS Werap Gicpanel decoding
with mmdtﬁaat%su@imgfﬂt@ﬂmnmﬂiﬁmdvm qnagvctam@m&ignﬁe. Tristrdesticisg is
”imprg%/regpri]ﬂl)ﬁ?%gﬁe & B‘?%H?%ﬂ%@%‘ﬁ%%q aﬂ@%ﬁﬂ%&r 9{5@5 Méggers such

number o ll0 signals comprising'the at least one audio signal or its
as mahbdifreeisrs. including, for example channel separation, spatial imaging, 1mage

stability, etc.
Whether or not the at least one audio signal and its modification are two or more

audio signals, there are several alternatives for channel reconfiguring



According to other alternatives for channel reconfiguring instructions, the
at least one audio signal and its nfodification are two or more audio

instructigRaIS PAdfirst @ SUen.AtheLAlernative: ARSI SEUCHANRAeh Ofhe at least

downmixing the two or more audio signals such that, when downmxxed in
one atse orgaAETWiHh MREifEHR SHEPrAPHoWHAT HRG tHE! resafFRE A mBEH b
instru@aio Rignsisiipssitkartaring Mbsbef aldiodignasdemprisiagthehdwahe

or more, audio signals. In.a s con%lof such othgr alterne}tivesf the dificat
mombSp, G TSRS $7E o FRBBRH L g th S0 B RS aUIEIB s gniis Bodiffesion
Accord\'zhgncrenbeﬁigmti}ﬁwactﬁ@retamlwﬁhow@mmci;tisins:fm&?edbﬁf?gdﬁ_&t&j,One
audio H)%gnaya%%omaﬁteaﬁgﬁ%ﬁ "RBAPSNE SAME HPh-A08:PL RANEPRALA other

)Cations at which such audio signals are intended to be reproduced are
alternatiissgbe. ITHBIGI98aSTOHE S0MPRaRingI1BF Ry IdmeEBRIA HaYapis that,
when 0&¥RE 2edatawcompressadiversionsirthe aiderst aneravidiosighal @silSing

modification, r pegtivel . In %Qy of the aéterr(;ﬁtives a]nd Whe}ger of, rgq{tWO or
numbg %‘b%‘ﬁp? i5r1is EpIdyEtt THERIESORY My BE deHved Wittiol
more teféiententdsahy ehasneldredorfiguration sétsultinigefrotnethasinsttistions: for
recon({2ARMNELRCONARIING NG Alieast R RUAIR. S L RAN RPN Rance

_ 0 fréquency bands and the instructions for channel reconfiguring may
with the ingtrrofiaiseler tsseRPEEive. GhioBWRREICH REdGeTigyabarfaRit ey same but
one ofMbRAipeRtsRbiminvention elusiavdieenrcadarspimeiaing supfduced

thodls. According to embodiments of th tion, there is provided
e g8 B/ FACERL AT AL BB M B RoOHE AR o R A

compﬂmsti%sﬂudjﬁth@ﬂdbds&vh&g*aﬁtﬁ@mimrmbemﬁﬁﬁhaﬁmeI@&;::ed&'e@y.
legst,one audio signal; each audio.signal, renresenting,anasdiochannsled,

‘ comprises deriving instructions for channel reconfiguring the at least ong,
instruglifiie BigharofdtivaodiibatibreiwRBsiFPtRBYO AR seRfBHsIERE AR AT ing

from thE gRAvinGFeaRivesdsdheratdgastang audiosivna endswresifieativhuay be
providing an output that includes (1) the

o t least one audio signal orits .
Aivicd) o B B EEIARS T DB ACHS: Ik TP E O R Wit
resped1ab insipdeianyreharinektefronfiguratiend ofthecattebstonensucti ohsi gmedgron

mctaSRGTCAIRA RN SHEN B chanpsheconfiguration results from the

instructions for channel reconfiguring, and receiving the output. 6 The
magsotiingyifueihbpdniptise T NBYPaioRfi JRFTAg thETfeEeded S19Bipst for

procef24dig:SianRl grdts mediicationdsinheegeivedinstiicianadeio signal

. channel reconfiguring. The at least one audio si geal and its madification /
having,the sapy BETRGT ot HtE S did ioAalE2Th Wi GHESsEEM MGHIAEE R
reprefhtitgrersigialschaydiecamatss endodedinstodifioatidns; enthnavhenonfiguring
the o§269950- 28R AMAASGRIRIQhAN AHNEMALACRURL MiBnation tha

m‘OaIfle(?tV\.lO or rmore audio signals may provide an improved multichannel

the detéciodinecamen redpeciitteie ducatiy BeBsd ohifore isyBoss Mronading an
outpuRYA}R SiRAIS (IMREQVAdicRt one audio signal or its modification, and (2) the
instructions for channel reconfiguring but does not include any channel reconfiguration
of the at least one audic signal or its modification when such a channel reconfiguration

results from the instructions for channel reconfiguring, and receiving the output.



used in the same sense as in the first aspect of the present invention,
described above. As in the first aspect of the invention, there are

affpInatives o chanpel reeoRiigiingANRIrYctona s O £XBE R ved at least

upmixing, downmixing, and reconfiguriré%;%such that the number of audio

one agfipargRthamsitheBaddoBlirBnEmite SpRidFbRABHE VAR Shitmel
recon@éﬁﬁﬁgi@?@? araintenseddeibgaepdyaacisicatiangedeAs betheofissinore
. _aspect .of the jnvention, the at.least one audio signal or its modification in
audio R ABOTAY S5 Tt UMY COLed /Rl BT e 0l A d
modifm@hai,@mttsmdiﬁcatm [ \h/hi&hma_slze dﬂ@@d@t@i\aﬂgimay indiugeletader, the
modiﬁ‘%?‘: PEESRNNY Rt c%ﬁi?r%l?'?ﬁagu&!%&”ﬁ{ QRS0 PRadficRIAAN 120 Oding
__ the alternatives according to embodiments of the present invention, .

with rgfheehit Beriseadizecdniptessificg BEeSmpBIssiuAiR SEpldydgproved” is
used iNSHUstiong Ay hederivadwithout lefeiense: ieanyeharrelibed above.

reconfiguration resulting from the instructi for ch | fiquring.
A‘éﬁn%i}ﬁs 3 AR 1R %eenli?gﬁntt%@g;%ﬁs Olat ar;ﬂ%nra R0 I?ol{“nngmmei

gé%ta‘d‘ﬁea udio signal or Its
reconfigadificatiamemayefdividentineo freguencylbandsxingvhichreaseltiging such

thar i HEIS Rl EhanRel S caaliRAmAY O WAD (ESRER! LANPSRLEHED
' ]ffr:equenc_y ands. When the method further comprises reconfiguring the

whichrgsdivediarsieaatsciie airneedighar s dsdinEarbEsih g e rgdiidgspect
of the istEuelipnsHiorchannaldecRnfigurng oihrsmethEtbaey ehBIshenr may be a

comprise providing an audio output and selecti th [ tput.
<Y AL A SR Pt RGO B (o R v Cas

the rechavinglsresonfigudeddataleisbonedaioip signat. Methee crdot thignal or its
modifggz%g%%%q %Jl’tg_]g\; gowgsgﬁer&%% gg%&%l&ﬂﬁ(; eEE '\-[:ﬁﬁ)gghll?l@ﬁ{s OfE fiud @resenﬁ

_ signal or its Triodification using the received instructions for channel ]

inventiegomigURMPIthe. i theRMHER AIMHEICEPRINGE BOdH RITEHOXEE dIstisiOnS

may W3 '8SRADEEAJNE Faerived & Issst anerudiesignalands Rodiicationmnthe
which case when theq?t least one audio signal or its modification in the .

instugiings IEERAPLR 8BS MSre audio signals, the method may yet further
coraplisehm el dﬂpea_fiir@ the tirorantiomoréraugiolsignals: \alliBo thenal or its

modiﬁaséﬂ)?ldnﬁuﬂh% i eﬁsf%%ofﬁ%&m&%g%ﬁ@, received atleastoneaudiong for
signal or Its mo ification using the r celved instructions for channel

channedosafinfignds ghsambenvitiigynrst fiorenas OnspERETErOGRER P ariaudiben the

meth QUKL tsHeMRoditashts: ofifhe dnventiaddaciude.an sudig.enceding or its
and_decoding_ system practicin suc? methods, an audio .enc?#er ar%cljoan

modieiigT BRGE P foreaER G S LEEARH IAE GO SLEF LB AR Al od may
yet figthepdenforsespriviisystemnyaiacticipg sudhscretingds; Grdiadiaediput one of:

(1) th%eﬁog%gtf%%g Sa%cii?oamséﬁsatfag} Ria %‘&&H‘ﬁéﬂ‘&ﬁ”&?t@d&e channel-reconfigured at
least one audio signal.

Whether or not the method further comprises reconfiguring the received at least
one audio signal or its modification using the received instructions for channel
reconfiguring, the method may further comprise providing an audio output in response to
the received at least one audio signal or its modification, in which case when the at least

one audio signal or its modification in the audio output are two or



In accordance with a second aspect of the invention, a method for
processing at least one audio signal or a modification of the at least one
more FHHE %!&ﬂ@{i‘%ﬂ%&(ﬁo%ﬁ%% ”UQ%&B&PB&%@%‘& %?aﬁ‘?#?d%%%’?é Mtwo or
audio signal, ‘each audio S|gngl representing an audio channel,
more %Eh@pﬁgﬂ@ésreceiving at least one audio signal or its modification and

insthustiansfanshannstreeafiaikingcdthaiahleastione audia starabsitsaudio
[ said instructions having been deriv an instruction .

) modificati d by an
signal (5 s ORI IR YHOBIY AERH R HAAR b e R e P Ao NEEign dhe
methoduddy sigriattbeitsompdifegatieniiapdchadinalutpeonfiguring the at least one
apio,sianal of | Sn{‘s“%‘i“gﬁf@tﬁ?{%e%ﬁcrz.‘g SR, INSTHCHRNS: J&%&E'é‘?_‘%ﬁdoﬁ&odmg
audio S|gna?an Its modification .may eacuh e two or IT]OI’E‘ audio S|gnalsz
systeninfAtidteasecthamelifiedntvisbe reredsigaals tairde Aasatex-&cosed a

systenM@dificationRRdnuisns dagodrtl, ashyia MatrixdecederaAhARING e such
atrix decoder, the madified two or more audio signals mg??éé)rovide an

methogs. B0 an MAIAREAAE] B8 BRI Wit P SFAH IO YIRS HING of the
uhmadifige:iveovatimosecatidiaspignals tEiniprevediis usediad the paraessing at

least GHig RERY s!{‘aﬁEFé%th&;c‘ié‘&b&%'&‘eS ?1%%“ é'é“?egé?%?lé‘t%&ﬂ}’c?%‘%'%%i E9HIPRY same
above. AS i other embodiments of the invention, there are alternatives for

numbghahakinfetoAfigaithy ilkssuetionsdifosigramphshupmisisignabipnrabardg)e an
audio ARHIRIORBGEHGBURR 1DALINE NUMbELOhaYdIa Nkt RIMABS HGtion and
_ same but gne or more spatial locations at which such audio signals are |
instrughREY ('BRFLJRSABEE Me UraRighdsadth tHE'BtePehodinmeiigRtion.
said inbeunventibnithebatdedst adebaudionsigimalar ds-irmadifinationctn threontitptiio
. ma be a data-com e;ﬁed version 81‘ the at \east one %,l{;lio .signalé)r Es
informa lél eceived 1S said al lead hone audlo signai .or IS, m %ng’lthl . alid C annel
- mo iHiCa Ion, In' whic Casé the receiving may include data
reconGgeongpressingshenatdedist g bonlits sigddi orties mpelfkcad orstrncaiopsof
thepaliernalives ahifiss ?%BHQ%E‘%BE@%&%B‘&%QQ%@HVB@% &F fdte audio

. data compression and decompression is employed, instructions may be
signalge iy etiith St retbre MOETHANGY BN AR o CoRIRItrafSn e Sl forreoded
modifibginstetetjons:fod @odamnely eeanfiginindedsdin dhenoiberembodinanisafthe
moaii{i§ {vention, fhe aijeast one audia signal o its,madifieatian. MAY P ogin

Hivided in%o?requency Bands, N WHICh casé the mstructions for channer o e
with respesifigutindesaditseoiitls respediitedonesoofserstefidiguegsyshands.
"TmprOCSPrANGLPRe ALCINAUVE. 1S ASRechRT RINVGIIORMIAY TWINGE present
) comprise providing an audio output, and selecting as the audio output
invengpi ESEIREARPEast one audio signal or its modification, or (2) the

channgl seeanfigbieinaddeast ahe andiaiignahoACeardingte:trethier channel
Iternative, this aspect of the ipvention may further compri e_é)rov'dinrc‘%an
TSCO

re"ong%%%n%ﬂ’tsptﬁ B sponss t e relb ARSI Sgharor e such
that theodifidationf avdvhistgnals remains the same but one or more spatial locations at
which such audio signals are intended to be reproduced are changed.

As in the other embodiments of the invention, the at least one audio signal or its
modification in the output may be a data-compressed version of the at least one audio

signal or its modification, in which case the receiving may include data



case the at least one audio signal and its modification may each be two or
more audio signals and the two orsmore audio signals are matrix
decom%?@é%ﬂ?ﬁﬂé%ﬁq@gfg)ﬁ% Xﬁ&%”é? &f alterpatvg, g AsRect of th%gﬂvw'%e
1ay further comprise providing an audio output in response to the
alterngayesvidd idh appraLreCBisfiigreat dn Heasiosne beilifs sighell desthepmpression and

decon@RBQEMENE AfidiedniratienifiE uta prhaudis decader RIAGERAG @Y Plany

such methods. In accardance with.embodiments of the present.invention, .
channi, K eqR R S THARR O EPTBr B by Be %%Is? 6%’%?&&&9’% Grai8ory
the oﬂmndiﬁbaﬂﬁnemfgh:é ikl @asirim, a’hg:dizct_ stgnadeihaviing ﬁ@@h@nétmmbﬁ%@ﬁm
may 1%1 a}ﬂ@%gda $rits I(%rg l%g éroltr)la% ,dig S\'?glqgill’ %%gfb I%gdigsgrlg&%ns for channel

representing an audio channel, comprises receiving said at least two

reconfzgiig esigialkeaniinsraionsoforschaividl feeoiigtirhigdne tdeslngne one
altern@HUAIOBIONAIS RWMAe channriracanfiguiationafthe alieastidwr audio output,

sjgnals resulting from said instructions for channel reconfiguring,. sai )
and. SpiSKHRgGre' BViHG BeRHRIEVRY BY B RSt ABRVARGS iRHEe” it
modifibgionlycaudiotinfarimatienreecetfved-dd saitkatteast vdiauilindignaterdang to

mairix decoding the two or more audio signals, The matrix decoding may. ..
ot e o R R e
outputie rpidifiedtenibeoteasired autfiassigfitals rapigravicke Bhepfaggn. in which
case (HAUiGbaRnEkdskading withresrestdathe: decading.e, the wamadiisd twaio
. or more audio signals. The modified two or more signals may be a
signalgand e eyl %aiﬁaﬁwoﬁ,gaﬂa,%awr&éc%fé&egs%gﬁarm%& d&tanether
alternatian thigtive doatixidersdearicih enmotifibed: tashgrrino pecaidlicr signaldi meytput

in refIgNIde enimRroved multichannel 8 deeadino with respectio e sy oper
(?ecoding of the unmodified two oF more audio signals. 'Improvec?nfr'ls ‘use
embojinhatsaiibesensatas indiksraormbdiditsnteopthciipreseny iplvartiongthods.
d%%Ciﬂé%ﬂiéa%V%@“éﬁ{b%mH{%ﬂ@%@t&gfﬁ%éﬂi@fi‘@%imﬁ'lt'l‘?@ref'i%%l&%ded a
decoder practicing _any of such methods. In yet further embadiments of
methog dQhEREHIRETdF bR AU SIRATLS QAch MRiHiiFaiRaP feprediing tvo
audio aipasldibaehantel sare: maditiedselibhaidhemadified signals mdy pravitdeach
audio 5 irgrgll)[ov]e gemur!gcgnangﬁlodﬁg Odie g,c\(/)vrirt}hr_rgsg 7 tet%iaerdg g de{p gegsfttpv?o audio
uﬂ%nodllﬁgcfagrlla%, when dec%lg]ergl’ by amathix decodsr; %is may be
signalacewimptisheitbby farodifying orreoh gnore differéess Ivintridsicssigradl but no
chann€NAEAGIEMIRIESRESWARLPTANORY 1&AUHIRAI9RalG MY A R URFI G SIARAons
characteristics may include one or both of “amplitude and phase. )
for cligppfty fiiGOGHE Bithord iffaTEHERT RYRE PsighdFEsradiedstismstruction

derivRiveeniatiamengionediofiieraudionsignalgMmaydntiidesswpmixingihei gnals,

unmo ifie&l. Si na{s to a larger number Olf signals ,[andddow mixin Ehe s
and matrix decodin %ne wo oL moke audio sianals. LFhe m? 1L decodlt .ma% ¢ with or
upmixed sigrrals using a matrix” encoder.” Alternatively, moditying oné or
withomardediffeeancds imdetrinsiosigeadns. When decoded, the modified two or more
audio signals may provide an improved multichannel decoding with respect to the
decoding of the unmodified two or more audio signals. The modified two or more signals
may be a matrix-encoded modification, and, when decoded. as by a matrix decoder or an
active matrix decoder, the modified two or more audio signals may provide an improved

multichannel



characteristics between or among the audio signals may also include
increasing or decreasing the cros® correlation between or among ones of

decodi ﬁ'}i‘?k%ﬁi&éﬁl?tﬂé‘l?e%@ﬁ% Gemelation batween,or aMmong-the@Hdiosignals.

. signals may be variously increased and / or decreased in one or more
Impraedlidnaypisaiddicoties smbotinieAtSSImeVBRNSPIntE deepeyt invention,

descrigiRPaaids @grpieghiRipesiermithe imeihedsiatiaty aneudideseitler practicing
des ribeg methods, (2) a computer program, stored on a

any Ofcqgﬁfb’ﬂfg 8% dable medium, for causing a computer to perform any one of
the hercinrtidesenitredimethods t8) @ Gitstrearwereduvet: byuditesighate cach

audio gﬁ%ﬁ%ﬂ%%%ﬁ%%?gﬁg% cﬁ'zﬂ%e‘ﬂ gﬁ% Qigﬁ{ﬁ@@]sg %%ﬁ%%dﬁ%ag@%s may

apte the methods of ones of the herein described methods.

providpedtrigHiorPuedhepishmySIF s cading furichorPseheihatic derdng of the
unmodli@gian.ofia piRhaitasianasmentlek UpRAENgTNaYIRGA BrQduetgNished by
. portion and a con tion portion in.whig:h he upmixing i Qerformed in
modif S S Qi BOh POISACEIC SR AT SRR DAk ST Ao
the awdljpricicatiardnagenmentfar dipmixicghatingtapnodyctistugdortien amdtath of
.consumptio ion in W rforn ) -
oo T ST I P T 0 e
betwegih Qprifixiig ensboRfinien st ias sieael oiE pﬁébé% HUBRIBA fhevhiRodified
signal NSIELGHEASHIAN HRNBiXiNehAke MDIZAXGE3R8 T RErhiURLADRIA20882 hltrix

derived in a production.portion and the instructjons are applied ina. .
encodton s SHTEHO Gor PP AT RicTHEl <NBTRAGE bidbi Aot sl
charageneiadiZedvetanne| arecogfiduratidive sibedimeny oflaspectsdsf thereasing or
decree%'iﬁsetﬂt .'E‘r\’oes’s‘t&%&éﬂawgﬁcﬁe%sééﬁ%' %%ogéoén%*éadm'erﬁﬁ%ﬁaﬁ@k@“ﬁfléecross

erived in a production portion and the instructions are applied in a
correlagpaiptisn portormRICieBii e siEeib s dfevatruplodRARgeENTt / o

decreARAHESRENSRIIRe:RRARNeLraconfiguration embodiment of aspects of
the‘gresent invention in which ir,1struc:t'ons¢‘1%rt channel reconfi uratiog are
d&t

B P AHBET LB BOrISITARR tREMK S ARRIGHE SPE RSy R the
methoeBnstiangtion: pefi herei hiesighalsnaphtied @ the cpngouetipropontiontorag on a

compl?t%rrnrr]g %le% .tz%é 18RV ?&hgei{ gﬁ%ny %Ui%égg{g—:ﬁgt%:%%%% i S&ﬁcéh of the herein
reconﬁguratlon Is performed In the consumption portion without reference

descritpdhmethetuchondiotenanmelirsed Miguictiohtie Brag dssrbisétppikipds, and
a (4) SehemAlGRIaekAiagrampaf /OB GANG'YiFRAm the methods of ones of the

herein described methods.
Description of the Drawings

FIG. 1 is a functional schematic block diagram of a prior art arrangement for
upmixing having a production portion and a consumption portion in which the upmixing
is performed in the consumption portion.

FIG. 2 15 a functional schematic block diagram of a prior art arrangement for
upmixing having a production portion and a consumption portion in which the upmixing
is performed in the production portion.

FIG. 3 is a functional schematic block diagram of an example of an upmixing

embodiment of aspects of the present invention in which instructions for upmixing are
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15 channel reconfiguration embodiment of aspects of the present
invention. The signals applied to the production portion are modified to
“;Qg)ro e their channel reconfiguration when such reconfiguration is

per ormedin the consumption portion without reference to Heihetriepane:

for channel reconfiguration. The reedifiguration information is not sent

adiom the ?f@&&k&ﬂﬂi‘p%%ﬂﬁ'&n@éﬁ%ﬁ%%&@%@?@ PN 2LE éjﬁ a

functional schematic block diagram of an arrangement in which th
P9HSBuction portion modifies the signals applied by employing an upmixer

or upnaxng fMReHRRiand iEBati SRERABLSLM W Kenaading Mastian.

FIG, 5B is a functignal schematic block diagram of an arrapgement in,
e A P SRR B RIS §Pﬁ%9“s‘i‘§ﬂfé‘fgfﬁ‘ﬁaliéd’“8§?$éﬁ%fﬁ8m
fotngisrerelsscafigiatioon 26 deized i ispackiintiansdsichaematie Mehctions

al_tcglli&a ram {%f agoara%]ﬁgo@e&ttinnwhich the production portion modifies the
Signals app iednBy ucfﬁg th&ir cross correlation on a subband basis.
FIG. BIiigtg fsndiionadeiisehamiat Oibekdiagram showthe aenesdinsgdle of a

cHRHRLE.6RERGSE N 3mBAMAl e NG RIS YRh S SRERIRLAGERIVES

. N-Channel 30 signals that are desired to be reproduced by the decoder in
inghucdions e shmmg L ysteriiseraiospi denyRd da saredneiname i rdifhiram
ir@ﬂ@b‘t&i&% afbais%ﬁaalgm@naﬁﬁﬁ' tﬁfﬁ 93ﬁﬂﬁ|ﬁl .r’imi@si@@nha&ﬁgxﬂ@gogustgm in
which the encoder receives.N-channel signals that are desired to
B g P DO IR S o B A s SO0 587
sIRERAIS206I0R08 Y2ridhhaind thalsmyepiues heidd-shtonetdompositehe
. sianal r oder to the decoder. FIG. 6C is a
@%ﬁﬁgﬁr%ﬁ%ﬁ@%ﬁ%ﬂcﬁ%@aﬁ%

chematic lagram showing an example of a prior art

decod&eirta spafiaictiongchystein bivkidiagabicofitnthe sricolercsf FIG.
B AN ERCRLR AT Hin 8B o FiGedid AR iSFhRMATIE IR als

diagram of an embodiment of an encoder embodiment of aspects of the

apprdech i o BrRIBIS Hranpratien e patdified dmigespate theie fbaness a functional
redlatictisgsaryishonicigranideatizRa by Rinid MattXodeptosebrtion
D A A B S PR S e
infprmiadiog ismatrepehient. te thredBet du phoiog Gopibetiomafrtips ar mngament,

g/le\(,i?g%ﬁ:%%%% ﬁcﬁ%@ﬁ\%&%ﬂk‘ug‘ %93%%%%9&911%@ RISk AE-ARRIEAIRS
the production portion modifies the signals applied by employing an upmixer or
upmixing function and a matrix encoder or mafrix encoding function.

FIG. 5B is a functional schematic block diagram of an arrangement in which
the production portion modifies the signals applied by reducing their cross correlation.

FIG. 5C is a functional schematic block diagram of an arrangement in which
the production portion modifies the signals applied by reducing their cross correlation
on & subband basis.

FIG. 6A is a functional schematic biock diagram showing an example of a
prior art encoder in a spatial coding system in which the encoder receives N-Channel
signals that are desired to be reproduced by the decoder in the spatial coding system:.

FIG. 6B is a functional schematic block diagram showing an example of a
prior art encoder in a spatial coding system in which the encoder receives N-channel

signals that are desired to be reproduced by the decoder in the spatial coding system
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15 or more sets of uprnix side information ("Derive Upmix Information”) 21

and to a formatter device or formatting function ("Format") 22.

Alternatively, the M-Channel Original Signals of FIG. 3 may be a modified
RRASA BPthe legacy audio signals, as described below. Fo?ﬁ?%{}}%ﬂrﬂgﬁpssz

include a multiplexer or multiplexingifunction, for example, that formats or

rranges the M-Channel Original Signals, th Ix side 20 inf lon,
s e A e o R Sy S B Sl
thaAlbreiteer the output bitstream of the Production 20 portion of the

arrapgementis serial.of baralisl snek dilisakialbe iy snichmpeipat 22
may also include a suitable data- compresSion encoder or encodin
privrstideredeting wavskyodasrsnyatdoatdh Besyansr REigs6A
or ACQAsh G £1rgedisy, function. Whether the output bitstream or 25
bitstreams are encoded is also_ngo#ﬂcritig(ial to the inve io{glm'léhe e?utput
bitstfd&in’d? BitarEamas sshseticRTL AT am cﬁ‘negr’r#?x? ThE Banner.
entbdbe-EbAGHBRtGMddaodiancoftbepirangimentiit the: epatinlpteddid-|1G.
3, the output bitstream or bitstreams are received and a deformatter or
Syatg%r(l)‘rmatting function ("Deformat") 26 undoes the action of the Format 22

to prolatl the fMre6 @hkringt GrigimalsBigringsafoidaaliaphoianasiivA Bpitix
en%%@)sﬁ%@?oyﬁ%ﬁiﬂgfﬂ%@% Reformat 2@8.may include, as may be

necessary, a suitable data-compression decoder or decoding function.
The uprnix information B¢scthrEitn-etthsderentiginal Signals (or an

apprexinatiep;ak e A aRiss 0oy peToaaries GiiRmixing
function WO 2006/132857 PCT/|S2006/020882 1%w ix"), 28 that

ATTARRRRSEL HE SRR B AG RETERIRE Br S PRy mm@f?aonﬁl (%f%;3 i) in

Sigaskr@danceguith dhéipmixlinsteupiting to pdevice dy fGivaionehdy gemixes one
Signals, There maybe multiple sets of upmix inSstrkcli iding,

DU s e e o SR

formatiptdsdts of fpmitBgribrctbiotE oonetOr 3Rorelisanstii e Hesbh (Beret
oﬁ'éﬁi&resﬁ%g beripred indhe, CORSURPEQR-RRHIONIRS 1he & ARASHISRIOLI!

may be Selectable in some manner). The M-Channel Original Signals and
depihetiivipie FOPRHS R4 IS AR ot B eR AT TS BHIE B AR RT
e}gﬁng%t{ﬁﬁt &fﬁﬁ@t@&aﬁmh he RtTRY; aﬁﬁ&lf@lﬁig{éﬁyhb@nﬁlmm&@r@ﬁc@m@uts
. (as shown) ar one qr the other may be selec e selectio ing_ .
. %ﬂﬂ@ﬂ?&ﬁé’& Bips 3@7@&?6?’3?%%%%3 S HRERON nttrg Shown a@é{%@&egm.
Vb aticocentrbitarenanddhebridotifor Zxanrite, diteeusengemoeonsemsal

Although FIG. 3..shqws symbalically: t 5 =6 it wi 3
o R oA e e 2 2B AL bt W e

coraetisitapplivkon ofcadpucdansionsysieabalostadeess. or a combination

lossy and lossless encoder or encoding function. Whether the output bitstream or
bitsireams are encoded is also not critical to the invention. The output bitstreamn or
bitstreams are transmitied or stored in any suitable manner.

In the Consumption 24 portion of the arrangement of the example of FIG. 3,
the output bitstream or bitstreams are received and a deformatter or deformatting
function (“Deformat”) 26 undoes the action of the Format 22 to provide the M-
Channe! Original Signals (or an approximation of them) and the upmix information.
Deformat 26 may include, as may be necessary, a suitable data-compression decoder
or decoding function. The upmix information and the M-Channel Original Signals (or

an approximation of them) are applied to an upmixer device or upmixing function



10

15

20

25

30

15 two audio signals, representing respective stereo sound channels are
received by a device or process and it is desired to derive instructions

Wsuitgl}kﬁ)le fog_fuse in upmixing those two audio signals to what is tgﬁgical%ﬁ
RENEEE4s "5.1" channels (actually, six channels, in whidly BT HAIRIET

is a low-frequency effects channel rdduiring very little data). The original

(BRI HE AR A0 NG HRUARAINSIHENONS IMAYIRRRABRor

nt to’an upmixer or upmixing process'that applies the upmixing
themain egerrdarcanethibeatrmirsipriaietions ta e ey iaedvibame e amey gpals.
TIEHA NGB ARIUBIE ket £ BIRIONIRG SIFE IR ARt R HEWE BF . dRhAfilRc8aSeS
the original two audio signals_and relﬁéed upmixing instructions m%y be
UIYEREREY B E NP B SR RE ) B8 afﬁaaﬁa@is SRS

kPRGN dNeEHIBiaB S bro eNeithelass ciidinayrag Belfiptediahab
erforming an. upmix of the received two audio si S,.an upmix that is
CRETTRRI PRI D Sl S BT RPTIG et P e g e e R D
Thm%mpﬁgipmbﬁi@gdﬁ ford émﬁr@la_@myldﬁpadm&gndﬂ iatﬁdg@f@@@fﬂ such
ofifufls RF Ok QUG iR 0 G Ho@foﬁmg%ﬁggﬂﬁge e B8R E Be

gic Il, and Pro Logic lIx are trademarks ot Dolby Laboratories Licensing

rigvfso e ro (e Fhatinb omera v B sl P ekt plo RSB BtFEich

bcﬁﬁg\lﬁm&%@iﬂﬁ LRSI HRNEHOAN A RRIBLRIN PEROASR Hnatic
intrinsic _signal characteristics (such as amplitude and/oy phase
Rl G BRI R g ﬁ’é(oaﬂbgﬁf)%cﬁaﬁﬁmf-aﬁ[&%%%& RPithd
sHAAR Byfitai et igneiay Toi-E sl 1=1) 6 sdlihie: mubaberodfithitavingls Hewautd

i h%\é?@ee%)provided by a device or function adapted to WO 2006/132857
B 1085006/020882 - 13 use the upmix instructions (e.g., in this

examiplepadsingpleprhixpragivahaprésuioiro b aspettanhitis praseplimyenipmix
aaisira s%d&b?ag@g&%@%mﬁeg derds RESLRSILES IDRULSMESy 4

pre-enco device or function compatible with the active matrix
dendee eleproostiornadtny derirad v pdrrBstpaig srnzbl et eiidaeing
HRREWIE MAAA LIRS wiaeRAepi AN AIGaSS tdhe MBPLtHignals havelly, six

intrinsic amplitude and phase relatjonships that are used by the active.
CHABERE L COMEh R0 SRRP=L o B SRERLD (e BERR prAHEG e 'S
deampaiia desieeo audh sigaals Aoidmaitinthe spindxingrinsiosignamay then

characteristics (or having only minimally useful intrinsic_sianal 10 ..
. i i
R UL 2 RN AL A b B L S OGN AL Ritons

theeinforaudth bignakin midgr e worvidaotizndeainbstit'] whanixads, (Bppipaiy a
HPTRHRL0 A GOMRBISX HRAIXRE, iASEIRUSSE A NS ReIRY et aMals

aspects of the invention may be advantageously used for upmixing, the

ap priAtel ROYIYNG ewRrHPRA B PR FREH B BY S R DRSS 4hat may De
i&%ﬁi&lﬁ@é’fﬁﬁkﬁzﬁ the upmixing instructions but, nevertheless, it may be adapted to

performing an upmix of the received two audio signals, an upmix that is often referred
to as a “blind” upmix, as mentioned above. Such blind upmixes may be provided, for
example, by an active matrix decoder such as a Pro Logic, Pro Logic II, or Pro Logic
IIx decoder (Pro Logic, Pro Logic II, and Pro Logic IIx are trademarks of Dolby
Laboratories Licensing Corporation). Other active matrix decoders may be employed.
Such active matrix blind upmixers depend on and operate in response to inirinsic
signal characteristics (such as amplitude and/or phase relationships among signals

applied to it) to perform an upmix. A blind upmix may or may not result in the same

~ pumber of channels as would have been provided by a device or function adapted to



10

15

20

25

30

15 particular "channel configuration" is altered for playback over one or
more alternate channel configurations. An encoder, for example,

eg%rate%,s]ide information that instructs a decoder, for exarr&prlev how to
0 %132 27 . ) ) P /L"SZO?G/E}ZOSSZ
alter the original signal, if desired, for one or more alternate charine

configurations. "Channel configuratidh* in this context includes, for
nsEXRNPIS Rk AR gAMb eetRiavhackatdioRigRalsip abvedathe 20

original audio signals but also the spatial locations at which playback
chaymgis)signals are intended to be reproduced with respect to the spatial

locationgiafthearigiesbadeitsignalsyd ikgiadeoadnes tesenfiguraiians
include,, for era [

le, " ixing" ich, h |
R ECTPE e AER DR GeF FUTHLR B TR SIS PO RGig
sudihichytweneitimareodhapagiswed ynappied mmm:amémtaf@maller
aefBoeh e a0l ele SRA BHARAAR IReRIIOMARANP A ER D!

ocations at which chahnels are intended to be reproduced or directions
relggignebine thassemmeid ki the sstivrmeiriy dcndpiged Ghindn appdH f Serals
thiNFeRET.ARE-EAREENIRN,: R hipRua) R, laudspepiende Hnahibykseful
. crosstalk cancellation or processing with a cr ssta}_}%](’:ian_celjer or from
infeprie Sigark T IATEE tH % J?%\‘P{‘@;Pfﬁi’ﬁ&ﬁ?ﬁ?ﬁ‘g}ﬁli?? HHPHSCEE g by a

chipuslepnanis sintmatinhindual sieryestaioastpe piv isdiz eeifofhed binwine
context of channel reconfiguratjon. according to aspects of the present

Mg\ RE 1?<ft e ﬁﬂﬁrﬁ%ceru ngﬁgrﬁn Sia }Ihefec({:))lrlc?1 |%t§6flg?lga‘§gl Cr%%ly%glllggg}%ﬁ%n,

asgiisatssethtunher il to the number of channels in any of the resulting

alter igurati T 2
t 2&%&%‘%%?%%&0&?'&%%&8%}/%%@9@?&%%%@@%&% {44 200GA088:

-14 An exa a spatial location configuration is a conversion from a
theapphipRdhrassn BOMEI SASEA Skt gt vomArPdiertignm I ABRTAISE, deft

peﬁ%ﬁ@pdcz{iﬂﬂ&r&ﬁ{ﬁgermm@Qﬂa@alfm?nmmgwa-%eféﬁlm@m@nate
"diamond" layout, with left front, center front, right fro&;_a d sur,roundg. 5

chapPEleRRfRIBHAN o AR BRRRARG 105 COHMBIS: ZEBRFLES SRATEABREERARE of

inﬂﬂﬂjcﬂ@ﬁ%ﬁdﬁﬂf %i;@ﬁﬂﬁ; ﬂﬁﬁﬁﬂl&m I'fbxlil;‘éoggiﬁltsmmj&ﬁﬁeﬁr&!\llﬁm‘ one or
10/911,404 of Michael. John Smithers, file ust 3,,2004. entitle

R R R LIS o b ot s S

inSimitefsr dm;ﬂmeaca tebhtlie ue@edqfﬂwb@@amﬁwﬂgnaiﬂyﬁgmtg thea

NANALAGIds cRmmen femi fliaing ANt Phass %&m@@ee@@gw

assoclated with a static downmix. For example, an original signal ma

argdnisiedesk tehs remiedncah v Reatsahiodlzs Matin loratpaybaerriginal audio
siEAMEOTRBNI S RarkRNSECRRORIIS ML AY BIlARIR; 15 hiswpee: thmBentein

channel signal needs to be mixed into the left and right for pla bfacg in
whighee P Aie FIERNEIS AESRERRY d ShRFS DA AR SHEE during
ciplayflackianmiveiageioveiiah deloyr baiveeRiniigs are mapped in some manner

to a smalier number of channels, spatial location reconfiguration in which that
locations at which channels are iniended to be reproduced or directions with which
channels are associated are changed or remapped in some manner, and conversion
from binaural to loudspeaker format (by crosstalk cancellation or processing with a
crosstalk canceller) or from loudspeaker format to binaural (by “binauralization” or
processing by a loudspeaker format to binaural converter, a “binauralizer”). Thus, in
the context of channel reconfiguration according to aspects of the present invention,
the number of channels in the original signal may be less than, greater than, or equal

to the number of channels in any of the resuliing alternate channel configurations.
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15 center channel and the left and right channels. A corresponding
compensating delay is then applied to the center channel before it is
mixed with the left and right channels in order to avoid comb filtering. In
ety ,255 ower compensation is computed for and app"epqctlg%s&g%smzussz
critical band of each downmixed cha#snel in order to remove other phase

cancellation effects. Rather than co .such del ek
confﬁ‘&r%&ﬁ’gief %/%qgtéfépgg Ui ﬁtﬁﬁnpcf%%%%{%t %%&?%%\%%%%%pﬁon gllows for

quitieiplgmiecatifguasisidé Informiimieireithdnbdint, dghttﬁi@mk‘e%\ysw aad
rigﬁ% RGP ?8%%&9& lﬁ&i@h?}i@ﬁﬁ'@ g@ﬁﬂé@ﬁYW‘@ﬁé%cﬁ&oﬁ%ﬁﬂ Rl

stered configuration is required. FIG. 4A depicts an example of aspects of
leftifeoitveantiorfiont dekidranteet spraeisreconfiguration arrangement. In

the Rroduction 30.Apitioppidhe 22anapaenamapitichannel pgiraif the

Signals (legacy audio signals) are applied to a ice.ar.function.t
DA BB (8 St h U BB PATON e g Lhhee
JokiDRhiveGhakdel iResm ifortattladcMettiod Tra2anitna fowimtitmals
device or formatting function.('Format.” i | [ ith
e Tl L S SR SR v
dobmmimogifiechBOnersivritet aveilspesyeniresiyAim s a8 {ibd below.

candlS IR URBIS e 24 Ritglre amin AR iane Mite dxafplerad &migiyl signal

suitable manner. In the Consumption portion 34 ofpéhe aFri{fa%%e}zment, Ltrsle
meUeeRtiBIREERNBIh RS SEHC RIS AVET SR B REFHRRE

ceRfrmatiing iuneiamWiO 2006/ 13235 BT S 2006020882d4 & be
("Deformat") 26 (descrihed jn connection with FIG, d ction of
e PO B IR A DPEIEY b e R A B
Siafihaxdmatiniadl theayranthtive chaback racordiegr ationllfden dabreenibe
chanqelteconfiguation Jnfaralien Anch b Mhamael Qriginak Sianals
CFah B<'31np1)16§rOX|ma?ion oft e%[) are 5 app led to a device or function
is (iRe coplighte Bhemaishraethafundhnarvebniffdhedefirad gk fhaapels
e A ne I
instructions to provide N-Channel Reconfigured Signals. As in the :
andebd, Mrﬁﬁ?ﬂ&@%ﬁ%ﬂ@ﬂﬂ?&i%Sﬂ@ BHIH S SRS her

p%@%%ﬁ&iﬁﬁ@%@mn&ﬂ?ﬁ]&@%mmﬁma&suatammqmgmydsfamlam
the Consumption portion of the rrangement qr it may be selectable In
VR SR R R R S SR o ek s ele S0

riginal Signals
irdngnhieNaChosnelRcauhiiguridd Biwalsardpoptntialycpmisd dfatdecoder
- Consumption portion 34 of r nt, Eitherorboth may be
1%% | (chip %‘éef)é)t%)lﬁs §gns%8qv%/§ne)g(§r on O:E {%le pthggfmay be selected, the
selecttd. baidepintplormentadeinf asertscebilsy isEtabgn e oasHiret

ROV HRAEE AHOMANG, Ament. In the Production 30 portion of the

arrangement, M-Channel Original Signals (legacy audio signals) are applied to a
device or function that derives one or more sets of channel reconfiguration side
information (“Derive Channel Reconfiguration Information™) 32 and to a formatier
device or formatting function (“Format”) 22 (described in connection with the
example of FIG. 3). The M-Channel Original Signals of FIG. 4A may be a modified
version of the legacy audio signals, as described bélow. The output bitstream or
bitstreams are transmitted or stored in any suitable manner.

In the Consumption portion 34 of the arrangement, the output bitstream or

bitstreams are received and a deformatter device or deformatting function
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15 manual control, for example, by a user or consumer. Although FIG. 4A
shows symbolically that M=3 and N=2, it will be understood that M and N
are not limited thereto. As noted above, the "channel reconfiguration”
Wr%ay n‘fc?ude for example, "upmixing" in which one or more c(%éﬂ% Liapassa
mapped in some manner to a larger 1Aumber of channels, "downmixing" in

(NS 9 58 (BEXE e?%hé%n%%@c%&m%ﬁl@ 30 5008 MARRSHLQ Augmaller

num S, spatial location reconfl%uratlon in which that

Folseattizhts mw@gﬁmﬂ%@yﬂ@mmm d YT GEDREEO Feth HisHd
mROMS AR ARG, ARCLEOR YRiioR s a TN Al AP pRaken format (by

crosstalk cancellatlon or rocessm with a crosstalk canceller) or from

infprriprmi triatRsos émaml AL PR AR OB CeE GBS
ap@t&%eaa&@héerdsaahﬂatﬂam@wdoaﬁg@a\@ﬁane@”pmaauamz|fe¢bﬁf:mes

ura ion, eI reconfi tio cIu e
B D RAL A o A ey A kA i e
mseuoneﬁwhapmvr@rﬁe%dnasl amﬁgmdéhgmieoﬁh@mtbe BiaLk akeigpial 1f

- mdtal dpmixing.and MM@L&%@&P@@%&%{M@&@{&WH@a{vmaaeihe

art since at east as early as thé nineteen-sixties (see e.g:, Atal et al,

Reponpiamsntion’ SeuricBeiarcaarmSradin tbﬁ§qn%}im960%@3%°94é fireb.

ar?:ﬁ%é&@@ and.Bares @ei&%%ﬂ@ﬁhﬁﬁiﬁe‘iﬁ Iral GOMMEFSIDN AppabRils.e
Pat. No. 3,088 997( 1963) WO 06/1 é«?B?

MBI SOPES OB PBAL ﬁh@%@&% Els At RAtERtal
mﬁpﬁi@p&&ﬁ&ﬁ&lﬁu@aﬁwlﬂﬁmﬂ% af fﬁimﬂtfaagemsio i dfidher bbGhsaned

Original Sign mloed s inputs. The I ified so
pmvﬁ rgé(:l 9‘% qunééirec gﬂ%atlc% bgga confb OI’S]% r;%giﬁé{g? c?to)qrig%mer
balegivapbenhnisidy a@nip@tmmselaef@@m émmc@rﬁmﬁéwn&h@dw@maﬂc or
maﬁaap%%%%ﬁ@,@%&&ﬂﬁ%g chapneliRieeRhotinsignalsstha medited

signals may be a two-c hannel binauralized version of the unmodified

%Fﬁ?ﬁ%l%aﬁl&h@%%ﬁ@aw”éh’éﬁﬂglbéﬂﬁﬁ?éﬁ@?éﬁ%%%m\%etﬁ%t Lzed

iHaxRPes ShoRannsle andhenunBrdiiog signals; allhekghd)inisranhpriical
to this agpect of the invention. Refegsrlnqn% to the exarz‘?le of FIG. 4 |n the

“HBIHEE o TS 38 B SR ST ASH ARE RSB T B P Girtaf v
nileyecyfahdimdigridisyantxanplieaovidd devicenprriurietion! that rgngtht&s

ar{ﬂﬁ%ﬁ%@% 80:/\%“0 fied,56 tOQF‘éE%%%} %@1&1‘?@%@&@%@ ffion in

ignals Alternate or mo S|gnals are applie to a device

whnfl tietidncginnd efivéschoshamieln ore istandsf dh aa reesberdi gti At ASRIBn
sipfermation GReAveLhaNRsh BRsonialinpdafernationdPaandte a

formatter device or formatting function 15 ("Format") 22 (both 32 and 22
gier) or from loudspeaker format to

cgeclalenpeamastsEe THE DERAE A
binaural (by “binauralization” or processing by a loudspeaker format to binaural
converter, a “binauralizer™). In the case of binauralization, the channel
reconfiguration may include (1) an upmixing to muliiple virival channels and/or (2) a
virtual spatial location reconfiguration rendered as a two-channel stereophonic
binaural signal Virtual upmixi:ng and virtual ioudspeaker positioning are well known
in the art since at least as early as the nineteen-sixties (see e.g., Atal et al, "Apparent
Sound Source Translator," U.S. Pat. No. 3,236,949 (Feb. 26, 1966) and Bauer,
“Stereophonic to Binaural Conversion Apparatus,” U.S. Pat. No. 3,088,997 (May 7,
1963).
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Reconfiguration Information 32 may also receive non-audio information
from the Generate Alternate Signals 40 to assist it in deriving the
reconfl?&%ratlon information. The output bitstream or bitstreams are

VPSR  or stored in any suitable manner. In the Consun?&?éﬂsﬁ%ﬁ]%ggz

42 of the arrangement, the output bitséream or 20 bitstreams are received

and &, Deformat 26desarinedahovemndosshsiastepel e Fergau2?

to provide the M-Channel Alternate Signals (or an approximation of them)
maﬁ@?ﬁé“@ﬁléﬁrﬂfl tbé@ﬂn%mﬂ&ﬁmﬁlngmﬁﬂﬁ PRE R emBlsiE s ingUintbhe

sipHARRlABEA e rChaimast AlAHAAKR HEBAISHA! B ARpEEMALION of
a‘ﬁ‘fi%bg may be applied to a device or function (' Eeconﬂ ure.Channels" 44

RAPTREMYE PEXSARYERES HETAYE MR Aesgiar SIEMAILY by dppen the
m&ﬁ@uiﬁiemag'ﬂﬂmm;m&ammmmghmnﬁmm&mmmﬁheay be

C anne econ edr%o%lrucfmf‘frﬂﬂo&l}?e'zls%ns an 4A eéhaﬁnﬁlﬁs

ere are mu p e se 10ns, one se osen suc oice

Chm%@nmhﬁm@mm@n portioprabeh elairamgénie thonimediycbe
mgﬁs@&taﬁisughsm & E‘E@c'l‘i’i%ifc)al/t\é hRteg alp 8¥%‘£‘1H%%r9ﬁ;§° ripdienink el G.

0 example, the “channel reconfiguration" may include, for example,

exEBRIBA G e P AP ERRRRTEGH A S dhe ATAREEMSRh S haTRS)
Oﬁgﬂﬁl SigendepdRaing mrﬂegaﬁe\aﬁueé@wﬂ@ﬁe elelriinilaie sa

e R A R s

40 GG 060208831 bipals ate Bhplivt mderebmefmmeaﬁ igmakegoes
o B P Y,
RevenBewntigoradonnistiennatiomd Redonngiire CHigame o RHg function
(TREARRFY UHERM BIOIRAoNY) ASH BIQ¥Ie P -Ehapasl Reranfigured

Sl nals The 5 number of channels P need not be the same as the

Rﬁﬁ?ﬁﬁ%?&ﬂ&ﬂf?&%aﬂm)@ May akedacabs e s o BiERAtoP AIRDH 46
Ghaydoe Alcthere aS@a‘fm@ thessieconfigulatientis mnmﬂmatﬁ@ﬁ exarmpiton

lind u >§er such n active atrlx od am les c%f VilhICh are
tO]% % abstre 1" 1 eams ar szmt Qr 8 0

OVe). evice or ?una%on may aso prgwﬁe conversion
from m@bmumwspe@mwdémmﬁmmmwaMtMWr

phinaural-Aswith deyice, a5 funclion 30 QLR FiG AN\ S40RIe 8. do¥ise

or function 46 may provide a virtual upmixing and/or a virtual loudspeaker

Pmﬁ%mmowm%mﬁmﬁm%@w@E@ﬁ&mf@ﬂﬁ.ﬂxjm)

aHPRESchANd/RLaRasiliRnedivitiabshaneRisate MdxhanngbAlternate
Signals, the N-Channel Reconfigured Si nals and the P-Chann

| .
i Fad Bratharash Srimaie & P8 5t R W&Hmb%%%%}ﬁm
mé2gfiitetar degenenutyrcoikindinroCHenietaydthat channel

reconfigures the M-Channel Original Signals (or an approximation of them) in
accordance with the instructions to provide N-Channsl Reconfigured Signals. Asin
the FIG. 3 and 4A examples, if there are multiple sets of instructions, one set is
chosen (such choice may be fixed in the Consumption portion of the arrangement or if
may be selectable in some manner). As noted above in the description of the FIG, 4A
example, the “channel reconfiguration” may include, for example, “upmixing”
(including virtual upmixing in which a two-channel binaural signal is rendered having
upmixed virfual channels), “downmixing”, spatial location reconfiguration, and

conversion from binaural to loudspeaker format or from loudspeaker format to
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provided as outputs (the figure shows all three) or one or a combination of
them may be selected, the selection being implemented by a selector or
selection function (not shown) under automatic or manual control, f

VoA a user or consumer. A further alternative is sh&W’ H*?%Plﬂéw 020882
example of FIG. 4C. In this examplel M- 20 Channel Original Signals are

dif | fi Inf d
iAol e T A T E A B G ARa IorCAa) 45
berapghmbtomd@sd:mtffaﬂ@muhmqgﬂﬁmesmmhgmaﬁg@}ﬁmgﬁlﬁﬁﬂf’at

ﬁ%%%?er%cgW@e&ﬁ%ﬂ%ﬂﬁﬁ%ﬁ%@@oﬁ%&ﬂgﬁ%ﬁéﬂWﬁacﬁlt

egacy transmission or recording arrangement, which may be incapable

Respofigiyriiprdaimeiand o provideddrmnael despnbestrd & isalmaien,

S B HEHE RCAPY RAINA B SRR Ss 818 ﬁainwc&'faﬁaaﬂwmha@nel

stereophonlc signal, which, ip this case, has been modifi prowde
%%b?\ %%’b?f“e‘&rtg“h“ Ef%?n%&ﬁ&ﬁ?ﬁ “upmixer,
wﬁtga&mna@tmmgmﬂmaﬁl@te Ia %hacﬁmwmpuo]m gacntiocti4® white

deADgar ngQI% % ?ﬁnfcgﬁetef %‘%@,ﬂ%&g A 13%he ﬁ%ﬁ%@dﬂ %qg&lglso

provide Ghe WO potential outputs, t hannel

p%%ém%mfscmblmrﬂ -Chewdserakesdormgure & Sigeaspaska dicared

1o BRANEAT AW S ACRlal e IR ERdELNRSAIP IM-Ghapne R dgiRal or
Signals applied to the Production portion of an audlo Séstem so that such

WOASaeE) PRPEST Party) Sp TsPesionias
in(QhARR 2BPEHMADRIQhEAeHRS E@@éﬁd&t&tﬁd@i@ﬁ@r@mﬁeumﬁﬂmg in the

Consumption portion qf t onsum LS ch as
et e A e e
Ratifigsigddlinig 443 ma@ﬁm& Betoffhignal Siginy aceviowidr fumotion

at erate with less S

‘igkﬁcﬁ as ar]napP%ucE)erg?r?a/or phase regf‘%ongﬁ ﬁﬁayn’%gﬂ% 1&%@3{%88%%%?%%¥
pityvilethad ostoal Ghiefgvecshamx dbdoeRdomenre () fcioshisatien GhRficaset
vOLsignalsiising a;5atin eepdslsrmpatinla with theatitiR s iadaitive

matrix decoder. This approach is descrl ed below in connection with the

shayayandsiegrmrsc SATARGhe Ay 1o WEmR S feP A CHFIARTs to
app'Y@ﬂﬁtﬁéﬂﬁ@éﬂlaﬁM@\M&“@ﬂﬁmee andiar. signah syisthesiple, M-

ISR S RS Ay s e e
idetorsetatetdodieccodtdof Phrasthe Bisterst &Ihlmldiﬂmﬁg@tmenﬂﬁfﬂrmaﬁﬂn
SENRANELRRHER R BEIBRGIA AR 3RRRRELAHRIMPIRH AN Ry he
M-Channel Alternate Signals are applied to Format 22. Thus, a legacy transmission
or recording arrangement, which may be incapable of carrying reconfiguration
information in addition to audio information, is required to carry only a legacy-type
signal, such as a two-channel stereophonic signal, which, in this case, has been
modified to provide better results when applied to a low-compiexity consumer-type
upmixer, such as an active mairix decoder. In the Consumption portion 42 of the
arrangement, the Reconfigure Channels 44 may be omitted in order to provide one or
both of the two potential outputs, the M-Channel Alternate Signals and the P-Channel
Reconfigured Signals.

As indicated above, it may be desirable to modify the set of M-Channel
Original Signals applied to the Production portion of an audio system so that such M-
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envelopment at the cost of diminished center image stability. This is
described in connection with the example of FIG. 5B. To help reach a
balance between these signal features (width/envelopment versus center

Wﬂ]é‘&‘gl ﬁ%\sf}ﬂity), one could take advantage of the phenomeﬁ%’ﬁ*?&?%é%f’éﬁz

image stability is determined mainly /-low 20 to mid frequencies, while

im idth velo IS rmi | igher, .
Y o e
upgusiterobedscasiwobbaries ifdbpeyrienthy seerswentai® FREEEeT,
suéﬁaal%iQWa%Meﬁzﬂgaﬂ‘QQ&'&t@ frequencies by applying minimal

decorrelation, and increase the sense of envelgpment at higher

frequeRiEaydy BRpIEPIG grearimeacaigatisndirfignaol Modemparihe
sei.tpla@ sgg@mmgﬁg f&@zig&}ﬂﬁﬁfeﬂiﬂﬁ%@ égera&@mgr!:ei&fs Ell@u_er@%n& the
. Production portion 48, of the. arrangement, M-Channel Signals are
R DI RUCS T oy UR g 48 AT A B e
sigmatisiigiliepmoixe tidevioesan alisticd mpmixdegdderctiod ((Arisideltigmix) 50.

An_ "artisticy upmi typi iy, - tationally 30
st e G G R e e S e
adehtvacnatisxidscissh Baissnpiitecteiadriaishdstoreiathonshpbionmghie
exaigpRIs ApRlieghto it) on which active matrix decoders rely to perform an

upmix. Instead, an "artistic" upmixer operates in accordance with gne or

more/FIUbEsEEx M aHDRshhsst o Wasdsdmapss one or more of known
‘csﬁ@?ymemﬁ@m@mm lmféﬂxﬁ‘rsdﬁem:ﬁtﬁ@hkeﬁe
produce particular results. Such "artistic, upmixers,may, take many forms.
S A T BB R I o BRI G (Rt
exdegdrptionmayceidthectizeldiod) dtitier presdvthirseartiten bjopliscbtomre phtis
I ordi is FIG, 7 59@}&" . It ixed signal 5
Chv%i/lt 91 br%%ré%?e%%%ggﬁ%ﬁ?ﬁsgﬁﬁsepargq%trl? %‘%ﬁn@%ﬁ%ﬁ%ﬁ iIe?up,"
envielpipmentraihp aex et puminishrdormmiprévecerohibmahisiTAeserstdiof a
cRRiSHALIRC R akemplclerhIinUeS fay ReKfarming rlkrHisticreuRMbsds not
critical to this aspect of the invention. Still referring 1o FIG. 5A, t{we
Slaa%ff@awpséﬁ]&%ﬁl@*@ﬁ%%ﬁ&%ﬁ%ﬁ%@%ﬁ?ﬁ e RBBERY B H&trix
adReedin gfikagiendMaiixineooes ugshabiliovid dstamsmmal lemminteioof
chappels, the M- q%nnel AIteé ate igﬂ Is Whj[chgr%annels are.n?ngoded
C

. 188, W image widih and egyelopmen STniRec mat
SO m?ﬁhifsﬂllgsisgna charactenstice stch a amplﬁu e and phase cues,

highita bierftendecoBinsphitiag tiatsicud dodem Aosuital & enatrisvdrodderis the
. H r' . - . .

S A e Ry and

medptise ﬁ@q@ﬁﬁﬁﬁéﬁmxmt@i@ﬁ@pé@gpﬁﬁlaﬂon, and increase the sense of

envelopment at higher frequencies by employing greater decorrelation. This is
described in the example of FIG, 5C.

Referring to the example of FIG. 5A, in the Production portion 48 of the
arrangement, M-Channel Signals are upmixed to P-Channel Signals by what may be
characterized as an “artistic” upmixer device or “artistic” upmixing function (Artistic
Upmix) 50. An “artistic” upmixer, typically, but not necessarily, a computationally
complex upmixer, operates with little or no dependence on intrinsic signal
characteristics (such as amplitude and/or phase relationships among signals applied to
it) on which active matrix decoders rely o perform an upmix. Instead, an “artistic”

upmixer operates in accordance with one or more processes that the designer or
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example, a serial or parallel bitstream, as described above. Ideally, the
combination of Artistic Upmix 50 and the Matrix Encode 52 results in the
eneration of signals, which when decoded by a conventional consumer
R MAR% decoder, provides an improved listening expeﬂ‘é%@%ﬁ%mmgsz
comparison to a decoding of the oridgihal signals 20 applied to Artistic

desi m'X% J4he. Gonsumpnion b ril?&h&éé%(}éﬁr%ﬁ&@e%@é%ﬂ@%&hﬁhe

odtput bitstream or bitstreams are‘received and a Deformat 26 (described
upmiixsye atiddesIiey fursn ORMEFEmsds PIIBISARAERITHEVNESREHAM S
F1& L RAR IS AR BRI AXHRRAicT RS gbggmf Tbe s hpeelo a

Alternate Signals (or an approximation of 25 them) may be proyided ?s an

Pt Abe S & dB0 i or EHEBRI Shar TR GURE T e

wiM%%%ﬁﬂﬁbﬁjt@éﬁat?ﬂﬁQﬁliéﬁm?Uﬁ metfﬁﬁﬁﬂﬁ&wa?rerrp@enﬁmmﬂme
information ("Reconfigure Channels Wi t Reconfiguration .

SRR 68 18 FHOVOE 5 CH R ke L P schnipe

or ofclatignacis: Benfedingtah&shimisainprais thectumibel of thampens M this

mgés&gssed above, 30 such a device or function 56 may be, in the case
When the reconfiguration is upmixing, for example, a blind upmixer such
as ab@ittiskmnix s Sdethaspivsad SethavoobTigme arandisdr 2

mAUSARSRIgNalE.A0: e Ghamns!ReseniligHesd.Bisnalaesm-pateatial
outputs of the Consumption portion 54 of the ar_rang;ment.é%ne oy both of

suiplisranoBrfabmpes; ihaYobbrepestbemie ign iy SORNEE 2fe
e@ﬁ&@@ﬂkﬁéﬂﬂﬁsﬁ@ﬁ@@%@@c&ﬁ@tﬁé@@G&ﬁrla@raﬁ@imr?nmplﬁmmﬁmt
shown) undet.automatic, Qr man al Cc ntr. or exampie a HdSer.or \
S e IR B R I 75 Pl ot & MRS Slmavix
ernodeoptittiraddet of imtnmkcignaldiis o dn Oteenaigtdxtgpeodérs may also
"spatialization” in \whi e T i ifi [
oS S s s s, st pdtst o
exappliechesdaber prraBeldrichaon desseagibed ebovre it Yultrapabination

of ARESALTEIARL IPRATERHEIO TR 1933 £URIaHIRhRIASIKOE PeAE, the
signal channels can be achieved by independently processjing the,

whigh e Searrhly RRATYERINE TSRS RAIG(F HEHSHATAR RRAYHST AL,
inteteativelindespeielatiom campainehicyeddyinietiapendant yignals

rocessing, between ar.among channels. For example, out of phase
aﬁ%ﬁﬁ&ﬁ .S,tlﬁé:ﬁgpaxﬁ%ggc')rrelation) between channels can be achieved by

scalinig trdCimsertipiptheosipnai4rofthefECs Henmetagumkithy miweinother.
b]l[@tpe%go??%%ﬁéeégﬁ RORESR 7006 S0HISDHRY ALIBIRGERESIAHYE: the

eve processed and 15 unprocessed signal in each channel. As

agHenwbikaFanaviel e raqsidetthe Mdfibpanglcbiiernate Signals (or an

approximation of them)., The M-Channel Alternate Signals (or an approximation of
them) may be provided as an oufput and applied to a device or function that
reconfigures the M-Channel Alternate Signals without reference to any

reconfiguration information (“Reconfigure Channels Without Reconfiguration
Information’) 56 to provide P-Channel Reconfigured Signals. The number of
channels P need not be the same as the number of channels M. As discussed above,
such a device or function 56 may be, in the case when the reconfiguration is upmixing,
for example, & blind upmixer such as an active matrix decoder (as discussed above).
The M-Channel Alternate Signals and the P-Channel Reconfigured Signals are

potential outputs of the Consumption portion 54 of the arrangement. One or both of
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apparent sound image width or sound envelopment and diminished center
image stability. An example of decorrelation by independently processing

individual channels is set forth in the pending U.S. Patent 'épp(g_@catlons of
WORMEINE A1, S.IN. 60/604,725 (filed August 25, 2004), S. Frappa/apss2

(filed July 18, 2005), and S.N. 20 6Q765,784 (filed August 5, 2005,
attorn 0 each e title ulti I Jﬁg@tlon
thefﬁ @6% al/é1 gtegdg%usﬁge“a e &% r%nﬁ‘ él ofi\%eégrrh% é%ﬁ;% ?@Q

foriciitepend wﬁmmmmwm&%ﬁm@h foserermim bﬁé‘ BFESPaart
co éAES Convention Paper 6072 and the WO 03/090206 international
application, cited below. The M-Channel Signals with decreased

corréndhieerEns of e dRo FPOFAEIES 1A SRS D LBHRHTARLAT mput
mgﬁﬁ@é{igm%‘@Q&%@&Woﬁt@&tﬁiﬁﬁﬁzﬂﬁmﬂﬁcﬂ?ﬁ &&g&&tﬂ‘ﬁi among

app ication t nsmission .or reco e Con tion
g PGS TR AN EFal F T SR e
SigaeRsueypidindioricet of ﬂwoﬁiﬁat&ﬁdaﬂmgmdewmﬂstmﬁmgdsabove
(‘ dcd mgl d[eC% éﬁla}ﬁa gegucq{gr'; %uérg gs %ﬁ%?aﬁgﬂﬁ%E%l?&earﬁgngrﬂE@%{EmQ{ the

annels increases apparent soun Image width or sound envelopment

chamﬁe ousbofdiienibhe ihdersedantisigecsessing theindvidushtbretlErats c,
anlPoPRIR JERENARRIBNES REMEaR WIRLY anelanmentiessmaen@hiTAge

stability, signals are split into two or more frequenc ands and the a d|o

achigtph ms@@m PIRASSINB P SIBET BBEHAG

m%ﬂ@e@asﬁ{m@z a,s ﬁ@g@i%@a@@aee@&k&h%a& tanastd m@de ttdeved by
frequenmes by a y|n inimal d cor atl n,.and i In reas%the se?n%e of

FORYGTLR ORefERS ;%)ém er Foetoiretation
caaejew @g;&edélﬁnﬁéicmﬁhéepr‘mjzi udmnqganmleeve%@hmfm@qnémre

u@ﬁ?eg“%gz“’%&ﬁ}j“bba %ga%%of&y&be% atsﬁi@g%fm'%<u§a@9e%@mm

hows suc dand Filter 62 explicitly, it
ammm@ammaeg@twwhm@méwavm@mmﬁ Refidirmitirgrenisy Hrase

st@MRIOYR N LIBE SRNRIERRR P ERIDRRLARP YR AlthOLGH;Siaband

Filter 62 may take various forms and the chojice of the filter or filterin

chpelio petdori iEiemsnting ¥ SahdigindnelitetieptieaPrstie StPnvehtion.
6@5@@” ; (ﬁiliata@%@%ddem @ﬂcﬁgmonm(m&bama Su'}%ﬁalaﬂmﬁm
ands, each of whic e i conelatgr, The
6%?:%/%4 8 ugBﬂ C? %Xﬁr%}g%ﬁ%x OEr)? ec%:lg%glator
“M6linhband Deackidbendn Siatil @ﬂxﬂmm BadthR’, itdpeihgr t@mteré%tcnfd that
decorxielaﬁnd e d%‘f?:/jiait}gw%cgs% (511&%%1?&9&%@%1%%%

rre ators 15 are essentially the same

Bw@eﬁ@ﬁreﬂ ABEEB BTN I@P@@@%ﬁ@ﬁl&é%’éb@iﬁ&oﬁf%ﬂmmaﬁoml

application, cited below. The M-Channel Signals with decreased correlation are
applied to Format 22, as described above, which provides a suitable output, such as
one or more bitstreams, for application to a suitable transmission or recording. The
Consumption portion 54 of the FIG. 5B arrangement may be the same as the
Consumption portion of the FIG. 5A arrangement.

As mentioned above, adding decorrelated and/or out-of-phase content to one
or more of the channels increases apparent sound image width or sound envelopment
at the cost of diminished center image stability. In the example of FIG. 5C, to help
reach a balance between width/envelopment versus center image stability, signals are

split into two or more frequency bands and the audio subbands are processed
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operate on less than the full spectrum of the M-Channel Signals. For
simplicity in presentation, FIG. 5C shows a Subband Filter and related

Decorrelators for a single signal, it being understood that each si%nal is
W&ﬁ??ﬂf&@%bands and that each subband may be decorreftd g AE 20582

decorrelation, if any, the subbands fat each 20 signal may be summed
._together by a summer. or summing.function (“Sum') 70 T, nn.%
T L Sh A TR FFE 89 I T g R,
apphialiehbitetrbdencac discribé thatsoseth® kensorisurvgl tompvridAagbar of the

as the Consumption portion of
ﬁ‘ét%l%ﬂcg% %%8 £ Hgﬁé(rta@cmgeﬁ@%}?

e FIG. arrangements. 25 Integration with Spatial Coding

Cert&pfeasahin FHoduda R irRaeriomnty (Mhhemes R iaelh &g w
apifePd Daphalaryilist of AMRRS fReiRp ARRicA TR H A Pilklicatons

relating to spatial coding) analyz N channel.input signal.along with an
A SO A DR T B LU SR ot oo
thmmaim fifra pafdmatgdimatel ofijtie Wm@ﬂ@mm@i@&@rgsou nd
m{S IS CRI I 1R ShINA G188 SO IO BTN HNBe choice
composﬁe signal is dérived from the same'master material as the original
ofithechlieme! Sitgriak Timstitadeiatoritisoralnercorpeionasignal gpbical to the
in a{zﬁm_itgﬁﬁ;ﬁ% ﬁ%@%@ﬁ{%&@&%lgt@ﬁwa@@npo Zg%%gégggsﬂaa? faldo-HaR into R
composite signal in order to recreate ) .
bapET RO BRI e Rlipd hPoKTRASHSR BPIRE DRGNS SFEARRI
siigRalmeaunehiie)betbeduinaay faobhaf 1siadsphtial 66 nyisy2ens is
to recreate riginal sqund field with a.very limited amount of data;
DR 5 T B S PO e e
Dihererigiinal Seuatdickdnyoht Spatialicd tinglyatenigayp ifiat_li])mkb’}tcs‘s
CUAESES 0 nadel s aieinR N ehpanshF0sR san feld ey
annel level differ

inter-c ences (ILD), inter-channel timé or phase =
opiffseamcess (D Ge i ppasiainedithendinRbreei srgnals. (RoC AR
pRUERRRIAPRICE AR G RaiRA e FIUURle - JReATRIbARIRACIBSE Al

channels of the input signal being coded and are gyn mically estimated
signah irheing arssmioed it S1E9ALI SRS SR RBENS 4K RGN
stiibaid 8405 densadatiandieitdaceideanh, M alatnrehOsigitalSigrals
may be converted py a device or function ("Time to Frequency "kt
S BRI G 1 S ERERHANS e S o oy o 90 e
StuayTefenmati onaselchl &s thedFwellakid iat ShmrtatimdoDisenate Roweriel or
Transtorm (STDFET). Typically, the-jr ' ' that
P B B s o7
attraggroent may be the same as the Consumption portion of the F1G. SA and 5B

arrangements.
Integration with Spatial Coding

Certain recently-introduced limited bit rate coding techniques (see below for
an exemplary list of patents, patent applications and publications relating o spatial
coding) analyze an N channe! input signal along with an M channel composite signal
(N>M) to generate side-information containing a parametric model of the N channel
input signal’s sound field with respect to that of the M channel composite. Typically
the composite signal is derived from the same master material as the original N
channel signal. The side-information and composite signal are transmitted to a

decoder that applies the parametric model to the composite signal in order to recreate
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channel amplitude differences, inter-channel time or phase differences,
and inter- channel correlation is computed for each of the bands

"Generate Spatial Side Information). If M-Channel Composite Signals
%ﬁﬂé’gﬁéﬁafng to the N-Channel Original Signals do not a|ré‘§a”§}’ /020882
these estimates may be utilized to dawnamix 20 ("Downmix") the

N-Channel Origipal Signals, into M-Channel Cq ite Signal In-th
o G A A U oh o o T THe iR afealurte
suble “spatialtandiogd by proveisse degithte theseniginahsenns fielfusiby weisform
1R 4R BRPAY Bl oKk IR ckREe e AR AN p eRkAl PRIATDRIRLS

of the N-Channel Original Signals may be computed with respect to those
togidaty tEengiarlComddine 28udignatisl iR ismi R RkE) .
periERM N dehaBneiRroinahigaaisaes satavadalietad avellahiemet

of M-Channel Composite Signals may he upmixed in the tim ain to
T A T B S S AP0 RH Qs by a
insetohinpUtsHerthecrasmmctivepitstie tock iequeneysdey ctsnafdli fiotionBijie

th ample of FIG..6B, The,.composite signal,and imated spatial
R RS T B e B e e

ormaty into a itstream. At the
dylecuddiyB4Bn86) ois tibitstream is decoded ("Defonmat") to generate

the MyGhapnel Gmpasite Sigpais alang wihihespatiataidsrfgrmation.

The composite signals are transformed to the frequency domain ("Time to

(meedeid Arg OGnideradeid dldopmd SABEINALY ERRIEE RS WBY Sttb P 32857
di&?é{&lﬁsmd ?@@@ﬁﬁf éfto%&@gasﬂeﬂ’motmimqgaﬁ:@mﬂ' glmdm_g"ﬁplmy
patla ide Information") to nerate an N- anne rgin Ignails 1N
S e e A e R e
Dfi$erein FondyrtGraisfetni sSIIPEY BypicdlyctthieansOhanneia@ifigistal such
Signals or imations.theregf. Alternativeal spatial:si e
RS sitaet, Qs talaiie Bl e o
charocteupliusiag iR vhiletpridiearcs PR ATt Bter s A iiiE the

Axistgnceaihichannglh.rignaisfamraRisthadvsaimiatpnalametric
representation of its sound field is estimated, such a system may be
Motk a08htial

InfeemsieBhwbrNohifting! HemBesie MRIARGI TR 1 Hh s

haian el anmiiginatiN shanelsignalacsuely bealinizko patameiers
R e MR AP A P A UL
iNdehannglleuiBIGO6 e lanytiMebhanmelsign Mscispreliemepoaiithpay be
e TR e but
seaaretchyfprodtiting prpwmirtienenbthespetehparsrctrand Bet<hipifixed
Signalissspndhigld drgaivd@mifheeMect to those of the M-Channel Composite
Signals (as in the example of FIG. 6B). Similarly, if N-Channel Original Signals are
not available, an available set of M~Channel Composite Signals may be upmixed in
the time domain to produce the “N-Channel Original Signals — each set of signals
providing a set of inputs to the respective Time to Frequency devices or functions in
the example of FIG. 6B. The composite signal and the estimated spatial parameters
are then encoded (“Format”) into a single bitstream. At the decoder (FIG. 6C), this
bitstream is decoded (“Deformat”™) to generate the M-Channel Composite Signals

along with the spatial side information. The composite signals are transformed to the

frequency domain (“Time to Frequency”) where the decoded spatial parameters are
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channel legacy signals. FIG. 7 depicts such an upmixing encoder, which is
compatible with the spatial decoder depicted in FIG. 6C. Further details of

“producinz%ﬁsuch a parametric representation are provided below¥u2nggazt‘r}18%2
e%?&ﬁ‘n’gj‘ he present invention applied to a spatial coder. ngﬁef'erﬁng
to the details of FIG. 7, M-Channel €iginal Signals in the time domain

e converted to the,fr 2 IR Utilizi NNl FiTatR
PR R o B ﬁ%ﬁ%ﬁl&ﬂ?xﬂm o
an R4ClDueherigipaliRipnaaintheing Sy AomaNatont) Heri IXin
tralRRIHGHRN TR JNRSAMS TRARNSE thalispdiptsideciformatiams geigarated

_In a spatial coding system. 25 Details of generating spatial sid
i RO SRR T LI e R TBIH TGRS S ASPPERS

1lSferenees sitachhesel T.ohiye spafialabditgqpal &meteybackonstituting

upmix instructions, along with the M-Channel Oridinal Sigials % plied
toa Sé’%?rfﬁl%é%lﬁaj(gl'?\g}%?y)ﬂ%l%ﬁﬁ 81r¢mt§fs%#e% EQ/I%-Chan r%lgglcl)]r_eiginal
sigBignatmantlithe spatirkzodigpparaimetepsehvmabitneh isurame fiskd is

estiane Ig’ﬁc’é%g %s?e%%fgg MO SURBHRG M SO PRkP-cRmPRESAN
encoding. An upmixer émploying the E)arameter generation as just

thateesiibalel Yoetied PRSHRAIGH [t QTERI0R & orRTRESHHIS SR REHRem to
palf SIO0RIS DR /W 300613 BRBELRGAIHISNREH088RsAd as,
_for example, a FIG, 6C decoder, is suitable as g&o%pégg}%yéﬁmlex
SR RETOMTRE i R R S R AR A e X ampies of
iS¢ 48 HiGad A Bk shthiu g;pmmmnéhggbw@é%omm é&:
parametric representation,direc : = g&r@n ! -
p%%%tﬁlisgaé%teﬁ% .ﬁapz%%&dgé‘ﬂr}‘e%l?% %E?ﬁe lfi[\)%vnix 5 Signals a%%g encé}j\fer

chaméh whmizxsignpieablow)codes.iut spthanb 1PTETRIDE SIBHREMSHE natively,

reRAUALRBIAIPRIC IR Ay NR-ARrVES Y IRRARENG thedrsiFes tiwhannel
pmix signals at the encoder. Functionally, such signals Wgulg 1be
t

chyanelragasnaiamlsn BER- 7206pieies ush PRUBTISES ATHRISafel i Ve, the
cRhpauIdiniinferaaiion teatdbeddpriricioridesginBurdeeidesils teroducing
M-channel legacy signals. 10 FIG.Y%i idealized functionalbloc ;
St ETAPOP S SO S P I st AL ALy T resent
g rn\adal) rencodentomipatible with Pro Logic Il active matrix
deco‘i‘ﬁé -l 8l 8&%89%%&&95%%%&%9%@%&3@&%&tﬁm&A.
described above. The encoder accepts five separate input signals; left,
dcemiararﬁ'ghtl,vwﬂdster’ﬁmjﬁ@qw}fi@?ﬂ@@r\’&l}ﬁ&lwﬁ@?ﬁ?ﬁ’_@t@%ﬂe‘a{ﬁd
ﬁ%fcgnék?c% twadinal aup s eltd Biokadane HahtddalitebafshBihnThe C
input is divided equally and summed with the L and R ijzw{?uts%g ctions in
(GoebmErES0 BRIBaIoB s SR IS 3 dBISSSRER IR e%“
the same manner that spatial side information is generated in a spatial coding system.
Details of generating spatial side information in a spatial coding system are set forth
in one or more of the references cited herein. The spatial coding parameters,
constituting upmix instructions, along with the M-Channel Original Signals are
applied to a device or function (“Format™) 76 that formats the M-Channel Original
Signals and the spatial coding parameters into a form suitable for transmission or
storage. The formatting may include data-compression enco ding.

An upmixer employing the parameter generation as just described in

combination with a device or function for applying them to the signals to be upmixed
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attenuation (provided by attenuator 84) in order to maintain constant
acoustic power. The L and R inputs, each summed with the level-reduced
C input, have phase- and level-shifted versions of the LS and RS inputs
%%6#3’8&%7{/ and additively combined 20 with them. The Iefﬁ%f%f‘%’f’ﬁ@fz
input ideally is phase shifted by 90 d&§rees, shown in block 86, and then

as,gggﬁ%;e jp leve Byt %e%édm,%ts&@g@ﬁ?_ é%@kgéa?%ﬁgﬁﬁgc&%@mw&w

0 Wlth the sum‘med L and level-re Lt farther
foradebedoretaiiet Bcona® sigatieaschosx et @S riBidagSiH and SB.

COMDIRGLDh WiEE » & Brdaval-irduged fmeng R Shagershifiedy

level-reduced version of RS, as 25 next described, to provide the Rt
froypiheMrHerrm iR sRelR S hept esaemip &heKssEcd Miehpyrbpmix
sigleg aetheshRuiEiNRIRCk O6xansldher ot ¢edonclavel by thedtiBaifon.

ttenyator 98 for additive combining in combiner 100 with.the ed R
AL B BRSNS P RS Rt e e
upshigrigiels 202 doncedbtr dothvticamiipining fevelnbindd b0 gaittaiddbwithin

viSURed Hdeyerigduced &R0 Jayel-1aduatd RRRseRRilied L B.4Pthe

provide the Lt output. In principle there need be only one 90 degree

inpirpeitan KgtiviBEKSPEvaEH BaMbshennilrgsansigdahown in the figure. In

practiﬁ%;.as %%%%ﬁ%g@%etﬂﬂﬁea&magﬁwﬂﬁ c&@v&%vﬁgﬁé%ﬂﬁ% 33855;%
networks may be used with appropriate phase, shifts sq
MEER RIEHISRFIH B IDEUANTH e é%?f@%@?r%ﬁ%%a&%%ﬁfggw

mahftsiedddeassSoehuo ity ésthatabledhtage infiratxaffedtinf RIE. thhbre
frequency spegctrum) of the audi signals being process left-total
o AR o e e MpeE SRERERth, T
lefh (@)BAG andright- wiapaBt(ls €rR(-bR)AB)RL] artestRe fSRloutputs, left-
1A %ﬁt&ké WGl RYBTRS ¢ Mleh a@lﬁ%ﬁea)e;m@ﬁﬁd@mﬁ)lﬁf GiRYhe
signal, K'is the right input signal, C'is the center input signal, Ls is the left
LM GRRPHIR SRIMBIPRS A e g FESBIFIDNE) WS GRS R re
e %““@“t%“*-e’;fE“F”ﬁhm*?@i?é‘“aﬂ" 2B aenation.
y _the indicated attenuation, in, decibels (thus, m(- = ttenuation).
T RS R G RO o DlE Br Lt A e BRss, 4P
1RV O] viEFLBY SE the SHHHREY, iapdis RilrrBRetviy #0d)a@iitiyyQ. 8dtRmed
0.56*Ls), where, 0.707 i approximation i i
e S e T R
igiels Efiemddtionrefbesdaiulssellty (0.7 83 i0 Srnupigrs yrsebhatiEriical.

SUBshMaes Manb ecmplave dit-ascaRiableRIulss FhaGxieet Wither
which other values may be emploged depends on the . . )
reduced in level by 5 dB in attenuator 92 for additive combining in combiner 94 with

the summed R, level-reduced C, and a phase-shifted level-reduced version of RS, as
next described, to provide the Rt output, The right-surround (RS) input ideally is
phase shifted by 90 degrees, shown in block 96, and then reduced in level by 1.2 4B
in attenuator 98 for additive combining in combiner 100 with the summed R and
level-reduced C. It is then further reduced in level by 5 dB in attenuator 102 for
subtractive combining in combiner 104 with the summed R, level-reduced C, and
level-reduced phase-shifted LS to provide the Lt output.

In principle there need be only one 90 degree phase-shift block in each
surround input path, as shown in the figure. In practice, a 90 degres phase shifter is

unrealizable, so four all-pass networks may be used with appropriate phase shifts so
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extent to which the designer of the system deems the audible results to be
acceptable. Best Mode for* Carrying out the Invention Spatial Coding

Baclég(round 20 Consider a spatial coding system that utilizes as its side
M1t éfi"c?ﬁ"’per- critical band estimates of the inter-channel &/gFS2006/020882

differences (ILD) and inter-channel Zbherence (ICC) of the N channel

ignal, We assum number of channgls i e BIONRbIR
2 ﬁ%%%ﬁé%% teatli:‘etsfl%(ﬁa@n%eg% 5’ cag%%e S in%llseﬂgﬁ%%g‘@%ﬁgl IS N=5. De?i%%

of tiee #8ketingghediation (spgy, tpechinenrefjthermidigcigams ePreJuneatRse-
of chapngkl Qf.camPesitg.aldnalrual tanstibianshime Nedckpldiyalue is
derived by applying a time to frequency transform to the chmposng
Signal. x scht & hEGRKEHE: -7 5 | FHH RGP AR =
representatigr-af ehanspip ef 30-qriginahymrat estmae)a@tbgnd b and
time block t. This value is _.computed by applyin e side information to X/

R YRS T S e e

Lsi i eiteCeanmeldeveidifierienge R shhanght sfirttvend diginabigigphAfjidtine
respect to.channel j of Sit. b W el

sof B SE AN oL G S R R R e bl vy

thoncheatekhitofuhiéos tridfeibblsiGhas.anbANBa4 wFBIBeR)t. This value

is senf@saifRnilBAlNRn AR A S ERlR IRKRcRUIRGsan intermediate
frequency domain r(((agoresentatlon of the N channel snanal is generated
f

through appticatioh Of A8 e " Eh&Anks (£ et odferéites to the composite

as follows: RQ ¥R fo(a]MDidk: #X). 80 Hy=10Nex g decorrelated version of

Y, is rated through lication of a unique decorrelation filter H, to
VRS et OIS A Sk G5y B BRIt v
1. i tiplématitonyatide0f oG s em eypdoraitioy oFOV2AB Biteanstiiothelhre galagy |
RN HRYR s ariginal>ionpla s LAy ed A lca,

combination of Y, ’and f,, where the inter-channéel coherence controls the
aogeopoiganseiithiS komsmdtorhich other values may be employed depends on the
extent to which the designer of the system deems the audible results to be acceptable.

Best Mode for Carrying out the Invention
Spatial Coding Background
Consider a spatial coding system that utilizes as its side information per-

critical band estimates of the inter-channel level differences (YD) and inter-channel
coherence (ICC) of the N channel signal. We assume the number of channels in the
composite signal is M=2 and that the number of channels in the original signal is N=3.

Define the following notation:
X ,[b,1]: The frequency domain representation of channel j of

composite signal x at band b and time block 7. This value is derived by
applying a time to frequency transform to the composite signal x sent
to the decoder.”

Z,[b,t]: The frequency domain representation of channel 7 of
original signal estimate z at band b and time block ¢. This value is

computed by applying the side information to X ,[5,7].
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Z, [b,t] =ICC, [b, t]Y [b, t] + 1- ICC? [b, ]I, [b, t j 20 The final signal z is
then generated by applying a frequency to time transformation to Z, [b, t] .
The present invention applied to a spatial coder We now describe an
W&ﬁﬁ@&ﬁ%ﬁt of the disclosed invention that utilizes the spaﬁngG‘é%B%?mssz

described above in order to upmix-&2pM=2 channel signal into an N=6 25

channel signal. T oding requires_synthesizing.the side | t]
ILD: [b, t] and |CQ,E[‘§ frﬁ’ fﬂi?n%ﬂ%ﬁﬁ%%ﬁ%%&%ﬁ%ﬁ%%%@?ﬁ ﬁ‘§§%§§‘%§q&
produced ahthe dasoderavian Kbl 1d]RagnE Coflhdlareagpliadbiaddp

[b, t], as describhed above. As indicated above, this.approach also applies
provides a B¥hBRRRIBHA My COHTBIES ‘s Y S FRABR 3P se, when the
upmixed signals ayedhey poplisedite-ehanatlixoveR0061ERARBE % of the
PCT/US2006/020882 -27 encoder, in generating alternate signals
suitable foromigimslistgmy & heawd domp I@%ﬁ)}"iﬁﬂﬁﬂx%@osu\@ﬁ“& soiat R aifg pe
active matrixlgeadss. The first step of the preferred blind upmixing
system is_to convert the fwo- channel i,gﬁut into the spectral domain.,.The

convefsidRTo AR B SCAUPEAN SRS BE TEeaREn SRCHEN SRIR 750"

ofaveNappes-DEFa ek af thedgloskoliesipadiied toiprebentctimglar

onvolut{o al effects %aus?(ilhg)‘%sthe decorrelation filters. This DFT

differe 0 the composiie as . .
BTERTE ThatRheg e |me-?requency conversion scheme used in the

preferred e_rgff#j t of t patial coding system. The spectral
repr ‘flhﬂﬁ A &ﬁgsi’é%alﬁ%?then separated into multiple bands
approximatiné the equivalent rectangular band 10 (ERB) scale; again, this
bandifeystrdetareisith o asinrecdd theasneraisd dipgugiespplisatios s mgnique

system such that the side-informatiogn may be used erform blind
degBrriagn %tﬁ{ cCodsP ‘il]ﬁ%%]ﬁ’ H%‘r?&e @é’%S#é?%%%%mﬁ;?ﬁxn?g Yafoulated
2SSO thauialawine ea uRliea;deidl omatak+ W 1~ X [k, XZ[kt] R

XZ[K,f] Xz[K+W,t11]j X,[k+W,t] X2[k+W,t]" 15 Where, Xr [Ic, t] is the DFT of
the filgtelBinel at bin k and block t, Xz [k, t] is the DFT of the second
chanpel iy K and block |, W 8 ie ISR oL e SUIAIBIS,

C ire
and gan ms?ta eous estimate o ariance matrix i and b

ligdaplaskifaritieotve inauf charnreis: Mthoemesecdhe ditopernashy tiethe

above equation represents the conjugation of the DFT values. 20 The

DIPRIAREME S enRiBMEYT the covariance matrix is then smoothed over

each block using a simple first order IIR filter applied to the covariance
matrix in each

Z,[b,£] = ICC,[b, 1]Y;[b,£]+ 1 - ICC2[b, 117, [ b,1]
The final signal z is then generated by applying a frequency to time

transformation to Z,[b,f].

The present invention applied to a spatial coder
We now describe an embodiment of the disclosed invention that utilizes the
spatial decoder described above in order to upmix an M=2 channel signal into an N=6

channel signal. The encoding requires synthesizing the side information ILD,[b,¢]
and ICC,[b,f] from X ,[b,t] alone such that the desired upmix is produced at the
decoder when ILD[b,¢] and ICC,[b,f] are applied to X';[5,1], as described above.

As indicated above, this approach also applies provides a computationally-complex

upmixing suitable for use, when the upmixed signals are then applied to a matrix



band as shown in the following equation: RXbY= 1Rr+(1 Where, is a
smoothed estimate of the covariance matrix, and A is the 25 smoothing

coefficfient% which may be signal and band dependent. For a simple 2 to

6
VA ibAiXing system we define the channel ordering as fd| 2006/020882
Channel Enumeration Left | WO 268641.32857 PCTIUS2006/020882

eneﬁ%ér,ﬁ? i ag,nlgi&'@é{ﬁatle%{M%ﬁ%ﬁf@?%ﬁﬂf%@@w%ﬁrﬁeﬂﬁjng

the above channel mapping we develop the following per band ILD and
UPTIES TSR EnE BOBF IS RS STV FESHREIE - the smoothed covariance

Enatﬁ'[:it% @é%[g%]@p (i)a;fflgké &téré:g ’Io;ﬁmf?]@ﬁbﬂyl Zg(j;ékdhe&tib dbiickt e thve-1 _
ay_ILDi2[b,t]= [R.,t] = 1 For channel, epter): 101LD2 i[b,t] =0
chnps g %0 |@%%’?B§r§ EQIW-EHSHH%Y%S&%%%‘H §“f’[g°’t1]‘a|:‘ld"f% be
5  actoBgidied]eias 7 3% CSdttped DFDs w&t&rﬂ@%@iﬂm‘b&ah@mqjadd@ml [b,

ok el R fhicth AL 6 A A EhABARLR ARIN TR A

scheme matches the time-frequency conversion scheme used in the preferred

embodiment of the spatial coding system. The spectral representation of the signal is
then separated into multiple bands approximating the equivalent rectangular band

10  (ERB) scale; again, this banding structure is the same as the one used by the spatial
coding system such that the side-information may be used to perform blind upmixing
at the decoder. In each band b a covariance matrix is calculated as shown in the

following equation:

X, [k, b A I X
5 [X][k,f] XE[A.,JFWJ]]] 1[‘,2.‘] z[{c,r]
R}&_m . N

Xz[k,t] ar Xz{k+W,f X}‘{k‘_}_wat]x Xz{kn{*W,f]*

15 Where, X, [Jr,#] is the DFT of the first channel at bin & and block ¢, X, [k,¢] is
the DFT of the second channel at bin & and block #, W is the width of the band b
counted in bins, and R}5 is an instantancous estimate of the covariance mairix in
band b at block ¢ for the two input channels. Furthermore, the “*” operator in the
above equation represents the conjugation of the DFT values.

20 The instantaneous estimate of the covariance matrix is then smoothed over
cach block using a simple first order IR filter applied to the covariance matrix in each
band as shown in the following equation:

R = ARy + (- A)RY:
Where, R2 is a smoothed estimate of the covariance matrix, and A is the

25  smoothing coefficient, which may be signal and band dependent.

For a simple 2 to 6 blind upmixing system we define the channel ordering as

follows:

Channel Enumeration
Left 1




ILD51[b,t]=0 If Dsa [b, t] =ab,! ICC5[b,t] = 0 WO 2006/132857
PCT/US2006/020882 -29- For channel 6 (LFE): ILD6,1 [b, ] =0 ILD6,2
b, t 0 ICC6 [b, t] =1 5 In practice, an arrangement according to the
“} AUELHDe example has been found to perform well - it sgﬁfﬂaﬂ%@ﬁﬂ"é’éﬁz
sounds from ambient sounds, puts @RFect sounds into the Left and Right
Cel L,"‘.a.u.clo, anc-moves-the-ambient >(jundb totherear charmmetsviore ]
compllcated arrangements may also be created using the side

Righformation transmitted within a spatfal coding system. 10 Incorporation by
’Wmmmm—%gmmmm
ermlgv Incorporated by reference, each in their entirety. Virtual Sound
Rightdbessing Atal et al, "Apparent Sauhd Source Translator," U.S. Pat. No.
; ) augg, "Stereophonic 0 Binadral
Conversmn Annaratuq "US Pa'r lo.-3,088,997 (May 7-1963).-AC-3

(Dolby Dlgltal) ATSC Standard A52/A: Digital Audio Compression

Standgi (ﬁ&@v&%ﬁﬁh@ﬂn&@pﬁx%&ﬂ@é&ﬁﬁ&fﬂﬁ&ﬁ@@@bﬁd ILD and
Commltg &% 001, The A/52 docum t?k itjls vaa}{/‘f';\&lrlfeéQIe on 1| n.the World
Iyl ﬁt?B %EeoPg?s%a aras At “Dasign and
hnplgmggag@n_ogﬁq; oders," by Steve Vernon, IEEE Trans.
Consumer Electronics, Vol. 41, No. 3, August 1995. "The AC-3
5 Multichanpeheier't By.diark Davis, Audio Engineering Society 25
Preprint 3774, 95th AE tion, October, 1993. "High Quality,
Low-Rate Audigbrens Tm(@’ﬁdzlng for Transmission and Multimedia
Applications," by Bosi et al, Audio Engineering Society Preprint 3365,
93rd AES GékeritithT: ©ctober, 1992. United States Patents 5,583,962;
5,632,005; 5,633,981; 5,727,119; and 30 6,021,386.
IEC[b,F1=1
For channel 2 (Center).

10 ILD,,[b,{]=0

ILD,,[b,1]=0

ICC,[b,t]1=1
For Channel 3 (Right):
ILD,,[b,1] = 0
15 ILD, [b,11= A1- (e |
ICC,[b,t]=1
For channel 4 (Left Surround):

ILD, [b,f] =
ILD,,[b,1]=0
20 ICC,[b,t]1=0
For channel 5 (Right Surround}):
ILD; [b,¢]= 0
ILD;,[b,t] =™
ICC,Ib,1=0
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Spatial Coding United States Published Patent Application US
2003/0026441, published February 6, 2003 WO 2006/132857
PCT/US2006/020882 -30 United States Published Patent A}‘P lication US
W Er53 , published February 20, 2003, United States(%(}gﬁ%soﬁggzﬂsgz
Patent Application US 2003/02191389Baumgarte & Faller) published

Nov.g27..g003; & (ﬁggbc; Engineering Society Paper 5852, March 2003
Published International Patent Application WO 03/090206, published
October 30ZERo®.Piibfished International Patent Application WO
03/090207, published Oct. 30, 2003 10 Published International Patent
Application ‘&%,défﬂé“o%s, published October 30, 2003 Published

Internation?CPCa[-tgr}t] é@g})lication WO 03/007656, published January 22,
2003 United States Published Patent Application Publication US

20030336563 M artinBanmyarterdinal tpthibliskiedeReibe reenl 6 h20b&n
"Hybrid Multichannel/Cue. Coding/D ' f i0.Si ication

togi 0 SRR B feS ARQRBERE M MRS il PRlEES

sonhdlsioha tivel Atielid Right phesstim andyroaiie therambrotiiowdgiecapimpr

HARGIRLY AR RRIAR RaPSt arplthertd fiaf-ARY 8B URAN M URIED iMayi2002. 20
. "Why Binaural Cue Coding is Better than Intensity Stereo Coding," by

infosmatips feemfisd pEb e AgPtili A8 IERF®onvention Paper 5575,
112th Convention, Munigbeddan:#60 By H2esi@rc&nd Evaluation of Binaural

Cue Coding Schemes," by Baumgarte,or al, Audio Engineering Society
Co nv% ?it?}ﬁ%é PEFEE %i@ﬁ]@gﬁ\‘% %h o na,ngAél %lléc%ﬁoglglglsi %%:EI? er
in26fdrifeffigyanfeRapecsantaiitriofSpatial Audio Using Perceptual

Parameterization,” by Fal{%ﬁ%ﬁ?éo‘qﬁﬁ%rg\é%ﬁ% op on Applications of
Signal Processing to Audio and Acoustics 2001, New Paltz, New York,

Octoidrlxaeh "pppaey-SomdPouregiandue Alditda SivadalEHa8 f5eb-
zéi@gggﬁl Cue Coding," by

Bauer, “Stereophonic to Binaural Conversion Apparatus,” U.S. Pat. No.
3,088,097 (May 7, 1963).
_ AC-3 (Dolby Digital)
ATSC Standard A52/4: Digital Audio Compression Standard (AC-3), Revision
A, Advanced Television Systems Committes, 20 Aug, 2001, The A/52A document is
available on the World Wide Web at http://www.atsc.org/standards. html.

“Design and Implementation of AC-3 Coders,” by Steve Vernon, IEEE Trans.
Consumer Electronics, Vol. 41, No. 3, August 1995,

“The AC-3 Multichannel Coder” by Mark Davis, Audio Engineering Society
Preprint 3774, 95th AES Convention, October, 1993,

“High Quality, Low-Rate Audio Transform Coding for Transmission and
Muitimedia Applications,” by Bosi et al, Audio Engineering Society Preprint 3365,
93rd AES Conveniion, October, 1992,

United States Patents 5,583,962; 5,632,005; 5,633,981; 5,727,119; and
6,021,386.

Spatial Coding

United States Published Patent Application US 2003/0026441, published

February 6, 2003
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Baumgarte et al, Proc. ICASSP 2002, Orlando, Florida, May 2002, pp.

[1-1801-1804. WO 2006/132857 PCUUS2006/020882 -31 "Binaural Cue

Coding: A Novel and Efficient Representation of Spatial Audio,” by Faller
Vg ﬁ?ﬁa}&S?WCASSP 2002, Orlando, Florida, May 2002, pp. 1T {BX{00/020882

11-1844. "High-quality parametric sgéttal audio coding at low bitrates," by
Breagaar giaé@u&@gaﬁawﬂﬁsgg%mm CORYERIR PARMRNLP.

116th Convention, Berlin, May 2 "Audio Coder Enhancement using
Felmsar@ Bfaural Cue Coding with Equalized Mixing," by Baumgarte et

al, Audie-EsgieeetinsRaceint anyastiash Rrper0§08001 16 (Beanyanien,
Berlin, May 2004. 1.02"L W complexity parametric stereo coding,” by
Falen) prbisIeoNoN ¢ Bhgineering Society Convention Paper 6073, 116th

Convantio FpBadeninly|aycRO R apSitthin tidatehBiéifce in Parametric Stereo

Codi . degard i ' W’ i NEOHOKL b
Papéﬁ%B%‘%%ﬁ@é%ﬁ?eﬁ%%‘ﬁ%ﬁé &?\Jh%y 2004]?9165“%%&hgé%n U'S, Patent
3062080,448, of Kenneth James Gundry, entitled "Compatible

Mat%ﬁmﬁ%émam%&mﬂ@e&mlszJ@ adxscrete Rigiighaauadso,
Format." U.S. Patent Application S.N. 10/911,404 of Michael John

208%nithers, filed August 3, 2004, entitled "Method for Combining Audio
Signashligieg iudioinna2 0 et nreppnalisis W 83 Pate 0t Anplishtio i ober
Se§§%ldt et al, S.N. 60/604,725 (filed August 25, 2004), S.N. 60/700,137

30#84°uly 18, 2005), and S.N. 60/705,784 (filed August 5, 2005,

attorireytisblatketBaibidTtineAphlantite WO OKEHEFIfe pEdthed envarin
zfgﬁggl Audio Coding." 25 Published International Patent Application WO
03/090206, published October 30, 2003. "High-qualityyparametric gp
[

atial

audid esighgtatesinbishad Ratesy Arsbisalig Spblicationib EAdidERgs3 AL,
B2 erﬂyﬁﬁBiwﬁéa@&raﬁgégzé,l%bsgi‘qmy&mimﬁ@fmgm@ue2004- 30

Implementation The inyention may_ be implemented in hardware or
Cedmp/iiecoging eéﬁa‘b‘?ﬁlaﬁl%‘aﬁ% bé@k@ﬁ%?%#o&&@ﬁgégﬁbgic arrays).

Unlessatheavse spdbifictppliedaigStitten snd Multichannel Audio
Compression,” by Faller et al, Audio Engineering Society Convention Paper 5574,
112" Convention, Munich, May 2002.

“Why Binaural Cue Coding is Better than Intensity Stereo Coding,” by

Baumgarte et al, Audio Engineering Society Convention Paper 5575, 112%
Convention, Munich, May 2002.

“Design and Evaluation of Binaural Cue Coding Schemes,” by Baumgarte et
al, Audio Engineering Society Convention Paper 5706, 113% Convention, Los
Angeles, October 2002.

“Efficient Representation of Spatial Audio Using Perceptual
Parameterization,” by Faller et al, IEEE Workshop on Applications of Signal
Processing to Audio and Acoustics 2001, New Paltz, New York, October 2001, pp.
199-202.

“Bstimation of Auditory Spatial Cues for Binaural Cue Coding,” by
Baumgarte et al, Proc. ICASSP 2002, Orlando, Florida, May 2002, pp. 11-1801-1804.
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included as part of the invention are not inherently related to any particular
computer WO 2006/132857 PCT/11S2006/020882 -32 or other apparatus.

Ing)articulqr, various general-purpose machines may be used with
Wr?f &qﬁo{més%itten in accordance with the teachings herein, &qgmw%ozossz
more convenient to construct more $pecialized apparatus (e.g., integrated

cireulish (2 AL . SENESt MARASAEPR TN IS DY aAR My

be implemented in one“s or more computer programs executing on one or
Augiord iy GghenshalbRraso AREF 20e%ePdaadentondpridiay 20eagt dhds41-
11-pEagessor, at least one data storage system (including volatile and
non-volatile memory and/or storage elements), at least ong input device
or port ghauiir T eReTotpEid v S?W?B%Paﬁﬁ%déx;%aﬁe&?éat %
al InRUt SRt padorBithe donctisnsndrgeriboud erelhnd geheratestinl pldy
zoﬁg information. The output information is applied to one or more output
vices, in known fashion. Each such program may be implemented in
any GasidasGolaptnbrianyasgsi{nshativlg Biackisld esSediblvskhigh
RSB RAREH S GGl CDISE! AIRD R ALOAIANAMAY lBDAHARRR) iRor
ommupnicate’with a computer system. In any case, the 15 language may
6066.d tonpreBionBeptaddasi§l4ge. Each such computer program is

preferpbly SIRFREOR PhARUROdRY R @nsloRUSHIEER Alatevigrn(e.g.,
solid state memory or media, orqmﬁﬁ?etlcﬂpr optical med@grg daﬁé%‘Pya
Engdnesid PepetiSriies prog&fimabi® CoRTSEREP or® ﬁﬁ ifig dnd
operaipgitagcambidies v endhetstofegeraediagt e Hiosiigaahet by 20
the computer system to.perform the pr uteswlgscrib in,. T
AR BTy e BOB ST T L reiestyapatte. ey

2afEmputer-readable storage medium, configured with a computer

program, where the storage mediygg,sp configured causes a computer
system to operate in a specific and predefined manner to perform the

functigns Resaribd60Adint BsorethAuses Sraibotmiiits Srmmeiflention
vhave begrudeserbesh-Naverthrlessisitivibibeup desstacrbihatPeariats

moSeUATe LAY MACE WIGH Cefe g o U lhand srope o
Aagger Indepenrdatisdaddethud farCbalgeifarmetio s ignaby dbing fferdinttrom
S(t:ggé eaﬁ%gks),ed. 30 33 - We claim:

U.S. Patent Applications of Seefeldt et al, S.N. 60/604,725 (filed August 25,
2004), S.N. 60/700,137 (filed July 18, 2005), and S.N. 60/705,784 (filed August 5,
2005, attorneys® docket DOL14901), each entifled “Multichannel Decorrelation in
Spatial Audio Coding.”

Published International Patent Application WO 03/090206, published October
30, 2003.

“High-~quality parametric spatial audio coding at low bitrates,” by Breebaart et
al, Audio Engineering Society Convention Paper 6072, 116™ Convention, Berlin, May
2004,

Implementation

The invention may be implemented in hardware or software, or a combination

of both (e.g., programmable logic arrays). Unless otherwise specified, the algorithms

included as part of the invention are not inherently related to any particular computer
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1. A method for processing at least one audio signal or a modification of

the at least one audio signal having the same number of channels as said

at ég&slt one audio signal, each audio signal representing an a}udri(%00 020882
VEhANRE , comprising 5 deriving instructions for channel recon‘ﬁd&ﬁng%e A\

least one audio signal or its modificakfon, wherein the only audio

of %ﬁﬁ&[g?%%@&@t}ﬁa;i AGIANCRIRERIVESRISAIL 3L IFASHORE AMIR S12A3L A

its modification, and provioﬁr] an output that'includes (1) the at least one
PIRGHIBSIHREF LI ASCATERRRE ATiEh thslerehingic RISty CH SR FH PR 2R el
cIBRaRdaUs ensHdt nld1e speihad-alphnim:ds whereilepaichatleasispre audio
%gnal nd its.ﬁ%}odifica ion are each twp or more au?éio.sig#als. 3., The
PYHEL USRS 2Rer e he B PSS P L (At SO EHTE BhIP SPoL5
oaidie signaisanddghemodificaticomisme pamakaucitasigndls toaimnera
R alized wsrsion ot ihe siereopianicpalr gfaudl. sianals, 4. The
method of claim 2 wherein the modiied tvo of more adio s’i’gngfs are
(indodien biptavadrbedecddide menBirY hedme terdgsfal faens watdeash ae
iR ARCAIREISHAD AGHNe Jﬁégﬁ%ﬁ?@e@k@é-oﬁpJﬂa.ep}bgaﬂ{ic%@wagpseef
claims 2, 4 and 5 wherein the modified two or'more audio signals are a
toninthidaida B dcimstonsloseritedherris et &W%%%%ims 1
itforesiging whe teipwaiddenvingisasplisiionsmioscharnalyredefigesng
derives instructions for upmixing the at least one audio signal or its
modiication such that, when upmixed in accordance with the instructions
for upiaskingeitipeogrsul timay enshEenteadio signddsitsdgreaierith mghes80
_ il - ) e )
e R S O e o S R i
PERREEN B GHAE Sl 4P SP RIS Aouiflc atempREHske Ry OB AR SRS litflo
1ighnals ARdmald sapiing,patisetiens.fef.ehannel reconfiguring derives
instructions for downmixing the two or 35 more audio signals such that,
when R TKERR AR S ASEHE It 18 M StPER O S 16P BRI R, the
stgapiimgdnisnlaeriol aaidinssignaltemiess-ihamibéid) wmbegoliaudieptsighals
com risi%%lthg two or more audi? signals. 9. The method of ?r{ycfone of
THaIMSPHrough Bherel Sad AHERST bRe Bt 40 Sigharahd its
comdigificagi endaneersdicly theocommuvee el thsisiontgeanddai devivinig read by
tﬂt%?i%ﬁi}h%%wo % JOLAANE R ANIGHIRLASTIMESIRSIHGHANSTRL [eraRiiguring
system may also be considered to be implemented as a computer-readable storage

medium, configured with a computer program, where the storage medium so

* configured causes a computer system to operate in a specific and predefined manmer

to perform the functions described herein.

A number of embodiments of the invention have been described. Nevertheless, it will
be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, some of the steps described herein

may be order independent, and thus can be performed in an order different from that

described.
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40

more audio signals such that, when reconfigured in accordance with the
instructions for reconfiguring, the number of audio signals remains the
same but one or more spatial locations at which such audio signals are
|ntended to be reproduced are changed 45 34 10. The method of any
one ms 1-9 wherein the at lekSt one audio signal or its modification

in th ata co ressed ver5|on of the at least one audio signal
or |ts 1 ?% 5% °pqt Gfﬁ:ea 86t 8he BRELEFUIGMAE the at

16?[8 £ EHEL I?E 583 .%maﬁa#etam?oﬂé@w

by 0?%81 ST g e

Waﬂﬁcss C% 8%“‘% AN AGR, AinEioateh g“,d t
MGEcAR e anly 1o, .éa’ﬁio% BYIRG ISEeT i dn st

g
Ieosnemdeua oi%&ﬁn Gglfhstgi?ﬁgi}ggl d8 ero channels s said tleast one
(Liu%u : g“n% ané)udlo Si nalllr eﬁﬁt 6}&6‘1 %ﬁﬁ;@? or 1ts
mgorﬁf)anlsolnga?]ec glnga ezasglwé’ﬁéC Al fg“é ification and
instrugcti sfor reconfj unn Ieast one 0 Si or its
Ltj)'c %Fon saf}: mstrlL% onos Vit gaﬂ‘) 3‘2{8%\9@88 é?ﬁ@ﬁ‘gﬁé

enva }8191 |néw |c Yhe orlﬂly audlo inféPiidtion received is 15 said at least

one %ug!% %r |t;[s odlécgiuon dch nnel reconfl ur|n t at least

Qe 3ne dae énc pair of
Bl S s"t%%efé"ip s R M%?r? g

10 lgg
vers10 the Stereo 1 azro aud
odification are BACh tWe o More s o%lgnals 14. The method of claim

13 wher nth dified twaq or. more udlo s are_decode
madtr(?{ d@(‘:o g ?S E'? he me?h:reén of CIaim ﬁf&/h‘@?e?h HEHAE %glgma}s arc
ecode [N actlve malirlx decoder. 16. The method of any one of claims

13-1 fied di
15 1S IS TPUIEO MaSLIge Ao SR SR e s

e (e g°ga%a%'@#f¢8“f'ﬁ%%ﬁ%%ﬁ%f@gt@%sor
%anﬁnﬁrecon?lgunné SB?H eSrﬂ%J éggt one audio S|gnal or its

modl?c on sy 4 aéthe resulti | er of |o signals is greater

than t?% Sy 8%? RSP AFLI

mstrucnloor?i'; mo |o Hn (gftgfgﬂﬁglg %ggtt least one
V%,%l S éfﬁa} fg{ d glnixé) ?tbéog&&i: en upnn e in accordance with the

ins

ctions 10T upnuxing, the resulting number of audio signals is greater than the
number of audic signals comprising the at least one audio signal or its modification.

8. The method of any one of claims 1 through 6 wherein said at least one audio
signal and its modification are each two or more audio signals and said deriving
instructions for channel reconfiguring derives instructions for downmixing the two or
more audio signals such that, when downmixed in accordance with the instructions for
downmixing, the resulting number of audio signals is less than the number of audio
signals comprising the two or more audio signals.

9. The method of any one of claims 1 through 6 wherein said at least one audio
signal and its modification are each two or more audio signals and said deriving
tnstructions for channel reconfiguring derives instructions for reconfiguring the two or
more audio signals such that, when reconfigured in accordance with the instructions for
reconfiguring, the number of andio signals remains the same but one or more spatial
locations at which such audio signals are intended to be reproduced are changed.
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40

and its modification are each two or more audio signals and the

instructions for channel reconfiguring are instructions for downmixing the

two or more audio signals and said 40 channel reconfiguring downmixes

the two or more audio signals suchsthat the resulting number of audio

signals is less than the number of audio signals comprising the two or

more Addibtsignetiod of aneorteeheliistaly sfeisicthins least enwhediirsignal or

ClPA AL e BB IGia Wb sAmRE THRSHHREIO A B cetidReshpngraudio signal

Whop L) GRaTESRACHfdYinstructions for channel reconfiguring are

instructions for reconfiguring the two or more audio signals such that - 35

the nuiber SraGH GG AR vArIa R s hfhelueihsxd i detrio epatiip signal

b ISR AN AR ‘%‘M d i EsgRens aiendad thipE iR o8 sharee]

& W‘?H"ét BiHRside Qﬁﬁsdﬁé‘@cﬁﬁiﬁﬁlﬂr’ bensiherein the

instructjon for hannel 5 reconflgurlng are instructions for rendering a

iblnauré\ @éﬂj‘?’?&Fﬂ&& Qﬂfﬁ’ﬁl% tERdliRiterAdifigation of the at

8?13 r?ﬁl& WBHESHRG SRRioH i mBalncatsid stieasiene audio
EWT?&WHQ%%W%M%%%%M channel

rec (fﬁlﬁ{f i‘?@frﬂ@ﬁ@ﬂgl?&%ﬂd@’ HirBifararsteremsHBrioRidhrPhannel
fbﬁ% ?ti’f Ca5LRT BIiniciraeiymatidiragonTednaRuRionahgying
58 c‘fs ¥ i‘é‘?i BPBiAGRELPIASY BisE Hironsighdiogritgmation received is
Sn%o& a%toﬁ“? REdEEgOthRAGH urther comprising data

decom aggg r’iﬁc §Pfé%sf L5517 Rl O e Fh oM 9asiom ugiRg said
'St any one of claims 12-21 wherein said at least one audio signal

or its g:atlo IS dl ed into frequency bands and said instructions for
T%;gp o thgéﬁ@é?ﬁ%%b@&%@%@& ggppl and its

re BARGEC FI*HBTWWBCF’@P%Hy one of claims 12-23 further
compr, row?ggg audio output, and selectlﬁ% as the audio output
£neo % % (}n 13&5?0‘@?@?%@ S asbBrrtatienr srotepudio signals are
c?ﬁ%%e ¥eac%f§’ﬁfe%t Yeast one audio signal. 25 25. The method of any
one of S 1%?5 é{] éther comprising providing an audio output in

§:@ Q&0E S e K PORE R o TeRiHEl drord chip amiasiivhBerix

drf *“Fie method of claim 25 wherein said at least one audio signal and its

mod|f| re each two or more audio signals, the method further
%ﬂ% &Eﬁ o of any one of claims 13-15 wherein the modified two or more
ar

augio 31gna ¢ a matrix-encoded modification.

17. The method of any one of claims 12-16 wherein the instructions for channel
reconfiguring are instructions for upmixing the at least one audio signal or its
modification and said channel reconfiguring upmixes the at least one audio signal or its
modification such that the resulting number of audio signals is greater than the number of
audio signals comprising the at least one audio signal or its modification.

18. The method of any one of claims 12-16 wherein said at least one audio signal
and its modification are each two or more audic signals and the instructions for channel
reconfiguring are instructions for downmixing the two or more audio signals and said
channel reconfiguring downmixes the two or more audio signals such that the resulting
number of audio signals is less than the number of audio signals comprising the two or
more audio signals.

19. The method of any one of claims 12-16 wherein said at least one audio signal
and its modification are each two or more audio signals and the instructions for channel
reconfiguring are instructions for reconfiguring the two or more audio signals such that
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35

decoding the two or more audio signals. 27. The me_thod of any one of
claims 12-23 further comprising 35 providing an audlo.out.put in response
to the received channel-reconfigased-at least one audio signal.

the number of audio signals remains the same but the respective spatial locations at which
such audto signals are intended to be reproduced are changed.

20. The method of any one of claims 12-16 wherein the instructions for channel
reconfiguring are instructions for rendering a binaural stereophonic signal having an
upmixing to multiple virtual channels of the at least one audio signal or its modification.

21. The method of any one of claims 12-16 wherein the instructions for channel
reconfiguring are instructions for rendering a binaural stereophonic signal having a
virtual spatial location reconfiguration.

22. The method of any one of claims 12-21 wherein the at least one audio signal
or its modification is data-compressed, the method further comprising data
decompressing the at least one audio signal or its modification.

23. The method of any one of claims 12-2]1 wherein said at least one audio signal
or its modification is divided into frequency bands and said instructions for channel
reconfiguring are with respect to respective ones of such frequency bands.

24. The method of any one of claims 12-23 further comprising
providing an audio output, and
selecting as the audio output one of:
(1) the at least one audio signal or its modification, or
(2) the channel reconfigured at least one audio signal.

25. The method of any one of claims 12-23 further COMPrISing

providing an audio output in response to the received at least one audio signal or its
modification,

26. The method of claim 25 wherein said at least one audio signal and its

modification are each two or more audio signals, the method further comprising matrix
decoding the two or more audio signals.

27. The method of any one of claims 12-23 further comprising

providing an audio output in response to the received channel-reconfigured at
least one audio signal.



