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¢57) Abstract: The present invention improves the stability of aural images in the decoding of multichannel signals. Qutput cen-
ter-channel and back-surround channel signals are derived or augmented by app]ylng signal processors such as maitrix decoders to

mu]tlcharmel input signals.



Abstract: The present invention inproves the stability of aural inmages in
t he decodi ng of nultichannel signals. Qutput cen- ter- chénfebruagynd006
back- surWe®d@2#hannel signals are derived or augnmented by applying signal
processors such as matrix decoders to nultichannel input signals. WO
03/ 028407 Method and Apparatus for Miltichannel Logic Matrix Decoding

I nventors: Roger Wallace Dressler Kenneth Janmes Gundry 14 February 2006
TECHNI'CAL FI ELD The present invention generally pertains to audi o signal
processing and pertains nore particularly to techniques for. decoding
mul ti channel signals. MM#{IGRINPARTs fHhdMuttisiaanéindust ry has used

two- channel stereo for half JaodeMatiyDedodineal |y, the main vocal signals
(or other centrally |located signals) are mxed equally into the left and
right channels to create a center "phantom inmage for listeners situated
equi di dweamtory omRoger Vedllace Bregsler ght - channel' | oudspeakers. A wel | '
recogni zed short denineth Xafnes Wundhyvannel stereo listening is the collapse of
the sound field as one noves away fromthe ideal central "sweet spot".
Central signals appear to cone fromthe | oudspeaker closest to the
listener rather than froma T%GW%?\E@@H]} he | oudspeakers of the two

channel s. Opﬁ] f i 4 i j emis to use a
third center g aﬁérggellf %ﬁ%\%@é\ﬁ%}@aﬁﬁ?g‘éﬁc‘%%ﬁ’gfﬁég‘%} %@Césﬁﬁgg%dal has not been
very cesftEins mdne paicularipenmteshniqis foedecodinghingtiphanbéleigrals.t o apply a | ogic

i gnal s i noluding a center HAGHSIROLNIRART A Dol by Pro Logi ¢ decoder, for
exanmpl e, acegptgudiWhduftBHhasseNBl G chAnel e YqSalefdenfuley. TypeeMIEr (O, right
(R and surround (S) output signals. The Pro ' -
the main vocal signals (or other centrally located signals) are mixed equally into the .
- left and right channels to create a center "phantom" image for listeners situated
| equidistant from the left- and right-channel loudspeakers.
A well recognized shortcoming of two-channel stereo listening is the collapse
- of the sound field as one moves away from the ideal central "sweet spot". Central
 signals appear to come from the loudspeaker closest to the listener rather than from a
: .point between the loudspeakers of the two channels. One known way of avoiding or
. reducing this problem is to use a third center channel; however, three-channel source
: material has not been very common.
Another known way to reduce this problem is to apply a logic matrix decoder
1o a two-channel source to derive one or more additional signals including a center
; channel signal. A Dolby Pro Logic decoder, for example, accepts two input signals
- and derives left (L), center (C), 'right (R) and surround {S) output signals. The Pro
| Logic IT decoder derives L, C, R, left-surround (Ls) and right-surround (Rs) output
signals from a two-channel source and is intended to work with either Dolby
Surround encoded material or conventional sterec recordings.
| Tt is well established that a key benefit of Pro Logic surround decoding is the
. center-channel output that improves the stability of central signal images for fisteners
seated off the central axis of the loudspeaker system. This benefit is equally available
in the simpler 3-channel (L, C, R) mairix decoding system known as Dolby 3 Stereo.

| | Applications for all the above decoders include both home and car audio systems.




Logic Il decoder derives L, C, R left-surround (Ls) and right-surround
(Rs) output signals froma two-channel source and is inteReéecary@00®rk with
ei ther DoM§}/9/8§¥ound encoded material or conventional stereo recordings.
It is well established that a key benefit of Pro Logic surround decoding is
the center-channel output that inprdves the stability of central signal

I mges for listeners seated off the central axis of the | oudspeaker :

system This Heieiartbensty raays qnlgtalavéfq:reﬂurreund ehanhel szgnabl hafrani}lwhgnnel ( L, C

R) matri e ations for all
the aboueidid ;érrag"ﬁ?&réfc 1}?@&@%@ “g%‘r‘ﬁhgs %Ste %‘1’5‘ T80 03/ 028407 -2
14 Febr wanyerddal Poss. mdhmnebdisexfeté sdmge éiglabsbmﬂﬁsesbpﬂleﬁn@ummﬁ channel

signal s bﬁ%gpl yin ic matri x decaders in nultichannel systens such as
t hose sy@ uapwf E?in@ OgiCoRFE JesAde! is fedrwith thedisand Rs sgnaly efiacS-sour ce

si gnal s. gic matrix
deccr)%er © Lﬁ?élgb&&%% F&@Eltfsvgglﬁr &Qllnjgﬁ% aﬁf’i‘él#% éyésﬁhanngfé Sr%}ﬁa track to
derive ttheElgsmqamsum aciieckndibgrafi of thBsappRsgtiohr Digtehbre seatedbffdkentet Wo. Fig. |
provi des a bl oglt di agram of. this applicati Li steners seated off center

are bet (% belfrablegos §éhQ¢1E¢GHPF@&PP%W5‘?nd€8E‘§°qI¥R sormdwtwepndbebserdm bet ween

the Ls %q‘l haks 1&% Bl oudspeakers. Wth the advent of DVD audio,
5..1-channe e| op ogr{asms are becom ng 10 nore commonpl ace. One m ght

expect the erItthehe adveht GFAUVID duded, . b-ohdnapismdiv prbogiams aesab¢dom1ag0| ded with

5. 1-channel s st e ause the rovide a dj scret channel

Unf rtuﬁ%ﬁrswy %Po@mf‘eﬁ%tﬁr R roBle B bk QvDe dislecq!ese s@é@em; afford
additio Ik ¥ 1 1@@% he three front:
channel E%ﬂ);%‘%g%érariedv}éasés&awgyﬁgﬁgﬁg?aggi{r%yﬁf .%P@;%Q%e ore fte }excl usively in
the L/ Rchalamhdﬂmﬁortlmatélﬁ the padbdera vl awott bmmd&ddvecaumgbeselspstemhaffonhs es,

vocal <PARROESEHGTRIGn o odl Al B TREhATeRBRAISe SR VYR
pr opor ¢ T2 88me \Wdek ev&caﬁﬁgmm Ak Rk 6D 6@8reBYIRiJeBF in thO B/ RAGHAL kPN Or
clarity of the vocal signals, in npst cases the vocals are Inténded to be
perldei vertatsa ph&r&mtcﬁmgr imagm Iashereases; vodal sigeals owrTdised gado oty thehose mi xes
‘that pl Aslter 8 1annelaTn yet other cases, vocal signals are mixed into all three front channels
in varying proportions. While these mixing choices may affect the integration or
~ clarity of the vocal signals, in most cases the vocals are intended to be perceived as
emanating from the center of the soundstage. For those mixes that place vocal and
20  other central signals into the L/R channels rather than the center channel, sound field
collapse will still occur for listeners that are not situated in or near a central listening
location. _ '
For listeners seated off-center, a mix with vocal signals only in the center
loudspeaker will impart an aural image of the vocal signals closest to center of the
25  soundstage independent of listener location. As the center channel is used
'proportionally fess, the vocal image shifts towards the listener's location. This is
similar to the probleﬁl already described for two-channel sources; however, the
solution to the problem is complicated by the presence of the center—éhannel signal. A
5.1 channe! program with vocal signals in only the center channel can preserve a
30  central aural image despite Iisténer location and does not need any further
modification. A program that uses only the L and R channels has the same limitations
| as standard tWo-bhannel recordings, and programs that place vocal signals into the L,

C and R channels will produce central aural images having locational stability




20 other central signals into the LIR channels rather than the center
channel , sound field collapse will still occur for I|isterEbsudrnadtear e not
situated in or near a central listening |location. For listeners seated
off-center, a mx with vocal signals only in the center |oudspeaker w |

i npart an aural inmage of the vocal3signals closest to center. of the 25
soundst age i ndependent of |istener |ocation. As the center channel is used
proportionally |l ess, the vocal imge shifts towards the listener's

| oc admewhere bhtwser that pividied By thes tidextipmed Taeemdlresal dythal g tehi Rthef or t wo- channel
sources; however, the. solﬁﬁlon.to t he problemis conplicated by the

pr o SEHImeg o 70 sisp AT pagieg s fopalbfisengniogations- HYigsumstimet A vocal

Si gp@bemi fBr Ihts b Home St R ks ARG AGhyClifotlére £ 1iviBnes in 34s 6&RALsE Alpically @l 1 mage
despite listener |ocation and does not need any further nodification. A

pr oB? h¥isnenia pengralislognigdyrelatiye to thg fpydmedksiinnel s has the same linitations as
st andard two- channel reiﬁééPﬁ@ﬁRﬂﬂﬂﬁﬂﬁVﬂﬂﬁﬂﬁ?’that pl ace vocal signals into
| produce ce

the L, C and R channels w ntral aural inages having
| ocat i oFhglpresent bivertioy ovetcoReh thesmpyobk®BG6 - 3 sonmewher e bet ween that provi ded by
.t echni ques do

t hese t tre Th nd. resul t. i s. that current. m.xin

not as§%$g%§§ﬁ%ls Eﬁvxﬁ%ﬁg “Fﬁ%ﬁ%ﬁﬁ“?%BﬁW@%f?HP&QPF”F?§?§R% *focati ons.

Thi plutatityd inpti sigasl aths pchiding enfik inphi Sgnelatshatodveyss lefoukanhél idpat sgnapst  al ways
a problemfor. |isteners in cars because typjcall .no listener is centrally
| oc ﬁfeéﬁldr@"gf‘ﬁfépﬁﬂb&%n‘fem%ﬁ Inppj S%E]@%Ré%éﬂﬂuﬂm%@aﬁh e present

| NVEIAkEyR A cEM@IcEMRBISnuDASRI: RIspRAl PiTRessAMaPh gl inPts ESipRd kd the kirsBaRQE&In®f t he

i nvention, there is prOV|ded an audi o decoder conprises a plurality of

i npiputsiggpl ppthpandhsving a plyslitypf qutpyts Shat nrowides peopeysedsigpels derivpdfions igvey s a
| ef f.x¢ Eyeo] | . | ' I veys a
rig%?ﬁgﬁgﬁ%%?h n%&?ﬁgi ng?gg%d§§§§ﬂ??ﬁﬂﬁﬁ%ﬂﬁbgggﬁéﬁﬁgggﬁm@%g%gﬂconveys a
c ensigial, elsecombutpunprovidesi agight-chaaned pmycesated sigoal esbothirhantputgrdvitiesid senteoupl ed to

the first and.secqnd. input.signal .paths %ﬂ??ﬁ I a pluralit f outputs
¢ hattepieb Gt SR el it B e B ow e A eely Bl Rty P
i gihird oitputethe biggill prosdsginaing havipemeiutpubthitipiGidedutiphtl represoniifes a | ef t - channel
'proce%ﬁed %&Enal, second out put provides a right-channel processed
si gfEIoRHen ¢ qﬁﬂP@f*éﬁF&_ﬁWﬁﬁW@é@ thy cesencbanelgrestted sigrbcedaBialignal ; a
ts Ih OfFRhutpROFEHal Rihs RRWIADG 2l MR YhBuGRMAl R bRl telHirét dubiIthediegMal path and
e
processor, a second output signal path coupled to the second output of the signal processor and a third
output signal path coupled to the output of the signal combiner.
According to a second aspect of the invention, there is provided an audio decoder comprises a
plurality of input signal paths including a first input signal path that conveys a left-channel input signal,
a second input signal path that conveys a right-channel input signal and a third input signal path that
conveys a center-channel input signal; a signal processor having inputs coupled to the first, second and
. third input signal paths and having outputs that provide processed signals derived from a mix of the
- lefi-channel and center-channel input signals and a mix of the right-channel and center-channel input
signals, wherein a first output provides a left-channel processed signal, a second output provides a
right-channel processed signal and a third output provides a center-channel processed signal; a

~ plurality of output signal paths




third output of the signal processor, and having an output that provides a
signal representing a conbination of the center-channelldiFeputars2@0éal and
t he center-channel processed signal; and a plurality of output signal
paths including a first output signal path coupled to the first output of
the signal processor, a second output signal path coupled to the second
out put of the signal processor and a third output signal path coupled to
t he out put of the signal conmbiner. According to a second aspect of the
invention, there is provided an audig.decoder conprises a plurality of

i nput signal paths including a first input signal path that conveys a

| ef t
1 ghiEAEARS it Bl b B ouplby RERGHC: ik be 04 B0 e B, MBI REYS 7 o
cent signat pahomltﬂed tqatbe sesmrgwatppt o tteisignaliprgoesoesd o thlﬂda;utpmgugnaignaﬂwmqﬂndpb ed to

t he o third input signal paths and having outputs that
provplém%ﬁoﬁﬁéﬁgh %?1 nal & derived froma mix of the I|eft-channel and

cent er - chanfiglg tb Ot aﬁie@m)ﬁths invesitich, fieos itfrovidid ah b@hé debannattha@nd
cent er - channel |npqé nals wherein a fjrst output provi des_a

| ef t SUBRISFREPCehingace @ﬁ&?“gﬁléégg iBpht sighad prdpssntgr-chaptshitp¥hannel
pr ocggt%@dteﬁeqﬁg\@tm R GkrAcHafMel Qld%tr@tttcraﬁ&wnﬁﬁ%lgﬁa& Ll OPRBSLed %ﬁtﬁ@ssed

signal; a plurality of output si bruary 2006 I ncl udi ng
a fi fgtingludepaefishansgl prwtsni dgabp @ahtthmtnhleprmetssd signal wsita cerftertchenngl g nal

proc e ] t of the
signg%a%%gg 6%9§ %?B outpu sﬁg ?%ﬁ%g% §E%&Q% e t I'rd

out ppriovidingta mbuﬁingrfahtpmrstgnels spresenfiocihe ltftmgmma paodbksbd sigmls ﬂetrlghtaﬂ:amiab

i nvention, re ed a 0 dec seg receivin
LY Pt et i DBt S P R b e el i g ’
cent er - cCAaBtlg té Mukh aspbdd Bthe inth@iibry, itiee it providéd B anib Hedoha@ MHetondidest h1e

rlght channel input signals a pIuralltﬁ@of processed si als t hat i ncl udes
a | ePalifyof fapt sipngl pabis odisapl praspssing matrihaviphinawapoupled it kayi samepisie and a

cent ghaGHanehs aRHIGR e§§ qmﬁféyq,@at utm%@slgt&%o&@ﬂ%ﬁtoﬁéﬂéag&t i nput si gnal

and the center-chann roc sse sl gna providing a prurality of
‘out ppmcesﬁwmﬂsx,ra@mnels:embmﬂdmmaﬂ igjut cavipled heedn ipput sigead path, higngdn inpuhe

righ n nd the .conbi ned.cent er ch put
sig n‘éﬂuﬁfggg) ce H?’gtrocf%% ?%ﬁglp oﬁrgso]% S€ed 5| gha n“?g Y Etaf‘tr%refptgnsévef %gt;t”ﬂ’ Wi pect of
t Ih e oiTthﬂmgmembtnhe bk d lﬂurlﬁlit? wf aihepixt aglaapmswoﬁiﬂmd efledstaine ©OMP btlrt]tptﬁ§0f a
pluralit ut at hs i ocessing matri x having inputs
couptd g&ﬁmﬁﬁﬂﬁgﬁ@? 8W§: ‘PW%“’%W @gﬁ ﬁﬁr-paths and having a plurality
of out pUgorkiaglo HHifh 4sBEPHNES Mbentich, tﬂa& it FHOHES ABlaudib 8ecdlli@PRbthod that

comprises: receiving a plurality of input signals; applying a matrix to at least some of the input signals to

derive a plurality of processed signals; combining a processed signal with an input signal to obtain a
combined signal; and providing a plurality of output signals representing the combined signal and at least
some of the processed signals. |
BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram of a multichannel andio decoder with Surround EX decoding.

Fig. 2 is a block diagram of a multichannel audio decoder that redistributes center channel
signals.

Fig. 3 is a block diagram of a multichannel audio decoder with a hybrid discrete/matrix 3-channel
Processor.

Fig. 4 is a block diagram of an audio decoder for a matrix-enhanced five-channel system.




processing matri x; a signal conbiner having an input coupled to an input
signal path, having an input coupled to an output of t hetBEdbgmnal20060Ccessi ng
matri x, and having an output that is responsive to the inputs of the
signal combiner; and a plurality of output signal paths coupled to at |east
sone of the outputs of the signal processing matrix and to the output of
the signal conbiner. According to a fhfth aspect of the invention, there is
provi ded an audi o decodi ng nethod that conprises: receiving a plurality of
i nput signals; applying a matrix to at |east some of the input signals to

derive a plurality R eSSkt ; ﬁW4ﬂ¢§b processed signal with
an input signal to o tﬂagll n a comgh?i%% ;an pr?ovi ding a plurality of
out put sMgreglagicnlepmesion isintege tivocab sipphals® dnd Tvgoud imagad imthisldsakbbure B&@ame of t he

processed signals. BRI EF DESCRI PT| ON OF. WNGS Fig. 1 is. a _block diagram
b SR PoBRARAL SLPS CHASEABPeRPE SR AR HEC S Ve g | o o

bl ogdntetlbBXBE Soithddtagd. The!phds&id BRaftion Aldgl bOapPBEId ahy dyRAdf siphd sd ik h&UInB&d ENt er
channel | siﬁgals. Fig. 3 is a block diagram ti channel audio

of a mnu
dectfesigRplp Refermpaherringp yesabtignplrarnd thy liss gl heyndesiopd ogefarto apygpeof s a
bl ogilfa1 dipAll HRMs RfterdBa @%@E@seﬂéﬁgp&&mm{e cBntdBr fleXoirAliaaced five- channel
system 14 February 2006 -4a MODES FOR CARRYI NG THE | NVENTI ON More
part i cul @ee implemicoiationeof pgyitempthat ogopravide a giakle sentralruiral inggals iiluswgesin Figh t hi s
di sglkosur: ' r f [ I nnel ically are
s Ir?g]% @BQ&M"% th{'ﬁ %h&ﬁ%i « cﬁsrﬁgbu?ed oﬁ's%éaﬁ n}t?r@e £ aﬁ&] Ends {ory{r?ovcfc%

design prese ese f es’ 0 I 'gna centér o e sound

- st agevo-chimneprignab Whe vooalaipghalopregriytiigean thp 0l dhexhel e saixyd inyobethdf aiRgnal and i s

not I imt to .vo signals. References herein to vocal signals and the
1 RS e e T be B shBpopgnd ﬁvh?fws%c%*ﬁé & s s It | s

i nteagted to be presented at or near the center of the soundstage. One

i npl ementation of a systemthat can provide a stable central aural imge is
illustrated in Fig. 2. In this inplenentation, the C channel signal is

di stributed or mxed into the L and R channels to provide a two-channel
signal. The vocal signals pre-existing in the C channel are m xed into both
L and R channels at the sane level. The resulting two-channel signal is

‘t hen processed to derive three channels (L, C and 14 February 2006




WD 03/.028407 --5 R) with a dom nant portion of the vocal signals in the C
channel , which provides a consistent central aural i nmagelEsbrugy 200tce front
1 oudspeskeososdurot her inplenmentation of a systemthat can provide a stable
central image is illustrated in Fig. 3. Unlike the first inplenentation,

“this second inplenentation does ndt-nm x the C channel signal into the L
and R channel signals. Instead, it extracts the vocal signals that are in

~ the L pygitRaGoannal psitndlf shewistabslgsalé hiehekichasiddwhiohgovidésgnal s to the C
channel” signal. As a result, the stability of the vocal inmage presented by

the siepmaistept ecnirrl araligappusing three Haphlondipgaksst adversely affected and

| eakage or ,c¢ . C ' ] ks 1S

avoi ded. Thﬁg&ggljnlgl:} gﬁnlq{/nt%tgﬁp&oav%%g? %aﬁa% ne‘flﬂgngta%p%hsr%gﬁ%ggund I mage

and befiatratbdinemigl 3. Tadidkeahd Hrst ahplementation s sproad inpténipntdtios doeand R

channel signals. |If a nulti-channel programhas po ignificapt signal

presentot inHXtt%a ehannghsignal iptg; tge g‘é’é‘é ﬂﬁchaﬂﬂﬁaé%‘ﬁfsaﬁ}st)eﬁapg Sﬁr@% resul t

that |5ocePagil dhl dte WlleIORRI REPMIR SRHAY bALEIdRYNS BrddkécsiodaNPl eMment ati on

shown - 1 n Frg. 2. 15 Principles of thé present invention nay al so be

appl i esigtabs i the € chhsuwheigsal. Bora res)t it sabildy of erwpdahinmgs, prasenteds. channel

decoder derives a C channel ignal,.as . djiscuss ove i npnection with

Fig. 3PW%itg siEnePEesrisiag "hﬁ'ﬁaq? P ekxapp%ﬁyarsgls@%ﬂegﬁala agﬁgl%agﬁaégp hat are added

tot hecdh{piiﬂé BPfhe!@ciﬁBﬂeﬁ%rﬁh?ﬂ@%{h@ LEHALIS is Rdided! TRRMegaallpan be used to
ct of a

enhance the spatial effe program w t hout causi ng,.any,_ | eakage of the
200 or i priowialles 8 glenwriadd oivas sieblesiogndimageing betier tnterl senamahitnedf t8¢ gnal's. The

" por s Aot PR BT SHOR BlRe, 1et PUl PUSBBRRERRI M TEY T e (e

Pr esengjonifibye Ripn@lprededt irftha tPERnaNthinReenERipidhatatidn plowidieaoder conponent
shown in the I gures may introduce a phase shift or tinme delay in the

si gnal ssulhthat istesgentieliss hesame gs Hmpt prasided Dydhe Tigst ypplegenidion $8P¥hRent at i on

i ncl ude .de%ay el ements or other processing conponents in direct signal
pat hs LRI phase shifts and tinme delays for all channels are identical
on5subst ant Pahdiples ofthtipeaknt iReéretioni may 4lsp be gpplidd tdé otheerlzampels, F@onponent s

‘t hat provi de an appropri ate ase. shift or. ti elay may. be inserted into
t he Sip@ﬁ]g;ple, as shom%) n Ppig. 4, a S-channel decoder derives a & channel 31gn¥11 as

discussed above in connection with Fig. 3 and also derives a pair of surround channel

' signals that are added to the original Ls and Rs channel signals. This technique can be

used to enhance the spatial effect of a program without causing any leakage of the

20 original surround channel signals into the front channel signals.
The several figures and associated text omit various aspects that may be |
" important in a practical implementation but are not needed to describe the present
 jnvention. For example, an implementation of the decoder component shown in the
figures may introduce a phase shift or time delay in the signals that it processes. In
- 25 such cases, a preferred implementation includes delay elements or other processing
- components in direct signal paths so that phase shifts and time delays for all channels
: are identical or substantially identical. Referring to Fig. 4, for example, components
 that provide an appropriate phase shift or time delay may be inserted into the signal
- paths for the C, Ls and Rs channels at a point prior to or "upstream” from the

30 ' summing components.



pat‘hs for. the C, Ls and Its channels at a point prior to or "upstreanmt from
the 30 sunmming conponents. 14 February 2006 CLAINMS 1. Ani4Bdhirmarg@@@ier t hat
~conprises: a plurality of input signal paths including a first input signal
path that 5 conveys a |eft-channel ingut signal, a second input signal
path that conveys a right-channel input signal and a third input signal
path that conveys a center- channel Ci%lHNfS signal ; -a-signal.-processor
having i nputs coupled to the first and second i nput signal paths and
having a plurality of outputs that provides processed signals 10 derived
fromthe | eft-dhadnmeidi@detoderghit-cohmprised: | nput signals, wherein a first
out put provides a |ef i@_c@an el processed signal, a second outaﬁgt provi des a
ri ght - channel pr oce@P&aldly i anpul signal naths incleding a firgs inpnt gigealpativthgler - channel
processed si gnaha h G ' [ ' : hi rd
i'nputsfignal pg{)%veﬁglﬁgﬁa?&gl@hﬁﬁi gﬁ?ﬁﬁ‘?’“ﬁ%%‘% g(nal ng{r%bélgggso%, and
havi ng an out pught-¢tianngricpmitdemal andsi third inpue gigeai qrath that coneeyst geater-on of t he
cent er - channel ﬁfli‘n ult signal .and the center-channel processed signal; and a
plurality of o eﬁ‘ﬁ‘f’ iopyignaliat hs including a first output signal path
..coupled to the firshkg QforiHaG: iﬁﬂﬁg. Y firsParmie apttput  signal
path 20 coupled to t%%%%ﬁgmgéﬁggtl of ﬁ?@%ﬁg?ﬁﬁrﬁrocesg‘g@’a c} athird
out put signal pan# pethsphdbaviog aiplurality of cutphtstthat projdes| procasssidrsignals2. The

decoder of claij,m| er gi he signal .grocessor is .inplenented a logic
mat riCi decoder d“é‘@%%ﬁ“ﬁﬁ%fﬁ%@ﬁ?e‘?@mﬁ?m’&gmﬁﬁ@gﬁHSséiV ‘ﬁ‘?ﬁﬁ%y of i nput
signal paths i Gﬁlbblq}rﬁﬁdés:ildﬁ%hahﬁﬁl%b&qc‘ééé&ﬂ@ig_nﬂ?h@edoﬁébuqﬁﬂ 8

| eft-channel input signal, a second input signal path that conveys a

ri ght - channel figiguthasne)pracessed signaland @ thing awtpui prowidepa céntermchaneglnveys a
center- '

processed signal;
a signal combiner having inputs coupled to the third input signal path

15 and the third output of the signal processor, and having an output that provides
a signal representing a combination of the center-channel input signal and the
center-channel processed signal; and

a plurality of output signal paths including a first output signal path
coupled to the first output of the signal processor, a second output signal path
20 coupled to the second output of the signal processor and a third output signal
path coupled to the output of the signal combiner.

2. The decoder of claim 1 wherein the signal processor is implemented by a
logic matrix decoder. '
25
3. An audio decoder that comprises:
a plurality of input signal paths including a first input signal path that
conveys a left-channel input signal, a second input signal path that conveys a
right-channel input signal and a third input signal path that conveys a center-
30 channel input signal; |
. a signal processor having inputs coupled to the first, second and third
ihput signal paths and having outputs that provide processed signals derived

from a mix of the left-channel and center-channel input signals and a mix of




30-channel input signal; a signal processor having inputs coupled to the ,
first, second and third input si gnal paths and having ol4 Fabinsary DAd6 prOV| de
.processed signals derived froma mx of the |eft-channel and

center-channel input signals and a mxyof 14 February 2006 -7 5 the

ri ght - channel and cent er - channel i nput signals wherein a first output

provi des a | ef i ng [ % ut”m%l?.ﬁé) efé'ﬁ@!ﬂ‘stgﬁ ut des ari ght -

channel processe I gha rovi des a cente channel
processed si gnptqwcksyalleﬁt-@ham;lprbcwqomgnafl;agmbnqawmprmdmmta first

out put signal path u to,t t output..of the s processor, a
second output § W‘prﬂ‘éﬁ%ﬁedd%%?‘%‘ﬁ fbdrd[s‘?’r’@lg@ SAdeS et fEfg“"'?fne si gnal ,
processor and grgcjgésggisf%ﬂmput signal path coupled to the third output of

the signal processor . The decoder of claim 3 wherein the signal
processor is inpl emeplualityypf autphit signal paths inclusting ﬁstoutnvattsmabpathes t he mix

of the left-chann enter- ut Si onbi t he

| eft-channel a pi%‘t%gﬁ 5%@“ ?ﬁﬁ%ﬁ‘g%"’rlé’ﬁ °1°§S°r’fgs§ OAXP@ S%‘%fpa nmbi ner
that provides w@wa%tﬁésécb@damgﬁttofqﬁ@ﬂgﬂl pRdtRssof BAPA thiddnRsRit sighalut

signal s by conbining the right-channel and center-channel input signals,. _

~and a | ogi c 15pathicoupleditectbadird entpui@f thesignal progpssed to outputs of the first
and second signal "~ conbiners. 5. The decoder of any one of clainms | through
.4 wherein: the plurality of input signal paths includes a fourth input

signalp path 24, Thatleswdevehidaith Bwhérelnte sigasliebedssip id infplgnedted byhe plural ity
of signal processor outputs includes, a fourth output that provi des a

sur r ound- Erhsigasl combines ghay provides the mixofithelefiochanngl aad cantes, rrbi ner
Su T ouns
out put of HERES ERIPHT Cort Gnlrldine 1ot BRY berttriBhadl Bl BBFAL Wb 0

si gnal r epigesiedinbiigr that prowidesthieanixalf thidwéght-channel and center-channel input
signals by combining the right-channel and center-channel input signals, and a logic

15  matrix decoder having inputs doupled to outputs of the first and second signal

" combiners.

5. The decoder of any one of claims 1 through 4 wherein:
the plurality of input signal paths includes a fourth input signal path
20 that conveys a surround-channel input signal;

the plurality of signal processor outputs includes a fourth output that

provides a surround-channel processed signal;
a surround-channel signal combiner having inputs coupled to the
fourth input signal path and the fourth output of the signal processor, and
25 having an output that provides_ a signal representing a combination of the
| surround-channel input signal and the surround-channel processed signal; and
the plurality of output signal paths includes a fourth output signal path

coupled to the output of the surround-channel signal combiner.

- 30 : 6. An audio decoding method that comprises:

receivingr a left-channel input signal, a right-channel input signal and a

- center-channel input signal;



surround-channel input signal and the surround-channel processed signal;
and the plurality of output signal paths includes a fourdFeboutrp606i gna
path coupled to the output of the surround-channel signal conbiner. 30 6.
An audi o decodi ng nmethod that conprisegs. receiving a |left-channel input
signal, a right-channel input signal and a center-channel input signal; 14

February 2006 -8 derd'bﬂ#iﬁgﬁfohpﬁbtl ‘°$£JHEF@{QE{;§@%‘{£?@&?gﬁlmannel i nput

signals a plurality o rocessed st gna - channel
processed si gnalurality of prpleessedsignalt that ocbsiseal lefi-chrahel pnotessed signel, achannel

processed signal . conbining the.center-channel input signal .and the
cent er - channel ng@"%?"’&ﬂ%‘%%‘%s?pdﬁﬁpaﬁﬁceﬂ?%\fﬁwgglgcfﬁsﬁgﬁﬁ@y of out put
signal s representi ngohbingahé céltéteRhnel Rt SRARGNA it @nterichfnrdel ght - channel

processed signal, and the conbined center channel input signal and
cent e- channel ppcessed sigdalsénghal . 10 7. The decoding method of claim6

wherein the |eft-channel. processed.signal.. .right-channel ~processed signal
and center-channel B’E"&‘Jé’é@%}}ﬁ‘ﬁﬁﬁ%&f" l%gtasa%l}a}vg&'eﬁip grﬁlﬁe&?#r%g%nﬁ?ogi cC matrix
decoder to thepiRbdsed fighdlSihe dptt-ti@nel béessddaigial, ahd fiélcosibdiedl centet> 20 8.
The decodi ng nethod of claim6 or 7 that conprises: receiving a
sur r ound- channéhannglinputsigpaband eeater-chamne} progesserbsigrals - channel and 't he

ri ght-channel input signals a surround-channel processed signal; conbining
. the surround-channel input signal and the surround-channel processed

si gnal; and pr @y THe decodingatiéthod ofiélaings whepiethe iéft-olannblprocssiedsighatur r ound-
channel input signal and_surround-channel processed signal. 9,  An audio
decoder t Fgit-hanpgl precgssed signal an center-channel processed signal are derived by

applying a logic matrix decoder to the left-channel and the right-channel input signals.

8. The decoding method of claim 6 or 7 that comprises:
' 15 receiving a surround-channel input signal,;
. - deriving from the left-channel and the right-channel input signals a
|  surround-channel processed signal;
combining the surround-channel input signal and the surround-channel
processed signal; and |
20 - providing an output signal representing the combined surround-

" channel input signal and surround-channel processed signal.

9. An audio decoder that comprises:
a plurality of input signal paths;

25 a signal processing matrix having inputs coupl_ed to at least some of the
input signal paths and having a plurality of outputs that are responsive to the
inputs of the signal processing matrix; '

a signal combiner having an input coupled to an input signal path,
having an input coupled to an output of the'signal processing matrix, and

30 , having an output that is responsive to the inputs of the signal combiner; and

o a plurality of output -sig11a1 paths coupled to at léast some of the outputs
of the signal processing matrix and to the outpﬁt of the signal combiner.




a uluréILty'of‘tnput signal paths; 25 a signal processi-ng matrix having

i nputs coupled to at |east some of the input signal patHWsFehntirn2@itng a
plurality of outputs that are responsive to the inputs of the signal
processing matrix; a signal conbiner +ving an input coupled to an input
signal path, having an input coupled to an output of the signal processing
matri x, and 300hduim@h&ﬁkmu&hgumdmﬂdmmﬂcbnqgsagnsive to the inputs of the

si gnal comnbi ner, and a % out ut .signal paths coupled to at |east
sone of the outputs %é¥ﬂﬁﬁp %g matri x and to the output of
the signal combiner 4 g]eﬂhkﬂl?irﬂogpl@%ts&négfﬂé oAl Sifatlfogdivag et hod ¢ hat
conpri ses: rece|V|ng a plurality of 1 nput sign applying a matrix to at
| east some of phualityefiprosespad bignals; deri ve a plurality of processed

si gnal combi ning a brocessed si an i nput to obtain a
combi fed si gnal ; W‘%ﬁm%tﬁfé‘c%ts%rﬂﬁ%\f”@@' ‘&W@fé’%& representing

t he conbi ned @bﬁ@ﬁkﬂ sipdlalabnd east some of the processed S|gnals 10 11. The

decodi ng nmet hod of cl a| m 10 wherein the processed signals are derived by
appl yi ng a | ogi ¢ naprqvxdla@@@h@ﬂltyofautpufe%malmmsmﬁmgme ¢Qﬂ]tb.me(15| gnal s.

| s1gnal and at least some of T the processed signals.

10 11. The decoding method of claim 10 wherein the processed signals are
derived by applying a logic matrix decoder to at least some of the input signals.




