;e3e| F6TL27 Cctober 2004 1 5 DI SCRETE MJLI TCHANNEL AUDI O W TH A BACKWARD
COVPATI BLE M X BACKGROUND OF THE I NVENTION Field of the Invention 10 This
invention relates to nmultichannel audio and nore speekfhgabky20042a

mul ti channel audio format that provides a truly discrete as well as a
backward conpatible m x for surround-sound, front or other discrete audio
channels in cinema, hone theater, or music environnents. 15 ' Description
of the Related Art Miltichannel audi o has becone the standard for cinema
and honme theater, and is gaining rapid acceptance in mnusic, autonotive,
conputers, gam ng and ot her audi o applications. 20 Miltichannel audio
provi des a surround-sound environnent that greatly enhances the |istening
experience and the overall presentation of any audi o-visual ,system The
earliest multichannel systens included left, right, center and surround
(h,R C'S) channels. The current standard in 25 consumer applications is 5.1
channel dio, which splits the surround channel into |l eft and right
surround ghannel s G YULTLGERIBER  AERER TETH B RACKHARRSCHRAT nove
fromstereo to nultichannel audio has beegrfliri ven by a number of factors
par anmount anong them being 30 the consuners' desire for higher quality
audi o presentation. Hi gher quality neans not only nore channels but higher

fidelity channebscrabuNIP O aGEs eRYERren or "di screteness" between the
channels. In a.%ié dI Screte Z[ October 2004 2 environnent, discrete
channel s carry éiéﬂ%iiﬁﬂﬂﬁfﬁﬁﬁﬁaﬂs to discrete speakers. To satisfy this
d;arrgnd, tibe agdi? %m rlgzvmlm Eé!ﬁ&i‘.d@lﬁh mﬂltdl@ﬁa&ﬁ/d @tdailai{: ra@fr? hbee
studi o or conten r ovi.der annel encodi ng/decodi echni_ques,
nmedi a capabl e ofP %Eﬁﬁﬁﬁ%i%ﬂ;ﬁﬂuﬁ Wﬁé%ﬁﬁganﬁﬁglﬁug %gﬁﬁ¥T?Eh IPTOYEEREr
configurations.aByrils daEErqreﬁ:ai W= wehll ischabaekwatdi onpet ikles mix for

-

significantly. re.da a t o audi ich has to,be r ssed to
fit in the 10 eXrst T 5%59? 0Tt §88§mg+Fﬁﬁeﬁﬁd?Eﬁlﬂuq Sadfent

of media such asifvia, rhamd(Mhamtersuoh ®as e lerthaveneensdevel oped -
specificakly for multichannel audio to enhance the |istening experience. N
The extension of nultichannel audio beyond the 5.1 IS standard has once.
agai n rai sed theestigtdinye off tdeyv®edptad hew encodi ng/ decodi ng t echni ques

that nove the state,ﬁ_{t&% standawgg'g%élﬁe e“ttﬂe”is@gnﬁéﬁﬁ‘é\?c{xd cjnema

conpatibility with t cone accust one
audi 0, the cons@erhomg [theakand ané Js%r@-lmnﬁerﬂlm‘irm%nﬁﬁr@l avgigel s

are added. Back&af&ndtqmat bBinbhE¥ré5 elnlitgC 8ha oGS enfiof BEp Y &alions.

i nvest ne in consunmers sad professional s alike. Dol by

Prologlc%bprOV|%% a %%RIPE%Ylﬁﬁﬁt?cﬁﬁﬁﬁ@@mgyﬁﬁﬁﬁ% eptigiopgreat

squeezes 4- chanbkas aie(atlfi @Iﬁ)aﬂdétso the N2 Sidd-t eRberbynddt s9duehBg a
phase shifted surr nel s are_then encoded into

Q#Qf sound % [m e_2- cha 1
the existing 2-Zhan Poriars® lfﬁc i NG s 3% Rovéﬁgﬁ proEEER-i n whfch an
exi sting decodeear biowmity am: 1t Ranaed theyems R logied deﬁnderlgmuamdmtbr Rt

into 30 L, R C S s) e ied.o y ;{wo
channeliggequatlonSE %ﬁnﬁg oglc%%e %ﬁﬁggggera |oﬁ8$%é?ﬁﬂ§F4%#%rd

appr oxi meei on aﬁ@n%mtambwmqnmashsdr etlearmelt | mkdime | whkieli splAssshown
infigure 1, a ghodh@round channel into left and right surround chanmels

and adds a subwoofer chammel (L,R,C,Ls,Rs,Sub).
The move from stereo to multichannel audioc has been
driven by a number of factors paramount among them being
. 30 the consumers’ desire  for higher quality audio
presentation. Higher quality means not only more channels

but higher fidelity channels and improved separation or

"discreteness” between the channels. In a truly discrete




27 Cctober 2004 3 10 will mx several, e.g. 48, audio sources to provide a
four-channel mx (L,RC'S). (This mx nmay be nonitored through a matrix
encode and decode process:) The Prol ogi c encoder 12 t s this mx
as follows: Lt = L +.707c + s(+s0), and (1) Rt = @%{gyébgg?gg (2)
which are carried on the two di screte channel s, encoded rnto the existing
t wo- channel format and recorded on a nedia 14 such as film " 10 A matrix
decoder 16 decodes the two discrete channels Lt, Rt and expands theminto
four discrete reconstructed channels Lr¥Rr,Cr and Sr. A passive matri x
decoder decodes .. the audi r=Lt, 15 =Rt,
i MREIC T E RN e 1. oy S
significant cent@ﬁsam@tsuBpeahdreonponents and Cr and Sr have | eft and
right 20 conponent s, 188y ogieed sandhe signal s,q. t rﬁégd 8”

di screte channel s to |screte Speakers 1 n a spea er con |gu |on 1§

not di screte, IAVide f%cﬂméﬁécbﬁaﬁaétéﬁﬁ?eﬁr%w shgnistwckim @rosgmabktand

phase digtorti b, UNinS1 £ AR PRS A BEOARESARRE AL @A:b% rasiSe )
Active matrix %[ebg&ders reduce crosstal k and %qase di s?or I on but at est

approxi mat e a EE et@RAR pﬁfese?f%%??%nglvaﬁ%lﬂdil@‘éﬂéﬁtl pRBPLPet ARG

al gorithms ar emuUSeG¢HagnRe" fpellian &faﬂﬁeugseesﬁsanﬁya%satve a%l%@ur@n 30
measuri ng thengi)wer of Lt+Rt, Lt-Rt, Lt and Rt to calculate galn factors G

wher eby, _ npedyaydig nddpdes Figpigicantyy @erspaRt20622B o =
GS*Lt + GB*Rt ,bs@ﬁd oSrawd i, * L:t:hﬂdGBﬁBﬁ tectbleve;&.mb elaroaelsEEﬁbﬁt €he
conpensati on based ,on t of the signal but crosstal k anpn

conponeﬁ{’s r erfgi e SE9 E‘?U%‘Q’iﬁ stret &% eﬁ%dﬁﬁ?ﬁﬁ’smﬁéﬁ%ossﬁqﬁ thRe
advent of the @dvdedorifaimedepr eaeht ed avhyungewenbdihatsdiddcH rangl. b ehaanel
audi o away fram squeezi | ti els.into i_sting st reo fornat
'nd the phase g?eset ?Fgﬁﬂgﬁggcr laqa ag‘gé’oct%te&l% ﬁﬁﬁf‘?? 8nd 10
to a truly di ssthetreemithisi &haneahngoenperladuajﬁ prOV|des hlgher fldellty and
i nproved separatio nd [ t|on er.noy e tipna

channel s were adde%h%rh%%e es\%‘/oo ed?é &‘éllﬁﬁﬁéfm%]ann cih} V\gggfrbcg Lgﬁhén%ed | ow
frequendy capadlidndayrd Yae snceoagidlntmmd $h@0nhauengé a5 deerfetlolpsngnd ,
R e

(L, G R Ls, Rs, Sig-azs c@ﬂ%@sé@ilﬂeﬁéh@@ﬁﬂ%ﬁﬂéﬂqw@m SebAGFAAREY in a
5.1 format thepahy mRieNt 81D NotddM Al SCrehoPaSS Yectieh §bn9@§tlom§9 toDOl by

AC-3''"M Sony SDDS '"' and DTS Cgherent AcousticsT'~ are exanpl e
of .5 1 Systengdlscrete audie, the consumer will demand the same -
20 performance as more channels are added. Backward

compatibility is critical because of the great investment

in 5.1 equlpment by consumers and profess;onals alike.
. Dolby Prologic™ prov:.ded one of the earliest
multichannel systems. Prologic sqgueezes 4-channels
.25 (L,R,C,S8) into 2~-channels (Lt,Rt} by introducing . a phase-
shifted surround sound term. These 2-channels are then
encoded into the existing 2-channel formats. Decoding is
a two step process in which an existing decoder receives
Lt,Rt and then a Prologic decoder expands Lt,Rt into
30 L,R,C,S. Because four sigmals (unknowns) are carried on
only two channels (equations), the Prologic decoding
cperation is only an approximation and cannot provide true

discrete multichannel audio. As shown in figure 1, a studio




As shown in figure 2, ~ the studio 20 provides a 5.1 channel mx. A 5.1 -

encoder 22 conpresses each signal or channel independently, multiplexes
t hem t oget her and packs 25 the audio data into a giv ctobef @bRt s whi ch
is recorded on a suitable nmedia 24 such as a DVD. A ?&fggétgder 26 decodes
the bitstreama frane at a tinme by extracting the audi o data,
denmultiplexing it into the 5.1 channels and ' then deconpressing each
channel to reproduce the signals 30 (Lt, Rr, Cr,Lsr,Rsr, Sub) . These 5.1
di screte channels, which carry the 5.17discrete audio signals are directed
to the appropripaie1di $a5ekeaRaakeRs i N45peakAL ,CoNf L, of),- 58 4S ubwoof er
not shown). 27 Cctober_2004 5 nifs ci ﬁe%éé%?o ﬁ%‘g&gﬁ% &rr%‘?leérreenat ed its
5.1 system wi ERUS-ghagRel cRafindL:RRE- ) encodis myixt gidingbadvant wpedf the
spectral char aakeaght hCgaifist e e %@ddaeedéﬁﬁw&%{]s%f .)changebs, yhdhout

rs

sacrificing perfornmance. The use of five 5 rather than six process
reéduced syst efPEBLET AL2 SPRIWHHLF ERIRSiRT Chis pdxsas Ekkawsai s reformatt ed

into a 5 channel signal witht fmixer, @2d hak (gbyes, tfhai Ls) Sub sad(Bs into
two channel s using standard studi o m xjng techniques, i.e. the sub is

reduced by 3dB and added to ®he I dnd ‘R"SurfdaRl 10 channel's. More(2)
speci fical |y, whiieh| efre atriieghtos uti®undoclagBetse Lehalbe s € ShabudRSS

filtered, the; fer channel Sub i.s |ow pass filtered, an hen nmi xed
t oget her . The:@gg cEEaennele'-L cartd e W?BW%%% oFat a?ﬂéh5§°8rgﬁad\?}1dtah | eas
than 150 Hz amddifelédssurhl &5 Silgnal s. have orily 15 mininmal | ow frequency
contentyg An APT- X decq t.nhe five _channels and _passes Lts-and
Rts to a denixer 3%%%?%% ign a?’s% AeFPEre Flﬁ%ﬁ?’foo é;ﬁrr8’d'§c% FTIE-Fhd Rrs,
~and | ow pass EflRer angndxgmamest heen oinepr dduce di herstdweetenstehartel Sub.

g ®]

-

20 [ j . I.gh ' | f Ls limted b
cpace avai | abi T LRy oh Thecwa abe BelOR pHGL LS IR bR R cafeaedy, =

mai nt ai n back®&ed2edipadats 148 iaditdwssxi sting 5.1 decoders. Ml tichannel
audi o consumes a | ot of spagg.Ga the nmedium Providers 25 want to extend

pl ayt IE% include multiple different audio formats including 2-channel PCM
Dol by -3 and DTS Coherent B&istics, add.other content such. as -
director's comments, outtakes)= @ltGrePobyfas devel oped Dol by EX, as
described in PCT 30 Publicatjon W99 7941, whi ch provi des ‘nore than two
surround- sound channel s in t3& @ RAY25. 1 formats and does so wit hout

i ncreasi ng spanegédaial £NEHY T RE R ehalhb s Madd IsTu8R2¢EAnt DAV LEX
provi des m)rea}lgan t WO _Surrou t ober 2004 6 sound channels within

nd 27 )

the format of *a*dFgftar=%d anae(fH:ssfs}’[c‘irﬁ_rdéﬁdgﬁ’édh?Eep?%@? AR it
surrouRf soundoupememts. Theerepmbducddrmelis signiBbsorxieticught dersiescr et e
soundt rack chapnel. 3. et surrqund- sound channel s_5 are
mat ri x- encode Haﬁagfg%gfedecéi I etlv5‘\3/o %1‘? sg?'%‘tzﬁe Tr PBEAHETNG s BurffRSAEER
channel s. Thecanfigaratiet o 18 r eameofnothe dlisgrene, sdutdt HackEsyst are
desi gned to peayt+&ier OR] Yod WO L RMIT : ch | mai unaltered,
t hus providi ng_-corrpa’gi bi'eli tybv'i\#t h%g I %’??ﬁg&ﬁ)l a}a/:g%%l?%g‘%ﬁi prr%?ﬁl r%la%e
the format of H-ReCHetPR: cafPYi AYLEh&cdRgnt RRS8OYM Adegedies | araunmneadyed.
Dol by assertsukbat the discretenesa" of the digital soundtrack systemis
not audi bly di mi ni shed by en‘gl_ oying matrix technology to surround sound
channel s, particul2TFyVe i MAEEi¥Fe FRAGISEcERANR) FEORFPRYY candl PBAHY EX
i ntroduces. plaseostidh eduilr EAUNBesQUNEpHLEENdtQ MRl I BXs8Resle L83, 4 or
5 surround-sound_si n@l S i ntﬁﬁ_]tlwo cg%nne s, which facilitates decoding the
two channel s PATS SN a-H0 s JUBF8 SRAAREFRt PREPTIRGHIL AT iShmeaxe
, phase-shi ft eds¢dr ko isexeeantanl ateiidel Bedodeasand WS h8e 2820080
Prol ogikg. The odi rocess_is.giyVv by the follow n eneral i zed
equat I 00s: Lt BEASTiiaE tHe BEPRE) OF iRk, Gierss, I puq &t YRccaloutate
EEIi *Si (-Vii)gbim factdrd G whereby, '

Lr = Gl*Lt + G2*Rt

Rr = G3*Lt + G4*Rt

reover, 10

-




where G and H are the gain coefficients, Si are the ?5 additional
surround-sound channels sad ~i are the phase distortion conponents. The
decodi ng process is given by the follow ng generaliz i ;
Lrs=Gl*Lts+&*Rts Rrs=&3*Lts+&HA*Rta 30 Crs=CS* Lts+%’?%t§g%%¥%gégpeci al
case of three surround-sound channels (Ls, RS, Cs), these generalized
equations default to the well known m x equations where the Cs channel is
reduced by 3dB 27 Cctober 2004 7 and aglded to the Ls and Rs channel s as
follows: Lts = Ls + .707Cs, and Rts = Rs + .707CS. It is believed that «
actual Dol by Ex systens phaseC&hrfE5EBt 5+ amgkARS, ygpl us and m nus 45
degrees, respectively, to progide goke dﬁpéﬂi{to the surround sound. The @S
or SQ matrix systens cited in the PCT E’u |Tcati'on teach that technique. As
shown in figuré@iT deeednyPERvidas chetiter heodpersdartion 43ape@vigdesa 6. 1

channel mi x (L, fR#ad ayfRehes sSgha1 Wher ecz@sét%]linaﬁgg' tional center syrround

al
channel . A matrjx eCnCOdgﬁ_ 44 agpl ies the Prologhc cod P argord Cfmeias t he

three surtound Sound Th&THEFEEnESRRORTItian et mok paestleléheminto Lts and

Rts. The 5.1 channelThel adireft G5 Hhe 5.3, BoSna & sin AC- 3, Sony
or DTS ., encodgy; 46 sad recorded onto a nedia 4%. %gggiad%c%%taécodes

the audio data 16 repro THengedcppddol amay SrgmSaueedioge hainébieand

pass the matrixchanoeded into aad RbE sthamnelsedd, a X 0 52, whi ch
matri x decodes éig%ogg.%gagﬂtgl s _into rstgnCrs_ aér?d le‘g%E%%I F?%%tch‘ge&?ésaﬁéaﬁﬁti ve
matrix techni ques as the oYY GFSrsiatpd with mraknist codhiagnahd are

direct edl® o di $&r & etxpbykdischdté oAt ey DASKnat I 4,81 . Nt 1o
note that the tﬂg_rgﬁgrdhs_,?éﬁ@ : gurround, channel s do %OT“%%%?EB%%EQ(?% e
signal s. The sand crosstalk-sad pATEE UrS (IRersHirRREd disrmrtionatity ed

with Prol ogi c &v&thewmpeent rivhic eddintionabat ch@snal g 1 Weredl SQHEES Tlge
y to

mul tichannel syghgRheXbil @uklLhs, tyue that a listener's sensitivit
position and direction i sql g{slg g&'#orc#—%ﬁ?e:& griefvidsg e embanead aleW o

reproduct i on WEFFIBRBOY deapriei bitysourithe epataindn caadngl r 8CLbRBELEL Yor FOT

the samelsreasonge€onNsMBng, NEEEERLELids nel .suryound over nono surround,
they will pref %%€3-channel di ?gr e!tk% % 5% g%t 5B8F 36589 gthE  FeRmdmeTaT

matrixed 2 chafMEPRSumTGEsE=nEe|. PTEXtreer déenteta fiousid Séegnt OWarihe
enhanced "nul ti ehapaehd aushainedel by EXaR ovédgq& addi tional surround sound
channel s using gxisting, 5 1 formats vvit%outl L C{&'"C?Q’LS'HS'S&’) is
compreéssed independently and then mixed together inm a 5.1
format thereby maintaining the discreteness of each signal,

20 . Dolby AC-3™, Sony SDDS™ and DTS Coherent Acoustics™ are
all examples of 5.1 systems.’ S

As shown in figure 2, the studio 20 provides a 5.1
channel mix. A 5.1 encoder 22 compresses each signal or
channel independently, multiplexes ﬁhem together and packs
the agdio data into a given 5.1 format, which is reéorded
cn a suitable media 24 such as a DvD., A 5.1 decodér 26

25

decodes tpe bitstream a frame at a time by extracting the

andio data, demultiplexing it into the 5.1 channels and

| then decompressing each chammel to reproduce the gignals
30 (Lr,Rr,Cr,Lsr,Rsr,Sub) . These 5.1 discrete channels, which
: carry the 5.1 discrete audio signals are directed to the

appropriate discrete gpeakers in speaker configuration 28
{subwoofer not shown) .




5 increasing the bit rate. Furthernore, Dol by EX preserves the discrete
coding of L, R C and sub audi o signals. However, Dol by EX achi eves these
desirable results by sacrificing the true discretenesy @Etob@ﬁZ@Gﬁround

sound channels. A 3:2:3 systemw || suffer the sane crosstalk 10 limtation
as Pro Logic. 4:2:4 and greater systens will also suffer-phase distortion
probl enms due to the matri x decode. . . Dol by cannot provide true discrete

N. 1 audi o because audio quality and/or reliability will suffer. The PCT 15
Publication contenpl ates and then disndsses a new N1 format for truly

di screte audio stating "Al though, in theory, additional channels could be
carried by reduci gt iifé Sinemd Brodudts, oPBRrinmd emepiiedeiner ®. bigystand

al | owi ng the 4@ a0e 6k BDERasALR m_kh@na?&@:sowiﬁggngrsaw%ﬂ%r 8220 4

reduction woul d introduce unwanted difficulties int rinting

require subst'st iSRS FRAFRBRSBEST0fethanauprayed and istiwectRe
field." A trughdhrelfsokiB8houukEdcBeri AR RRirBRanbtD e1hstidly drardyar e and
woul d require_at, | east subhstantial nodification if not total 25 -
repl acersrent . ﬁ%ckb‘?ﬂ' B1n PEECFERAFASTSHGRT AV 99 Fofded AF SREWRNdust ry

to provide a imutignutiess)eties e 1 icihmanel s skeFormiad teguadreny i s oiHERREIW t h
nore than two_surround.channel s i intainin ackward conpatibility
with existing BRI SaBEEF ﬁﬁotﬁagir&mff Eﬁfﬁ% di%qum ff dRto
reliability. tSUMARYNSEsTHELhGVERT @A Bruddy nixihe ebshvieipreal) ¢, the
present invent, . 2 ober 4 vides. a trul iscrete

nul ti channel r%%%{gélberjﬁi rz%%rr%en%)%\ﬁ t %%a(?%fitg%ﬁ%é o e%‘ea‘éﬂg}lk FEGHERS while
mai nt atfi ng belekwels .coMeakei Isplictiy inal hy extled | Iegf il eomtl erisyhtA startoyndi scret e
asmellasagg.&ﬁmr npati b i fQr. _sugrqund-sou front ar_other
di screte audio cC annsglgg'f o?“tsci%\%erranfh)iﬁgnggtsﬁea leir}l,'leIg)iarals'rruglg% t?;f%llﬁ‘:)?i%ﬁﬁ

addi tional dicksmne Sud dssignapsssi filtdredexasdi thenli sixed ecggttherchannel s

into a predetgrdridigd { géééhj e i . tional
di screte audi o channg s are , é%isoa:{'t?gt g?%&%nco&%dgglﬁgﬁ%%p%n e W?ng he

pr edet er ni ned:#%7 nhkams 160t ik aRdbithe ilss t ARd bRestekgnald nhave. enghannel
envi rongent, hiveinEAr € olvhBRedih &) %%Eﬁt?“ri@%ﬂﬂf-%oﬁggoggﬁhﬂ %ﬁ@&%é
c 5

(Ls,.Rs,CS,. ) are_nmixed int0.two discrete surround-soun anne

(hts, Rts). 15tB%ief¥ve haspedscpad pPagses skiby andl R 4R adiesdmxesuddsound

g_hannelt S (Ltswitieh High pa880ed] UELH O Hend tdNdapdodude eNEodaia rRERE addi tional
| SCrete surr

gémd-sourkcéi*audi o signals ng,%mare i ndependent|ly encoded and
carried in a HPEEEL TERS G7% FHPTuRBSR ot FRRERARAe (Bha SUOvRREeRded 20
to the 5. 1 bic¢isanreelmsSa®b.ext ension bite. The bitstreamis conpatible with a _
vari et yyof decoder. fi.quratio including existing,5.1 decaders' ,.a '5.1
decoderiopl us exi st%’%%glﬁﬁ%#i ité(’:leglg'gg?:glfea%g‘l %‘ioééghﬁf'uém‘g&rﬁc%aﬁﬁé%der and
a N 1 decoderformifes | he| idndhedf byhesmedn tavidlakds idiys ooret €he umediad- sound
audi o si gnal spdfy 2ihe shivt stfeapyuakas PAssidli6 o he, " gas i ue
di'screte nul ti chann'el:f' "gjdi 0 when u_se(?_911 ] %etgé'?;tehg‘?ot ﬁ%lﬁg.g"{Ldg%ggé’r&%I us the
m x decoder ofFTRREIRILig¥cotidh existingchHder deeadershe Multichennedm and

i gnores the 3Qu@d easiiindd t£. 1d0ecB. Iphecodrr taecadasuhhe g aad R s
surrouag-sound channel s and directs thé mxed audjo signals to the discrete

left afmd ri gh?aRurkDFtkedu Rt heRer dnchpds PRek R antEid iorenyi sudépe | ef t
and right surfeottimtssoum@liuding 2-chammel PCM, Dolby AC-3 and DTS

Coherent Acoustics, add other content such as director’s
comments, cuttakes, etec.

Dolby has developed Dolby EX, as described in PCT

30 Publication W099/57941, which provides more than two

surround-sound channels in the current 5.1 formats and does

so without increasing space requirements (number of bits or

film space). Dolby EX provides more than two surround




27 Cctober 2004 10 signals and a phantoni surround-sound signal fromthe
center surround (Cs) audio signal and any ot her additional surround signals
that acoustically appears at the center of the |eft 3 (b&rogghzéeqround
speaks. The phantom surround 5 is conpletely devoid o

di stortion. The inclusion of a matrix decoder with the 5. 1 decoder decodes
the Lts and Rts channels into Lrs,- R's and Crs matri xed audi o signals,
which are carried on discrete channels to left, right and center surround
speakers. The 10 Lrs, Rrs and Crs audi oﬁsrgnals are not discrete and

hi bi h I Th I f i
cXPIDIL the Cr Salel 20505l ol (D IELIx cod ng. (TheLfcluss on of @ mix
adgitional ﬁursymn‘airsd@wﬂgmﬂgtﬁ g@?cﬁmd_éCrSplﬁ/-lEhé %ﬁrﬂ@@&ﬂfersolélh ot
subtracts the ed syrround sound audio_signals : romthe |eft
and right tot a%ﬁagglr ﬁgund%gﬁuﬁdm%ﬁn%?”(egﬁt §r?2r’f%c)'°"f‘£ﬁ$r16’dl§@€ gizgupte
di screte surrosmurdomnk atlimmelisgrealds 314 sofRrs, ﬁﬁsrouﬁd Wit SHereal i ed
.on discgete c t p L A.tr 1 decoder 20
i ncor porgt es t Eﬂl&d%égoegiecr%%ﬁrad%%ﬁx%?égoésg g |%F8r55§ SRR k
creates a truI%0‘@1%@Pwdt@‘dcbctham@sgnafl‘hecdlglmﬂ. caudiics atetamchBiiiel s to
por L1 on exhi bi TN oF SFatehe SR dbnel " T BrbP Sl oY S ke

portion exhi bits”inprove soun ara ion a
matri x- encodedswqm%@%mﬂddﬂ@ameds wemaihg - snabteded, 1th1hanpnecbv1a11dxgo

provi des di scredg.Aiiahack wlttﬁouﬁlgﬁﬁitﬁéybame% Attt udeatiles and

advant ages of the inventidn app rent toth |IIe he ‘art
from 30 Whe f ot fiaradetad (e mesis seroing phef @rgedaénmmarmnag;cst aken‘
together with i$%§€@&&énylﬂ9%%§%s ERaWhigd: (Pehabsk c?f)f&g.'

BRI EF DESCRI PT| ON OF THE DRAW N FIG 1, as describe ove is a ock

di agram and sc lc %‘P‘é’ﬁdﬁ%‘ﬁrf of‘YatR‘ﬁoM Db?tbyaPiﬂébéy' dimimdsheds dynd
system and a tdgslicy: qmrrtgut deabhﬁ@ﬂoépueépwﬁbuéd' %&Iﬂd)néhéxﬁfels

reproducing left nter ht“(R), and_surround (S) notion picture
soundtr ack cha?ﬁ'ﬁeq(lsc)"‘ Y 3£ %g)tag PBE’CF‘ ARG 18 18 I@Y&Fiagr am and
schemat il§ pl an vi e\mcd.ﬁoyaEknmwar&ﬂc&ermuadsﬁﬂﬂﬂQi SHSEind dond NE0R!

. sh deal d loud K f 10 d | ef t t
(0 ght (R)ES ST S0 PR, 3 roF| OnSHFEPURE- SHURAL PAEREkael &+

FIG 3, das dezbm beraedvs, wisich lflamﬁldaagsigeo(f;(dﬂngnams ETu{éSB %a’hnels
surround- soun t t 2Us gn

- descri bed abovlgelos T4 E?ock %fagram andéb'eécherra rc % Wtéﬁfloro 4

Dol by EX surrcﬂhﬁtﬁﬁs@@rﬁtﬂﬂstt@mmsaaﬁﬁeatml sh@vwcr:igbydbm ageik Ivasds:peaker
| ocationg for pemyPdbeslegielt (tde ERALEIN L%Cbr8559% { n%#ron 3 pyUliund

(Ls)) right surround (RS)”and_center surro cture
soundt rack chatfeiwiing gensradigeg) B‘E‘Ra%H-%Rﬁ-am of a surround sound encoder

i X SRR N R
Rts = Rs + 2Hi*Si(-¢i) for i = 0,1,2
where Gi and Hi are the gain coefficients,- Si are the «
25 additional surround-sound channels and ¢i are the phase
distortion components. The decoding process is given by
the following generalized equations:
Lrs=Gl*Lts+G2*Rty
Rrs=G3*Lts+34*Rts
30 Cre=G5*Lts+G6*Rts
In the special case of three surround-sound channels
(Is,Rs,Cs), these generalized eguations de;fau-lt to the well

known mix equations where the Cs channel is reduced by 3dB



25 FIG 6 is a schematic illustration of a N.I channel bitstreamin
accordance with the present invention; FIG 7 is a block diagram and
schematic plan view of a known: 5.1 decoder with a | r angenment
for reproducing left (L), center (O, right (R, Ief?#sugr%géﬁgo%

right surround (Rs) and “phantont center surround (Cs) audi o channels based
on a 3:2 mx in accordance with the present invention; FIG 8 is. a block
di agram and schenmatic plan view of 27 Cctober 2004 12 a 5.1 decoder and
matri x decoder with a | oudspeaker ar r angement for reproducing left (L), ~
center (C, right (R, left surround (LS), right surround (Rs) and center
surround (Cs) aaddagaehapaetse BsFhfn Qs'caaathQC&sdfeﬂFaﬂ}.and schemat i c
plan view of a. 5.i decoder with a m x decoder with oudspeaker
arrangenent for r epr oduPFRg=I ¥t +(£707%%n@@ (C), right (R), left surround
(Ls)., right surround (Rs anplscentv:nj7@gJ,rround (Cs) audio channels in

accordance W e esen i nventi.on IG. 10 is a bl.ock djagram and
schematic pl atr~1"h vvbg?‘lﬁv% 1 Eo%’é‘?u% tDﬁlEYI B S eEReT %}?ar‘g&négﬁgﬁt Lsor

r epr odudd ng e (3, bgentlars (&hd niighis (1Y, dbefécspr reupdotimiy /gt

surround (RS) nter s audi o 15 chann FIG.11 is a
schematic dia ?%%1§ %rﬁare La’ef%éecodgaeshowquﬁl urﬁfandT]?‘?}c%grp%?a%%d in
the 6.1 decodeatghewsyigtemisG clifed FAG th2 imtm hﬂzbl:kcdt:a@:x atezdh athat

al ternate enmbqdi.pgBit,,20 for the N. 1 channel encoder, which provides
enhanced m xi ng capability but requires both a 5.1 and N.1 mx fromthe
studi o and addi ti ofgl s&ewansionfbitse 4adifl & Dtdhyws mmmmlcﬂgrﬁm of a
mul ti chgmnel eReo pLowi di dip I a 25
backvvargmcorrpgst&?baﬁg %gxg?%ﬁg%rsr%uﬁdqsgga%‘nq ;H(l)% &) er%{ écr é%ég
channel s. DETAMEED [FSSCRF PRETONAGE tH-pna et an Ené‘rpnaéemhannebntl o

provi des a mukdzrehanaghoaugdi £ 30, gﬁé@tthta%rg %yaycgw ehgedscif! Loas a
backward conpati bl e nmi x for surround-sound he I screte audio

channel s in ciTeneChTRAreSHRENRE, Ssumsy Shenaeter ofeeris RSihcaduational

di screte audi Qm@bgaal ghafe in2b Oqjt@beranQOOfetQS m el Wst B tgﬁaﬁéfgl ng «
~di scret aud| l?"JHS into .a predeterm ned format such as the 5.1 audio .

format.dn ad ebES aRES t PBﬁaFnﬂPQ%‘P cRelng ogr® ARahnefennrer eﬁ%’fbded

and appended. teﬁncbldermedeﬁﬂrfﬂtdwﬂdéd?rdfﬂio asmedext £8si on it %,ebedéfeso
bitstream The, exi stlgﬂabas%eof mul ti channel decoders. can be used in

conbi nat i on WA SR X 0etd 2R3 4 FFRCeIPFEl FRei diFHRFNL 1R nhl #Ehannel
audi 0. Thi s alSupwsudiconbameelsramd qf:ss thaamatpirhenseisthaitbeand orkeep

their existingaudb9sS¥8! MR §8L5L4S SU™ s MSarrix decodes the
20 channels into Lrs, Crs and Rrs using the same active matrix
techniques as the Pro Logic decoders. The 6.1 discrete

channels are dlrected to dlscrete speakers 54 for audio

playback
It is important to note that the three discrete
25 surround channels do NOT carry discrete signals. The same

crosstalk and phase distortion limitations associated with
Prologic are mnow reintroduced into what was a truly
discrete fnultichanngl system. While it is true that a
listener’s sensitivity to position and direction is less
30 for rear signals, true discrete audio reproduction will
provide better sound separation and directionality. For

the same reasons consumers preferred 2-channel surround

over monoc surround they will prefer 3-channel discrete




10 benefits of additional surround-sound channels or to upgrade their
systenms by adding a mx decoder to realize - ' truly discrete nultichannel
audio for the .ultimate |istening experience. It is ood t hat
the present approach is 15 applicable to extend any tgr?(gat g’rgﬂ?fr%g%i

mul ti channel audio format, of which 5.1 is the current standard) to greater
nunber of channel s of di screte audi o whil e mai ntai ni ng backward
conpatibility to the predeterm ned format. For exanple, a true |0.2 format
may be adopted for certain very 20 sperialized audio systenms. At sonme point
after the adoption of such a 10.2 format it may be desirable to extend that
format to evemnmdcmieh&txﬁmedpurﬂm&mfsxmm t he present

i nvention wll 3¢ d wit h referenc 1 channel e t hout

| ok of 25" gener aFLEYY FBE APHRASEE 4| BAFES” T4 pRouaRE ARHERASn il
now be descr itpEd ivihahnedf eudice tbollbneEﬁmorvg@elsnatiﬂetd:mmabmum:fomdS 1h
channel syst bl ia SSur, souhd
encoder 100 ?énguél?cor a%fc]:lz efs (&%I'{FH %&gmr:gsi%nt Ig| r&lven |on V{l%ﬁg%tllo -
provi de8 an NIcnsssima thsc bﬁft WHEtEh tﬁ‘erthﬁzr@oand ngbrh@hrmraﬁmsmssed
directly to ath';,_ nggggggé %ﬂ,&:h as 1DRS-Cofies e thc td %ﬁ’i y AG 3 or
Sony SDDS. The Ls, Rs, any 37 October 2004 14 ot er g |t|%nal
sur r ound- sourfiPWEEdhel E’O?abﬁ fEﬁF sechagees] tdegeni Geehedhle reaultmt by xes
the three or é%ﬁﬁ@"h%e'@hé Nteubl 3isaPerAss£Naanens Whihndr @ddien

passed to 5.1 encoder .1 encoder 112 encodes the 5.1 channels and 5
channel encoddialnpiss 1Aeh:2: 3eﬁ¥%ﬁ%“twlaoﬂ+ﬁ%a¢h%uﬁ%n%%ﬁm& |

channellg, resm@ltﬂa\te_lm é@1e}?ﬁ$'aﬂ@§ic encogders Amy gh?éfaﬁé}.e Spdtema. Yigncoder
defaul ted to encode gl e ch or other_ sin Ie chancel encoders. A
n

frame formatt%rSoL 182 E‘a?ﬁe P@ﬁ%’r% BreRlendadugo§p, the WagTizy each
of the surroud¢ksiaund channels to,tthe 5.1 format bits 122 aframe at a tine
in bitstream| 24 33 hovvn i n flﬁure 6. Bits ream%24 i Lecor ed on a nedia
126 such as a DVD; HhaentRugi §rEare %r]?rra Jcch §93Hse

optical ly recaudied qgmfbabtﬁ laeydl/esenteltibbi Ui girt ali inf suddda . on, Thiee T

di gi taI | nf or i.on, .{n turn sents i.scret.e audi-o channel S tical

~discs $ach as%lléqa’tﬂlfﬁs 589838'P?é€es| ﬁﬁ?es P i SIFRESEREC %u??‘ﬁcéwgr? L
represent di gi¢miat nformatrahy tdh.e:cm‘egetaludllmf ostatimeg, “Rdthuugh, r epr esent s

sald discret ecpudlo ANl Soaft LAl Yollld Sid SR 30, cou e

encoded on a carri‘ed Sign cast tO consuners
conpati bi | i t ythe symbhelaisice Hac srderckd DUl dee osder Hitgaandrall awiads. 1

bits and i gnofgs tNBrAHLEH HdA Baea TIAIGHH el ‘i::h%':.tch‘ihéfé‘@l A qis

achi-eved with a_new m™x decoder that reads both ext ensi on

bits. PHe incFeIFicn wRE édd}ﬁﬁwcesﬂmdsoéhéfé@éﬂ%l% ghBl $hen bot h
the two-channgtifdoa J@nﬁr&hé@é ehdChagnels Shbhsinwtas theaNeRdtion err oduce

a phase-shift |n oy der__to _decode the thr e audi o channels. such,
m x 30 encodef=% %a?%?gaVFEXFJB’rWF? ggeni‘f%gf‘ie st riFHTdNsd u‘grfélr"tarﬁnnel s.
For exanpl e, wmxmhbeerﬂtndnmpamnﬂ@dum n@cp@asm;hhfab:awefedehay&mdﬁm s has
t he advant age_t hat nel a dre ecod hat 0 nt on
Surround 7 ERRR, Shocra o RERnsceds GG LI BLECHE Chor i
phase dﬁstortr@ﬂaaﬁm@matel y, mx encoder 114 could phase shift the Ls and
Rs signals to inp ﬁpt g’i%é r lmg audi o.
The key is that tﬁzgeal'-f‘::ﬁfa(:{s.%1 mq:ih%%?o? needa&(lj In or ﬁg? 8geco e, and that
t he incl usi onl@iuﬁw derlinnotisle ehamby Sigeneke Fuldichannel | susraoind m X
decoder to re cendk a f [

RERS Cendk sehRERraUMitd fRirefi theh Tt a@gf%#%@&%{g

coherent m x, the generaljzed m xing equations are
+ ~GSi.for i while fuaintaining peckward| cpmpakihikity wizh existing 5. oy

30 decoders without sacrificing audio quality or reliability.

SUMMARY OF THE INVENTION

In view of the above problems, the present invention




where G and H are the gain coefficients and Si -are the additional
surround-sound channels. In the special case of three surround-sound
channels 15 (Ls, RS, Cs), these generalized equations e well -
-known. m x equations where the Cs channel is reduceﬁ?ﬁg%ﬁtr%o Hadded to
the Ls and Ra channels as follows: Lts = Ls + .707Cs, and Rts = Rs +
.707CS. 20 At this one point, a 3:2 mx of a center surround channel, the
mat ri x- encode equations for the Dol by EX system and the m x-encode
equations of the present invention eachgdefault to the standard techni que
for mixing a center channel with left and right channels. Al though 25 'the
m x equations axevidesat ecdirdy tdiissrene maltichiheeSyshg@myobniie g nt
invention. is {upgda sal i faf t han, ei t her | by .EX or  standard

ni xi ng practi cggeﬁngﬁﬁggg@iﬁgt fg%gégg%%egé%la‘? t FORET-Si 8%& € BRENGRATE xed
into the |eft BAEBKVREAt CaPRmzlliliter stiyhsext $timd neddwemhi ity to 30
reproduce discrete gugihthady di.q. javention details a

met hod for botE groduci n‘gpdi g%rreet?% lr?ugl ?%gﬁaﬁ?%cﬁ%ar%iclogpﬁﬁ Qg
backwar d “conpatPhi FrEFOURSH §RED0 E5PnEXeT t ke m plirmaster agdic eshan®l s
Cctober 2004  6raddinkianahdie! $He3RACE) o'irorrﬁ:%‘ig.d%%hﬁigiﬁ tygam, Hovever,
"as evidenced b&.the earligr, adqption of |'ef t/right surrou T epi™de mono
surround, true UPSETEE e 28HPoFHINE 8N HLERdIEBoWI S stzion ol snatetiex -airiiaded
sur r ound- soundchanhel s 5 dhe abiﬁr%ﬁléﬁémniﬁe&%mﬁﬁa{tmsﬁxdﬁ bl epyag ety Qf
decoder confi gyra i.ons i@ﬁl udi ng existing 5.1 decoders, a E 1 'c?'eco er plus
exi sting matri Xodacoter sTRESS. FofdEIABRL pidigcrekex avdirlechandels Nate "
decoder .10M xi ngepdmea tasldi tenandledsatid mﬁmeanﬂo%m%&a@&%}gﬂ@d' dma@nd
right sUrroundag,Oeﬂ&trll&J_mPr avi des gﬁckward coa?ati bility. The i1nclusion of
the additional ~gi SErete Thrsthd™s 5ARdCRtRF®a™gnal s in the bitstream makes
possi bl e the reproduttizon5ol tohmnails céptiroitenitGhapnel wsd orpdien cysed

with either thg; coder plus the. m x decoder of the N 1 decoder. 15 As
shown in FIG 71%1(1:%%%“ 5ha af??%e@&&é? i\ dddShREsEF eddm BXE a

frame at a tinBl¥sd daettivey dilsersyacsirtoundeadiung Thinhel guinad fishs 122

and i.gnogsi Ng exfensSERRLPI - 1204, oder .1 30 decodes the 5.1 bits
. to reproduce.left Lr??éctgﬁgér%g?ﬁi@'rgi’gh%ﬁfchﬁdZ %&mrs"(‘é’@ﬁf-#‘l eft -

surround (Lrts§ouithFRamarlssuilitouREs| Aats) enicodedt eshuri 0 shaaekss. The
left,' center,efddgidr and, Sub QHE§E§$§afhgﬂQSLé%eWHuﬁl}o%%ﬁr-%o{f pecti.ve

di screte audio_signals, are directed to discrete speakers gﬁglgub
- (not shown) i i si)%%\'kér e dRgerendently fencaled|anydamkridieiheht and

right surrounddianed SsxtehiseBnCaht¥oind WReHCRARARKT M Xat A £ a%%iﬁgﬁd to
This creates a “phantom center surround (Crs)

di scr et gpspea S d .

audi o s?é)nal rﬁéftlgepp%‘;r sb%%:sd:&ﬁi‘&‘t REaPFensIR ek  héthe khitgtReampaaker s

wi thout the bermpatidflean wiktactualvagpesyerof Thee@asht i 0bodfighRerRBARt OM
:

surround can i b Lustin he, mi x but is typicallya cente
sur round.: Congﬁlrramﬁfsdj&% h)ééc%gls‘,:tu'-'lgﬁg gfl d%&?é&F?'caﬁ c%o?bséﬂq‘ﬁﬂdeﬁ-“o Bpyfade

and still rece#¥iEtdnsompariillsl denpders, 22F.Qctebete20fNud 7a AnigORweRELPNAl

5.1 decoder whggy ugedyi 9 YPerogesr SYS r duces t me nul.ti.channel =
audi o experience for the er%(ﬁe%d tecﬁnl q%rgésf estt i 15%3 St iBGEr-E<SCB2And 6
as it ' ul d SHSFFetsol SyrEdraniad aaaiio datgnépsovirdethé hditsrpagns RS
signal s in DolidykdsX apgsgobiPhaggeshi ép‘i-% 45 de es). However or

N: 2: N syst ens re I\Eis or N=3 and thzfe Lsdg%glgg s%ﬁal %r‘é?e\l\ﬁﬁﬁgﬁéegﬁi fted
the audi o expéft sraedoEudie wher upRé watbdedgheecltheqBes décblier

present inventplas whel migt dexBabitot ehdRAseadi-glalt i on
A 5.1 decoder reads the 5.1 bitstream and ignores the
30 extension bits. The 5.1 decoder decodes the Lts and Rts
- swrround-sound channels and directs the mixed audio signals

“to the discrete left and right Burround-sound speakers.
Playback creates the discrete left and right surrcund-sound




10 probl ens associated with Dol by EX. . As showmn in FIG 8, the basic
pl ayback configuration ' depicted in figure 7 can be enhanced by the
addition of a ' matrix decoder 134 and a center chan&? S@g%kéb . Matrix
decoder 134 matrix decodes the left and right surrou 18¢ hd%8fannel s
Lrts and. Rrts into three discrete audio channels Rrs, Crs and Lrs that are
directed to respective speakers La, Cs and Rs for playback. Although the
channel s are discrete the signals they carry are not. The denmatri xed audio
signals exhibit the sane crosstal k andig)20 phase di stortion drawbacks as N
di scussed above in connection with the Dol by ProLogic system As discussed
above in referéapeleo Fidjuae YWhaniemposhyrEXndyrspandi sidmsilgnixbnf otheise
with a 5.1 de a b X I Jhayd t by ‘Lgutat | Agai n
the 32:3 25 Syotereonmy B et varoar Bt he R W arPREL4RE ST
phase-shi ft cENpEAERE sSigRTR 2@pRYdicid 1Y ROpeasei ek theerenhen 0E3
there is a 45tdegreerphagershhtt sapphipd doadihe. L%@%h%&téhgeaﬁo?ﬁ?h

e

illustrated in figures 7. and m x encoding . 30 techniques o

8, .the
present 1 nventfofi*HRtRESTY PEYRIAQF CoWpBRRBR ALFERFEROD. 1 decoders and
matri x decoders. ThReaudtDudesd Grmanggttik SidomreRithork®Iny BXcbgsr3: 2: 3
systens and ig%ro(ged Wr]}len dditigngl su%roun -sqund 27 Qctober_ 2004 18
channel s are EREBYRT. “LTHEYi TPF nbE® aHVRAGR JFPheTSredtift #R 0 Hg and
formatting tealnriged cametidokbynEdXs, awhibthusirat edririefi @y egiBeddgei s the
ability tore trul iscrete 5 N 1 channel audip; discrete sjgnals
carried on di gérg'g#éf%héﬁn%?gétorjcﬁﬁcﬁﬂgecgﬁgﬁferﬂ‘g?rwcg\ﬁ Eéa'by'.ﬂlghe
i ndust ri s notesf rRms nad | = rontieds deedde dirmlIrtdtc BAnoedt o wdido ekdhidiscret e
5.1 audi o earl.ier S i1y prefer_discr .N. 1 channel audi o over
mat ri x- decode%hﬁl. ?Lr§gg1é%g%n%%@éﬁj‘é%éo§d %%géh%l\%nrﬁ% ?%’éh’%%- 9, a 5.1 decoder
140 reads the 5.1 Ehdi dnt22sfponebi astniradetddeandicthnthesst hedexd@asi on

bits 120a, 12 , od .1 C nd b si p es.themto
respective spggﬁg?s ?ﬁga %(?)‘I'Jé s%'e.a er&?l%grgr a%%gmﬁ%%ﬁé%4%§§§§§li%{n
decodes the LEyrapan@-soyngnaiustigndsigmedss (Prem-th- a fhe deiboddectddr whichr
| gnor es13 e Seladalh0s Dike AHHRASu MRl RAS0BARLL Cas Mt deader) 1f 4
decodes each of these additional surround-signals. and us e 0" Separate

the three or FBPB stReoukRESodRd sTiFRA stoballs ssurrgupdequng f sdemehe Lts

and Rts, whi ch1.2t8, RRESRdLs OpEbSEsLeuspeaksrsets  sSraat-RRundS 285040 i N
figure 10, an ecogder 14S mco;ﬂgorat es_the functiagns of the 5.1 decoder

N. 1 :
and m x decodér"gF?lf%ne 553 Ro&y Sfowh - | FERCHur 8721, CaRni ede e Aisgetac| udes
a 25 channel deandelslifot hatsceendespehkeadditi opal tsuw r aundsgepdaghannel
Crs fromthe tension bits.and directs it _tQ the genter surround-sound
speaker “Cs. . %%85%8]585?51§H'ewgi'ghf1§c?§?r (T afnlf4§8f?gﬁ?g?'nr§dﬁt’:ﬁgf?t by
3dB, and subt basts PlEgbackSebeatesfa omutle discretal Riskretgnalignads 30
remove all tr . Lg/xcept i.zati Lsg) Qf. t ~er surround; sound
channel  Cs I-e%\%’?ﬁjgégnl ;E/)Bt hgﬂ I sce%%t e%&a@ﬂ%ﬁ% qu-'so- sirhgfr?%%s%?:gv\msggﬁig%g) :
directed to | &rEranadrsghnds rroiedssoid gpeatbdad EhanduRsoubrgound
speci ficall y pRerdsrode exni B 6Lt ObRprdPMd 1%cund  separation and

25 directionality. Unlike matrix-encoded surround-sound

audio, the mix-encoded N.1 channel audioc provides discrete
playback without crosstalk.

These and other features and advantages of the

invention will be apparent to those skilled in the art from

30 the following detailed description of preferred

embodiments, taken together with the accompanying drawings,
in which: '




equations for a 2:3 decoder are as follows: Lsr = Lts -.707Csr, and Rsr =
Rts - .707Csr The circuit is easily expandable to acconmpdate nore thaw 5
t hree surround-sound signals by using additional cha c ‘B%Pg%ﬁ’

mul tipliers and summ ng nodes. As shown in figures 9-117 the incorporation
of the additional surround-signals at m x decoder 144 provides the N
equations for the N unknowns in the m xed audio signal 10 carried on Lts
and Rts. As a result, other than quantization noise, the process of
separating the audio signals is exacty;i.e. no crosstalk or phase

di stortion. Therefore consunmers who upgrade by purchasing either a mx
decoder for EBEER DBESCREPTICON briaggdeoraarnasnew N. 1 decoder 15 receive all
the benefits of ag} ul¥ discrete El;l gn%%; channel . & speaker) system sad an
N.1 bitstream format: It P& id%ﬁ(?F f W6t e 1that Pheckhudiagnamlang/

obt ai ned by afkématideplhnesiew mir e Skitisvanl NDo Bio¢ NBreNaghe! suiitighdt 5. 1

format and appghgli iLr I ~.surround- sqQund_signal s as

ext ensi_on bi er, angggégg{r g’tqlgné %E%agégi gh?lwéﬁgl §'%§§Rjgﬁ§’ti agg‘éﬁ'ﬁ’%%ul d be
. subst ant i al F§camEoBANEoBSrerwodumding Jediti (i) aseeacatedon, thignd rgg N 1
format, whi chpyvoush bag)b d_g ible wwth 5 1 systens. This -

sl i ght advant age ifélrcgz;ﬁéciil ?’ﬁ%@’éh@?%%ﬁ?%%%@%ﬁﬁﬁ Sprovi de
backward conpati bf1¥t y2. ARShdggsriheddedoviebed saldi il wdki dicgaparaid ng

t echni ques agghdmsgh £+ egibhts for r e Llysapplicable to all
5.1 formats ingl udi nge.%ol by_%&ﬁ@ﬁﬁ%ﬁ%ﬁ%w&)’ésgt %g;%%g’%dpg lf‘ri“:‘éLi-’fyaf"r F wel |
suited for uE% &t FRERESDTEIGNIRS Helaadil zacb doudepeaithi chobaisidnize £axi | ity to
vary fi0ame st&gredudinglegerkbed,y n kb 1 8mU. S..:Batent, No. 978,,762. The
vari abl e frarf?irsi zedcg;% be u_seglh)'t_o g%%grbn%odg?e’ agég?ft;onéﬁ) 'su?’ri(’)ur%-dsound
channel s, i. & 1H& A8y P2eGUToserdtiTn llannedgei t her a)

reduci ng t he frarmrcsj ZB, Qiis biesiEhitdy elnoangl ng ¢ r 2 Iz | by
AC-3 has a f,xed f_%%%Essiaze with insufficient bits it%}gac%l(r)% a?g tgﬁe
=5

¥ FHFEHG SPRad) pryter thetsuses oasirakemadlaudi o

ext ensi on bi TS W t
signal s. TheAEI<X Golmydar; Acousti cs. encoder/decoder can vary its frame size
by ongsbit at a tgtsm. PTS_Coherent, Acoustics has the flexibility to reduce
frane Size to inc%%%’sept h%gg? FsFﬁf’}ée%oa‘gﬁgﬁnnﬁﬁalae Norks \dagramaaad1 0

parti cul ar| ySehmmaida apbat ensewn dil ts. khbenr @dubi X Obu+ANR-Sol®d

i ncreases t hg-nesceniage of by located to overhead. and reduces the
f1exibili tyr?%r bit all ocgti giﬁé%‘ﬁ?’l’m %%éﬁ‘s’ ?%uel FREtET r\f‘i“ F audio
to be reprodtRF 440 Iy Fepreduciomntetuallilty cehfesn (a) | eritite (@ybodi nent

for, encodi meft kuwehanne Ay @E?’s%&r k C I.S; sho in fiqure 12. =
Thi s aﬁpr oap&sgr ovi des enrﬂaﬁge(cjhm X1 ng cgg:g%i fﬁfﬁf’if éﬁ“tﬁit CF’é‘%%'rse“s’frﬁg'Pﬂ as5.1
T . m

and 6-1.m x’ MG Gt RlcsuaRdsagaiETapal chanmedsi;:on bits. Studio 150

provides both a FIt.ms i%52 BNEIcR &idgFn o L %Iﬁw La, Cs
and ' RS char&rhelﬁsgre used. Thﬁ Ets Jéad Rts c%a%%g%gu%? % e .&?Sc%&%rhave
- C

been mi xed by t RECST Oaro° t ¥lthc bt PResest chRMABELOThEos. Previdisgpassed
to a 5.1 enclidewerssN. hathamosidemdibe thutt i 6 haMGlars @Babat e @sshandard

S.1 audio foyat, h .and Rt's audio channels are.” wei ghted by
coefficients Cl 5‘53’58} gh@&éﬂbtract ed fromthe Ls and Rs audio channels

from2he 6.1 m xFIf54,6 risspecschemiatic o Jincduee idif oEr @ner 15kgaahs1 dLS and
dRs. Aa encofdeis+ldqencodes S _and passes themto a frame 30

formatter 160 that appends ?ﬁgﬁlg%s“é%}gn%%oﬁrﬁﬁegl &n{'ﬁ’égﬁ‘?ﬁ" audi o for mat

in the bitstreamfIacl d@dirt bdegk dhagnen auidleschdnari s pllaaddsewnos new

channel 1o ieheialsiogns!.an didcherhi 2ui2PR" 928sh ROt §20EHEGHAST B, P!
reproducing left (L), center (Q), right (R}, left surround
30 (Le), right surround (Rs) and “phantom” center siurround
(Cs) audio chammels based on a 3:2 mix in accordance ﬁith

the present invention;

FIG. 8 is. a block diagram and schematic plan view of -




27 Cctober 2004 21 to mix the signals but requires two additional channels,”
dLs and dRs to encode the audio data. To this point the invention has been
described as a technique for mxing three or nore sur ogaﬁ channel s 5
into the left and right surround-sound channel s. ﬁ ¢ the
current application for such techni ques, the sane technlques can be used to
provide a truly discrete as well as a backward conpatible, mx for

addi tional front channels, side channels, subwoofer or any other discrete
10 channels. As shown in flnFre 13, an M M xer 170 m xes N di screte =nput
signals. into Mchannels that carry th% Nchannel m x. An encoder 172
encodes the Machanneldeutkled Skghal mitt o a er ed f Channel
coders 174a; %5 174b, ." encode each ofﬂ% hg@l’:@ﬁ%ﬁﬁ-ﬂ avglldtr}f ﬁ H‘i%%?: ¥ audi o
signal's. A franbarerhette oY 76°RpPFERALnEhd e8hicoded amﬁuanMWH)S|ﬁﬁgﬂ§ as

extensi on bit$Rlp Lkétpreegebend nadk)f,orfRi tr ch is then

recorded on a,gp dg&%?‘%?E Thi sddesirl be ﬁ- a é:enrhe%a ut‘é%proa?h%gyf S ng a

20 predeterm Pe %%\)nr?@ Hud Srfat to a greater nunber of d| screte

channel § whil e maiRT&I n® nis backiaokd dzﬁrgiatul il Tsﬁh%ét‘lgeﬁim%?dﬁ gned

for the predefergny negﬁcgdg?t ile sever% illustrative 'enbo rrents of the
S

i nventi on have beeén own-and” cPi bBt* FECSEs WL afi oleudgpeadiarer nat e
enbodi ment s vR¥Tangsment onhosepsbdhd:Emlgl Defbe (@)t . cauehrValhat IIS%?}I wand
a

alternate enb nme a ed a can be de WlthOUt rt|n
fromthe spi rlpit@)| an ﬂéﬁgcoaﬁ%ﬁ?he |§1ver¥t1|gg fé’ud'é’flfl edREn ERE fgnndste )

cl ai ns: st e 208k Tehannsddi dm a26ordftd @Eendese Vﬁgége%t )
pl ural ity of m‘,sé;{tqtcﬁlaudl o channel s and M discrete surround-sound audio
channel s in a predeternined nultichannel audi-o format 122, said Mdiscrete
surround- sound audi®¥ cHéhAel 8 bapeki dbagran sarf shhihabie OGS Qs adi 0
signal s, and at ge@st dansgagdi-sc exte surround sound channel 170
that carries at dast one of t&gk% s)l%rgilsjdn SISTE audfi"G3SSGRaErE. £oTThe

medi um of cl HRPIUHALLBIENELY; seerter e onsiights(R) pmﬁtﬁ@t&d—oﬂhannel i's

recorded on t{Ies)vediigRASs@dRE Ofkd)i t et er.m ned

mul ti channel ud| 0 fjgrﬂnnt 3. The m i ua?%dgf C! aﬁ%%&r% ae ?hé‘ Ve um i s

conpatidl e f St aﬂnfy} dck on an exi stl ng base of audio decoders configured to

read nedi a record@dcw tiL the pr fgjﬁ-,te@ﬁﬁl@edh nﬁ_n ﬁlll o.far t and on
e pre efiSF

audi o coders s‘i‘; S’éﬂ g_#‘r to read nedi a recor ded W t
nul ti channel of an héHHPQPﬁ%e%x%%n%hﬁ)rﬁ §urde@@ddrsshndn
channel . 4. 'IIWeFﬁEﬁdl @¢m:of claim2, wherein the Mdiscrete surround-sound
audi o channel s angsat hLega cyete _extension surround-sound channel
are regorded on the neg?u?n&a%r}?lési%ﬁuéer?@g 3B CFudR ot FerRAE e kabofdmant

di gi t a0 bi tstfPé'aﬁFeeHch @bﬁ@&d—umotieanmhnﬂi whovg das SeilanMaidnigygdio data
i'n a predet eeaipaedl rubt hghanagl ;audi r pat repr tative of said

di screte surrg d- souin audi o%gfianne s?ftﬁa% % ‘% dppentredm t Bh]ai d

nul ti channel ad8t8 ?BFlnﬁ‘ii :I“é}ﬁ%Jerﬁ%ﬁﬁnﬂéO@f bsasd dndcr ete ext ensi on
surround- sound changel 135.is EhepIBei UgY a g of the
audi o frame gggoﬁgéyéromfra -t o- frangéj%égﬁa%g]oé mﬁ@?ig# %T?sﬁ? 12 -
ext ensi on channe O hRYREHAERFof2 cItAMAY L, didewredion Msequsllls Ns 7a The
medi urddof cl aamcﬁzardhem@atﬂﬂlé e ERY shbABuhl - Sourl1® 1% g‘:ug}of glaim?7,
wherei n the gg }E.Q%és ﬁecorﬁsed with N mnus Mdiscret'e extension

surround- sound channel'sTeach carrying a different one of the N
surroundsound audi o signals.

DETATLED DESCRIPTION OF THE INVENTION

The present invention provides a multichannel audio

30 format for a truly discrete as well as a backward
' compatible mix for surround-sound, front or other discrete
audio channels in cinema, home theater, or muszic
environments. The additional discrete audio signals are




23 27 Cctober 2004 9. The nmediumof claim@8, wherein Mequal two discrete
surround-sound audi o channels and the plurality of discrete audi o channels
conprises three discrete front channels that carry re?pective discrete
front audio signals and a sub channel that carriers 28606 €004 gnal

said three front channels, two surround-sound channel s and sub channel

being recorded on the nediumin a 5.1 audio format and said discrete

ext ensi on surround-sound channel being recorded as extension bits appended
to said 5.1 audio format. 10. The nediym of claim8, wherein the nediumis
recorded with N minus two discrete exbgnsion surround sound channel s each

carrying a d'rﬁfn@éc?nmﬁz:lmgﬂet@lfe g N1 T I e%%u?.l 2l Sindd. g The

medi um of claim9 erein the N surround-soun o Si gnal S corrprl se a

left surroundEsdptarmingd giarmak retFhl af ghae éné} skt EFmadund $Rgnal .

12. The nedi WAt Gl FhiseWNEI@iti dada NaaHeli oS GRaks CORHeIs are
surround-sound audi 0 signhals. 13. _The nmedium of claim1, erein said

di screte audi¥PIthelah, GPREPARRd T LAY REBAGREFRLIREQ| JiORZRY oPfimt . 14.
The nmedfum ofeetidnchks, biber @nn thal bimRdiren.s fThden éﬁﬂsﬂmg)pbasal by

recorded synbol resentin |taI i nforgation, .the _digit i_nf or mati on,
inturn, repr® ‘éi?f‘tcf%'“sej' ge 88‘3 tct,?naa’a’l 35tha é’l°§'blfl§tl?’%e %I%W‘il Bf claim
13, wher ei n smdbdmllwme@raﬂu@@ttmﬂy du.serétaylmg. piafle i chgamresis eohdiin . t he

di sc surface

turn, represe U Selbit=, ol FTRERA D B R A R "
15, wherein s]aeeb nﬁ@h:um e:slst:dugglamﬁh.ovsgrebeﬂs sa:uc( Dv4a)1 1=k . soﬁlaeqfediham of
cur ouRd- souriPRRAEl St AR EROR i T i Asane SpfAE B ro
Cct ober 2004 125195&11& otineli s ogyat enal ity Adiiaies aamix eaogieai fongemldBannel s
LY o PORELPL0s0as 008 kol Ul 6B SRt kol
listening experience. .
It is to be understood that the present approach is
15 applicable to extend aﬁy predetermined multichannel audio
. format, of which S.l iz the current standaxd, to greater
number of channels of discrete audio while maintaining
backward compatibility to the predetermined format. For
example, a true 10.2 format may be adoptéd for certain very
20 specialized audio systems. At some point after the
. adoption of such a 10.2 format it may be desirable to
extend th.at format to even more channels For purpdses of
clar:.ty, the present lnvent:.on w:Lll be descr:.bed with
reference to a 5.1 channel system without Jlack of
- 25 generality.
For purposes of élarity, the present invention will
now be described with réference to the drawings in the
context of a 5.1 channel system. FIG. 5 is a block diagran -
of a N.1 channel surround-sound encoder 100 in accordance
30 with the present invention. A studio 110 provides an N.1
channel mix of which the 1, R,C and Sub channels are passed
directly to a 5.1 encoder 112 su_.ch ags DTS Coherent
Acoustics, Dolby AC-3 or Sdny SDDS. The Ls,Rs,Cs and any



m xed audi o signals, and at |east one discrete extension channel that
carries at |east one of the N audio signals, wherein the nedia is recorded
with N discrete extension channels of which N mnus %fbap%el f$£,Qg]grry
di screte audio signals and the remai ning M channel s nce audi o
signals, wherein the Mdifference audio signals represent a weighted

di fference between an M channel audio m x and the correspondi ng M channel s
in an N channel audio mx. 19. An article of manufacture, conprising: a
portabl e machi ne readabl e storage nedi yy and a digital bitstream
representing a multichannel audio signal including N audio signals that are

n xed onto M dbggd-et £3 @i 910N aRRecanaeband>Muhhl] 3t ateasi-ong0fssni d N
audi o signals being carried on_at |east one disc tgﬁe ext ensi on channel

sai d discrete SRR SEhAAETahd4 dFRBF P51 EIR i G SEh SRnBPT BT RT3\ or ded
onto said portakte nmeshane readazbbanesleraghishdiat® ahen FaMsRdcecfls audio
frames, each said audio fra I,Si.n audi o, dat edeter m ned =
mul ti channel a%df Ei”f)rjr‘?é getleggﬁ?g?l vgl%fe%%?%esdl% %tg gg %1 |'s,
and audi 6 dat aahamﬂechﬂqmd&asd meaj cHasigl audemcdds miher epdé@bieiviratl ve of

sai d discrete ne The ' aim wh { he

size of the au% (‘Tg]rame ma;alfp Ahan%’%om f rg%gls;g to at%@%mm%{{ﬂﬂ%

di screte ext ensnmﬂaﬂmmﬂr s;seZLhETmﬁrﬁecﬁ dmegiccdezi defonlpbdr od renende

di screte audi 04 c a n hai-bal 5 f
f’g%f, l g’ 'E:Eaégh% sahsh fedtidimd e%cgﬁg'rg ﬁé@éace

sai d rredlumls an I'Sc g Its” 1 npresse int I SC S
ed

representing dfgimattenfidithapbendst B P@t@@@@fbﬂrﬁ?ﬁtﬂ@ﬁf LACkurpa, for
represenpi Ng Sghdn W ol GnitiAqClBORAl Shanne1 £ SURDE. 1280400 Pos A

mul t i channel o signal encoded wth Mdiscrete audio channels that carry
N m xed audi o 3Rgnal ETaRRl 3t & dele dieRiceErerms dRrroaRd SBeWRdLR hEldere t hat

carries one of gt hes Q5 @03l $s ol %hgaalueaiaci@e Bud a¥Whgreym, the M
di screte audi o channel s are encoded in a predeterm ned._multichanpel audi o

format and t heCBi sBY®t eCBxEielbiidh &l Samesde#ibhd LapPeRBEIB K ai d

predet er n ned ﬂfubéf&é@na?lnbayél gebeedaht Zhe TdEgHiAONAinHdrwdtdion,23che

wher ei n the sign oded th N mnus Mdiscrete
t5 glal %omatz\{\én,' in turn, represents discrete audio

channels. Optical discs such as CDs or DVDs have pits
impressed in the disc surface that represent digital
information, the digital information, in turn, zrepresents -
said discrete audio channels. Alternately, bitstream 124
20 could be encoded on a carried signal and broadcast to
| consumers. Backward E:ompatibility is maintained because
ex:l.st:t.ng decoders read only the 5. 1 bits and 1gnore the
extension bits. True dJ.screte mult:.channel aundio is
achieved ﬁi‘th a2 new mix decoder that reads both the 5.1 and

25 extension bits.

The inclusion of the additional surround-sound audic
signals in both the two-channel mix and discrete channels
eliminates the need to inf.roduce a phage-shift in order to
decode the three or more audic channels. As puch, mix

30 encoder 114 has more flexibility to mix the surrocund-sound
chammels. For example, a coherent mix introduces no phase-
shifts or delays. This has ‘the advantage that neither a
direct 5.1 decode that produces- a “phantom” surround




extensi on channels each carrying a different one of the N audi o signals.
25. The signal of claim22, wherein said signal conprises a carrier signal
that is encoded with the Mdiscrete audi o channel s arb& {th di ?&r te
extension channel. ' 26. The nedium of claim 25, wherdi "¢ r 8 al is
encoded with N discrete extension channels of which N m nus M channels
carry discrete audio signals and the remaining M channels carry difference
audi o signals. 27. The medium of claim 26, wherein the Mdifference audio
signal s represent a weighted differenkte between an M channel audio nmix and
t he corr,espongia%_‘?1 %/Ichannel sin _an N channel audio m x. 28. A nethod of
recordi ng nuftFehann®t 2ufdiso Wi Td % regrade intreduna ohdee dubktorhonnnel
audi o f o mat Albernapenrluaiioerdiods hers abuesl Bhhag-pasec ofnaudl o, decoder s
[ i erm ned nul 1 channal- audi o

configured tg_r ia recorded with a_ prede \

format or a g%s?%?gg%di de LY S E%‘ﬁridﬁﬂté”ﬂ ¢ tosd Makdiix réewadtad with
the ext endedsnureuwheaomnd aadiloo Ti MAdy: iG0GRAL SERY pHE Y 'ﬁgrrﬁoﬂé'gx'ot
informgtion {Qraaspiirali udi@ signals and N surround sound audio

G onal 3 pPeEaga Pl Gladl OF Suftde oM Srdnave |t A IFGE | the

sur r ound- soudd nglsichanhel Mhim echid itd thesaat el dis H@eOek NGe&idd M i xed
surround- sougd kS I ;0 _pLkurality of .audio signals in

di screte surroun -soﬁf%&i&gg?:%a%%g g %hejt%rpt“&aref"@?ﬁf:’ﬁ%’a' mul ti channel
audi o format ont PIFHEIRSIi & ertlere2? GuixberthR004eRErateosd g sding east

one of the NegeHtd=s5euad augdhg.signals in respective discrete extension -
surround- sound audi o channel s as extension bits appended to the

predet®r mi ned nul ti chamsek hadiro2idsintopni thep medi,a, whi ch toget her
conprise the extended _nultichannpel, audio format. 29. The nethod of claim
28, wherein said di scF&Efe=sBfr uAdiSdufier alidt @ dhamel s and discrete

ext ensi on suwhersndzis ol mhapRe! £ B egd £F 1R aia?xdtmasqi 4,85 .8 sequence
of audio frar@c?it.fur her Coﬁﬁél sing_varying the size o he Fudi 6 Frame
from frane-to-TrareroSEEs dﬁ?@@h@%%ﬁ%ﬁete ext ensi on surround- sound
channel s. 30. Themmeheodpet:allaicalsed o BRE e Notti-Abigndd ldd15SULLOYNd- Sound

audi oygi gnal I orded in respectivye discrete extension surroind-sound
audi o channe-ﬁéﬁ%lrl.’cg%he%$ a@ﬁé? sTatirnfefrtaui e surtheumeliound

audi 0 -si gnallnwenmixs eqhations i wiéranthe eat ChafiHe ! OUEOr SR gkglgaa_lss .
further congﬂéia%ﬁaoggdtilgfﬂéngﬁégg far three fr%ni‘- audi o si-ghals and a
sub audio signal  that aré nixed and-T SWRBHIPHECWRE wo di screte
surround- sound audi o &R&nAeks +n.20F 4, clwa@hnel audio format. 32. The net hod
of claim28, wherein ghg N gpd, M spyiound-sound audi o signals represent
N-ch el and M channel m xes, respectively, further conprising: conputing
wei ght'ed di f f er efite tHighfAme jaeimen 8h3:Rt it ol anicenaee sheround

correspondi nghavin@lscrEie addr9xSkHPRaks ie%gggog%g%ekhgi @ﬁ’ gfﬁ ﬁfcordi ng

the We' ght e%ycgtfe];n_erggge gj:gnarlms_x(_)gnéggep ecec;;l.:/aetions c:f.e ?:)I(Jta present
invention each default to the standard technique for mixing )
a center channel with left and right channels. Although
25 ©  'the mix eguations are identical at this one point, the

system of the present invention is fundamentally different
than either Dolby EX or standard mixing practice. In those
instances the additional signals are only mixed into the
left and right signals thereby sacrificing the ability to

- 30 reproduce discrete multichannel audio. The present
invention details a method for both producing discrete
multichannel audio while maintaining backward

compatibility. Unlike Dolby EX, this approach requires




channel s. 33. A nethod of reproducing nultichannel audio, conprising:
receiving a nedia having a recorded bitstream said bitstreamincluding M
di screte surround-sound audi o channels that carry a g&x O&ﬁP %brround sound
audi o signals where N>Min a predeterm ned nul ti chanrfdl O5iPe6 208 mat and at
| east one di screte surround-sound extension channel, each one carrying one
of the N surround-sound audi o signals as extension bits appended to said
predeterm ned nul ti channel audio format; reading out the bits in the
predet erm ned nul ti channel audio format Mhile ignoring the extension bits;
27 Cctober 2004 %% decoding the bits in the predeterm ned multichannel
audi o format to TP =d (FParsdr EPcentrie themidstreand aipleyierg t he
M di screte surramu&brﬂﬂwmédahylﬂh@h@iwmﬂét1daobﬁ§8ﬁcéf‘ﬁ%f¥f¥iPﬁEe %¥¥§Eﬁi

n east

channel s to repggod %S M discrete surrougd sound audi o signalfs a
one phantom surroun s6Gnd WA o® 3FTURH FHAFTRIE oPuETHNE-3Rund
wher ei n sai d M aider otid 1s weplage- maumdxaadc@dﬁamﬁejc&xﬁ-%ohﬁﬁt a@ids i ght

surround-sound chan discr et urr.oyund sound audio signals
conprise left, ri gh?ﬂaez&qcenfs"%%ﬂs%r ou'ﬁ%a%’gfﬂrsﬁj & ¥ardgFy of sd@icé’%é
ext ensi on surroWWﬁ@whannanctm;ygngamtdngemex ﬁigdda@ag s@ng 1

signal , which ajdhoigh n IS reproduc hant om
center surround signal 1:!19%0 e%'s(gliﬁbhg\&rt%ggcgﬁﬂé%ﬁs \Aﬁegejr ng%‘%ﬁ%&rdip EFete
surround- sound AuBHd @RapdeT sarddadibdr etemodetrensiMincisiy rechen ceEEAGnaNannel

are recorded OngOr5RI-HH - ugnGe a frames.that are read
at a time, the gl ?Z*%#a%'t%ﬂe audlgﬂfl rgg;grgf"gr h&in SUIFRIREd a

out a fr
bei ng va?énead f roEF aREVE Sesakeckyazdc sompabiat bitthe ditse ritcl ugxbansEon

surround- sound ﬁt@ralaah%mnaﬁﬁﬂl&@ééﬂ%%ﬁ&uﬁﬁ%ag&éf' Q{raég‘rln'sﬁé,gg%”“e' £ Ug;(r)n

conpri si ng: g@;rvm nmedi a havi ng_ a recor
i ncluding M d| té’%éﬂkifnékéﬁaﬁ‘ﬁ%?éb%%a%hﬂ:mwuntxed afidtousidisatrstwher e
N>Min a predetrerlisirednmel t baBaBNeheaUdifR gl %_'E%t ﬁi%‘ill 3t hgast jone discrete
ext ensi on chann;ﬂ?% ch _one carr i ng_one of o SI gnalls 5?

extension bits 408 €8rad Feﬂ@t@i‘?ﬂlﬁéd dﬁﬂoﬁﬁs“hannel audi o for'mat:

reading but the bit s nsidwer predeter ninesd suhtbgbasnel §Ugetﬁg%‘%§%@t 146 e

ignoring the e Qn b|t decqoding the bits in-the pre

mul ti channel X&I o%lfE 8 P@pﬁgﬁu%e Mg Rtdits &idee laudlareshangethe
mat ri x decodi n(FyHee Miaudn:eadhagnes'sr. t Gopbavtste Nidbscrel eaﬁgdllgngggﬂgel S
T arar Y ant rd2tedeaaie 1 RU T 0PSRN 1202aRE 113G Heloks AE' 2.

3

bits to reproduce left (Lr), center (Cr), right (Rr),
20 subwoofer (Sub), left surround (Lrts), and right surround
(Rrts) discrete audioc channels. The left,  center, right
and sub discrete channels, whlch carry respective discrete
audlo signals, are dlrected to discrete speakers L,C,R and-
Sub {(not shown) in a loudspeaker arrangement 132 for
25 playback. The left and right surround channels, which
carry a three-channel mix, are directed to disecrete
speakers Ls and Rs. This creates a “phantom” center
surround (Crs) audio signal that appears » acoustically )
between the Ls and Rs speakers without the benefit of an
30 actual speaker. The position of the phantom surround can
be varied by adjusting the mix but is typically a center
surround. Consumers with existing 5.1 decoders can choose

not to upgrade and still receive a compatible mix.




applying the N discrete audi o channels to respective discrete speakers
channels to reproduce matri x decoded multi channel audi o. 27 COctober 2004
28 37. The nethod of claim 36, wherein said M discret g}ugl 0 anel s are

| eft and right surround-sotnd channels and said N di stTr CIORR AU gnal s
conprise left, right and center surround-sound signals, said discrete

ext ensi on channel carrying said center surround-sound signal, which because
it is ignored during read out, is reproduced as matri x decoded audi 0. 38.
The net hod of claim 36, wherein said discrete audi o channels and di screte
ext ensi on channel are recorded onto sai ¥ nedia as a sequence of audio
frames that are read out a fra at _a_tinp, the size_of the audio frane
recorded on said nmedi FPHETY i 8dlf ARTRISL MBSO FAMER (D e dnTREE® t he
di Zpr ete extengephodheedetite SEne gimlﬂleihfﬁhmie Ir epamdgeiécpg;cmuhcté Qﬂ"tﬂ:"ll’tﬁi_ed
audi o, conprising: .receiving.a nedi aving a_recorde tstream__sai

bi t stream i ncl ﬁ&?ﬂglﬁdﬁc?&g&f@lgﬁr%&ﬁﬁ}}é’sgn&na G ERan efu%étﬁalasc Yy a
m x of N surroundidouith audby FXgratsdehaeiid>Ehta fopredtdidc thenks and
mul ti charnel audi o_f d asi., 0 di e rrg%p_g:- u

ext ensi og chan#’gl ,SJ‘ clﬁbngﬂca]raély#ﬁgs%cnegg? trﬁogcr l\#’garégoun soue?d) a di4c;5

si gnal s as ext degreashi t sHappanledEan Kgi:N pystkns wheral Na3l oF chahreaid audi o

format; readingputythe bits,dn ds red rrgagg% 4 shanne},. aud
format; decodi %lélgt h%é bieatngfii ﬁ'{ét heélﬁeag'est erg%ngne nmu {T}ggﬁanne . au%li gg’#c%rorrat to
reproduce sai dexparienes dsmotothe- SaURd Jthe enehding| sechnigyraAgebuthshe

extensi on bitspy dgepdi BgvEhe 16Kt A0 t Sxif iR oMidlephbst east NS on
di screte surround-sound extension channel; m x decoding the Mdiscrete

sur r ound¥s ound P&GRE BME hagPRr L trd ﬁ'gitt%@cé-;?ﬁr‘eﬁ%'ron surround- sound channel to
provide Mdiscrete g4rgRERE- sRUASeaUS] Orkdanials d1RAbaRAC ogdl fyraieOf the
discrete surround-sound, audio signals; and a pIC)éi n% t he Mlagi screte .
surround-soundd&EaFBEGhéﬁng}%‘lﬁﬁd"tﬁ%nalPeI%%%n e P¥x 8§ AGA E1R% R’fn® sound
ghannel to resl&@gkﬂedﬂéﬁédﬁtl@nasmrﬁrEe%'i&ﬂhlﬂlaﬁnéﬁ ﬁpealeawf @.tgigla&\iix
i screte surroynd-sound_audi o signals._ 40. The nethod_ of ,claim erein
S1 M di ser ot SRGERRE A ds FRRT LI Er AR it L |94 GAGE) gpprouds |
sur roundisound seliadnedteraed ssaick N dhdcrete Sutoowhi-souddsarstico sidiral s
conprise left, right.,ang center surround-sound signals, i d_discrete
cxtonson - SHeERedBof=800bEE 2 PHE R S diRched Bl B hBs
center surrounct_v;@aharlssi@naﬂ!s apd Rz iforrebaylmgk. Although the chamnels

are discrete the =ignals they carry are not. The

2

dematrixed audic signals exhibit the same creosstalk and
20 - phase distortion drawbacks as discussed above in connection
with the Dolby Prol.ogic system.
As discussed above in reference to figure 4, the Dolby
EX systerri is 'd'esigned for use with a 5.1 decoder and matrix
decoder having this same configuration. Again the 3:2:3
25 systems may be equivalent but the N:2:N will-differ due to
the phase-shift components in Dolby EX enceding. In
practice even when N=3 there is a 45 degree phase shift
applied to the Ls and Rs signals.
As illustrated in figures 7 and 8, the mix encoding
30 technigues of the present invention maintain backward
compatibility with 5.1 decoders and matrix decoders. The
audio performance 1is equivalent to Dolby EX for 3:2:3 -

gsystems and improved when additiomal surround-sound




and reproduced as a discrete center surround-sound signal. 41. The net hod
of claim39, wherein said discrete surround-sound audi o channel s and

di screte extension surround-sound channel are recordeéj(, anfoﬁlgsabﬂ nmedia as a
sequence of audio franes that are read out a frame at“'a ¢ ! 3 si ze of
the audio franme recorded on said nedia being varied fromframe-to-frame to
accommodat e the di screte extension surround-sound channels. 42. The net hod
of claim 39, wherein N mnus Mdiscrete extension surroundsound channel s
are decoded. 43. An apparatus for reprodtg:i ng surround-sound audio froma
medi a having a recorded bitstream said bitstreamincluding Mdiscrete
surround- sound audhf=thasrelsnidddacarry a m x of N surreund-sound audi o

i gnal s i determ ned muitichapnel audiq farmat_and at_| east
di screte extensi on SERPOMHATLBGA] HANEES GhoHihcPESFTY nPere T

surround- sound #Fedhat singakechniexisansiver bdo@apBEnded t bladtdrated in
predeterm ned myl.tichanpel . audio format...compri sing. [.¢pane i o
decoder that reddS46at hélbi t§ it%let %l&rlgéfg{%é’r EE%%gdﬁlﬁ?ﬂté‘Hgﬁngﬁ%ﬂﬁ?%
format and i gnotes tdmmnmeliermidin hi dSgcusvodebnrdies btasried repr ddaceettai d M
di screte surroung- I Q. S m x daco r ggei t he
M discrete surro%%ﬁ%'{agggngy%u |lo' C anneﬁgeﬁﬁ%éadsg‘%ut&? %éﬁe}%tder]s on %ts,
decodes the ext dmsishripi smoyer dfxratupitzixk | ergadasiidegiosedemeléicbasnoh
surround-sound changeleo U3fatdfe SUI OUNEROUML LENSLAD ebABARer (0111 -
separate the N surrouno?—_soun audi o signals carried on the Mdiscrete
surround- sound c@redpel disgrprevNde rharsel erwdid rewm Gt g6Gar8dsV ghal s
corned onyg he MAi-sg68t gugisr ound-sound audi o channels, and applies the M
di screte surround-sound audi o, chapnels and at | east _one_di screfe extension
surround- sound chann@F £BoVBsHRcEIFTEreli Scfefe s FESRERT cHihh Ftads: Sheeprbduce

the N discrete siyigundsorish asihiftad=aNabs. add. igtifreaPRakabticartfictl BEEE43,
wherein said Mdiscrete surround-sound audi o_channels are |eft d right
surround- seund cidfnef€%Phat LEFPYSFi S &R fpbafyenals passes
surround-sound sirgialths SEdgbdHiSed eife HEreNSirOn Slsudsekikeauntdrehaaneht - 30
27 Cctober_2004 carrying said center surround-sound Si | . which the_mix
decoder rﬁ:\%ds ott*%and Pgﬁf’gﬁﬁcéé%aséﬁc%‘{esgcr@?% g'gﬁt &n‘f{ﬁ%uﬁas’é%%dmm
signal . 45. The mppesatilemftel ai mitd dechderi n2shewhtdhaibhosesedbreabsd has
three discrete front channel h carry cl]we. discr, [ audi, o
signals.and a su uod;lﬁa%ﬁgls ?‘ﬁ%t 1£"F(‘;%‘r Fi g!riig, gkg%%%%#\gl%'gnﬁ?gséﬁcﬁgﬁr ggh
front channel s, dampdes eéabheqgliathese sddivinrddosngrotanneignakil angdousaannel

bei ng recorded ec):n%th [ . i Q.f t j 511'1.[6{1 udi o
decoder conpri siq%betng . %?r?lr?%l %é%cc]%grg%g? @ﬁgga;s)%g?g%&sugof C %:1%5%@
wherein s3fd di serset €rsurnduhyss§uRl Bkl IRt &tS . aWhiah seFeRaa8edeRSi on

surround- sound chgileabBeiREPs dcs, QY Qndakd. Mgk AsmsrA isegugRse 10f, audi o
frames in a bitstream the size of the audio frames recqrded on sai d_nmedi a

bei ng varied from¥r8fEoter s i4fe tRCHERITARGTL BIE hdUBCEdPBEe Wt ERRj 6nT
surround- sound cHediRITS andaimdxdlebbgbanne! oelBasz coder and said m x decoder

di t id f t ti in. dance_w t h_t f
20, 47" madi um r SRy T N GAAEEr Al U oOBHARREL 45k nAPoCarry R

m xed audi26 si gnehsnrarid decddeas ti e idits deetdesx tbasaddithamik| sudratund -

carries at |east_one of .t [o! i.gnal s of; . iof S
|24 that forma ' Hi Mﬁ%{\?ggn#gﬁe% W%@s%@iﬁl‘é\fé‘f&%& éﬁ%ﬁgg{:?rlgn%%enay
vary from frane-the f cenbert o saccommddabend hepdikeretds-ext ¥asi decodanndld.
48. The nmedi um of _ cl.ai el n sajl d.,audi i u a nc
word, audi o dat a{'?l kgdé;r g%%t \gri%s‘r%éd ﬁu ti'ch%g%él q‘lggglf%gpgrenan% ‘ggﬁ' =
represent ative ofulstxiartedi Jé68Re 286D ithdinem Sheahera ancd Riasasigpeirddd® to

sai d nul tisghannel.aldi @3f0 e V@ 4 Sah d i 561 glrer Rt i3
channel . z?g The-i.?redi u%}éf Eglgg?%n gégéﬁ\ge?ga}ré%%%étdﬁé et%qe%tkeﬁg%oﬁa?hannel

is a discrete exferEnsK-serduRBaERRhdCE HERVeRT PRLY / Mg dimqppte 1rs and
Rrs signals, which are directed to left and right surround-

-

sound speakers Ls and Rs. More specifically the decode
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>zX6~_@!!'Y) 10%AA& () ~4'sY) l%p%()to %O%Ef:]:Q rhe QY .'Lé) quality
obtained by mixing the three or wmore surrcund-sound
channels into a 5.1 format and appending the additiomal
20 surround-sound signals as extension bits, and separating
the audioc signals as just described would be substantially
the same as the audlo quality associated with a true N.1
format, which would not be backward compatible with 5.1
systems. This slight advantage is easily outweighed by
25 the necessity to provide backward compatibility.

Although the described audic mixing/separating
techniques and modified bitstream format are generally
applicable to all 5.1 formats including Dolby-AC3 and Sony
SDDS they are particularly well suited for use with the DTS

30 Ccherent Acoustiecs, which has the ability to vary frame
gize as 1is described in detail in U.S. Patent No.

5,978,762, The wvariable frame sgize can be used to
accommodate additional surround-sound channels, i.e. the
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)- 10Z2Z extension bits without sacrificing fidelity of the ’

5 - reconstructed audio signals.

- The DTS Coherent Acoustics . encoder/decoder can vary
itas frame gize by one bit at a time. DTS Ccherent
Acoustics has the flexibility to reduce frame size to
increase the bit rate to accommodate N.1 systems and

10 particularly the extra extension bits. The reduction of-
frame size increases the percentage of bits allocated to
overhead and reduces the flexibility for bit allocation but
allows true discrete N.l1 channel audio to be reproduced

with sufficient sound quality.

5 An alternate embodiment for encoding N.1 c'._;ha:nnel audio
(N=3 asg depicted) is shown in figure 12. This approach
provides enhanced mixing capability but requires both a 5.1
and 6.1 mix from the studio and additional extension bits,

Studio 150 provides both a 5.1 mix 152 and a 6.1 mix 154 of

20 which only the Ls, Cs and Rs cha.nnels are used. The Lts

"and Rts channels of the 5.1 mix have been mixed by the
studn.o to 1nc:1ude the Cs channel The 5.1 m:i.x :Ls ‘passed to

-.a 5.1 encoder 156 that encodes the multichannel signal into
a standard 5.1 audio format. )

25 The Lts and Rts audio channels are. weighted by
coefficients C1 and C2 and subtracted from the Ls and Rs
audio channels from the 6.1 mix 154, respectively, to
produce difference signals dls and dRs. An encoder 158
encodes Cs, dLs and dRs and passes them to a frame

30 formatter 160 that appends them as extension bits to the
5.1 audio format in the bitstream. Each additional channel
added after 6.1 adds one-new: channel to the extension bits.
This approach is not constrained by simple linear equations
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To this point the invention has been described as a
technique for mixing three oi more surround-scund channels
5 into the left and right surround-scund channels. Although
this isg the current application for such techniques, the
same techniques can be used to provide a truly discrete as
well as a backward compatible mix for additiomal front
channels, side channels, subwoofer or any other discrete
10 . channels. '
As shown in figure 13, an N:M Mixer 170 mixes N
discrete input signals. into M channels that carry the N-
channel mix. An encoder 172 encodes the M-—cﬁannel audio
signal into a predetermined format. Channel coders 174a,
15 174b,.. encode each of the L=N-M additiqnal &iscret,e audio
signals. A frame formatter 176 appends the encoded -
additional gignals as extension bits to the predetermined
format in a bitstream, which is then recorded on a media
178. This describes a general approach for extending a
20 predetermined multichannel audio format to a greater number
of discrete channels while maintaining backward
compatibility with decoders designed for the predetermined
format. | ‘ | |
" While several illustrative embodiments of the
invention have been shown ‘and  described, numerous
variations and ali:erna.te embodiments will occur to those
skilled in the art. Such wvariations and alternate
embodiments are contemplated, and can be made without
departing from the spirit and scope of the invention as
defined in the appended claims.
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discrete surround-sound audio channels in épredetermined muttichannel audio format
122, said M discrete surround-sound audio channels carrying a mix of N>M surround-
sound audio signals, and at least one discrete extension surround-sound channel 120

that carries at least one of the N surround-sound audio signals,

2. The medium of claim 1, wherein the discrete extension surround-sound channel is
recorded on the medium as extension bits appended to said predetermined

multichannel audio format.

3. The medium of claim 2, wherein the medium is compatible for playback on an
existing base of audio decoders configured to read media recorded with the
predetermined multichannel audio format and on audio coders configured to read
media recorded with the predetermined multichannel audio format and the discrete

extension surround-sound channel.

4. The medium of claim 2, wherein the M discrete. surround-sound audio channels
and at least one discrete extension surround-sound channel are recorded on the
medium as a sequence of audio frames tﬁat form a digital bitstream, each said audio
frame including a sync word, audio data in a predetermined multichannel audio
format representative of said discrete surround-sound audio channels, and audio data
appended to said multichannel audio format representative of said discrete extension

surround-sound channel.

5. The medium of claim 4, .wherein the size of the audio frame may vary from

frame-to-frame to accommodate the discrete extension channels.

6. The medium of claim 1, wherein M equals N.

7. The medium of claim 1, wherein N is greater than M.

8. The medium of claim 7, wherein the medium is recorded with N minus M discrete

extension surround-sound channels each carrying a different one of the N surround-

sound audio signals.
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channels that carry respective discrete front audio signals and a sub channel that
carriers a subwoofer signal, said three front channels, two surround-sound channels
and sub channel being recorded on the medium in a 5.1 audio format and said discrete
extension surround-sound channel being recorded as extension bits appended to said

5.1 audio format.

10. The medium of claim 8, wherein the medium is recorded with N minus two
discrete extension surround-sound channels each carrying a different one of the N

surround-sound audio signals.

1. The medium of claim 9, wherein the N surround-sound audio signals comprise

a left surround signal, a right'surround signal and center surround signal.

12. The medium of claim 1, wherein the N audio signals comprise surround-sound

audio signals.

13. The medium of claim 1, wherein said discrete audio channels are carried on

said medium in a digital format.

14.  The medium of claim 13, wherein said medium is film having optically
recorded symbols representing digital information, the digital information, in turn,

representing said discrete audio channels.

15, The medium of claim 13, wherein said medium is an optical disc having pits
impressed in the disc surface representing digital information, the digital information,
in turn, representing said discrete audio channels.

16, The medium of claim 15, wherein said medium is a digital video disc (DVD).

17. The medium of claim 1, wherein the media is recorded with N discrete

extension surround-sound channels of which N minus M channels carry discrete
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18. A medium 126,178 recorded with M discrete audio channels that carry N

mixed audio signals, and at least one discrete extension channel that carries at least

one of the N audio signals, wherein the media is recorded with N discrete extension

channels of which N minus M channels carry discrete audio signals and the remaining

M channels carry difference audio signals, wherein the M difference audio signals

represent a weighted difference between an M channel audio mix and the

corresponding M channels in an N channel audio mix.

19. An article of manufacture, comprising: .
a portable mact’ﬁne readable storage medium; and
a digital bitstream representing a multichannel audio signal including N audio
- signals that are mixed onto M discrete audio channels where N>M with at least one of
said N audio signals being carried on at least one discrete extension channel, said
discrete audio channels and discrete extension channel being recorded onto said
portable machine readable storage medium as a sequence of audio frames, each said
audio frame comprising:
audio data in a predetermined multichannel audio format representative
of said discrete audio channels, and
audio data appended to said multichannel audio format representative

of said discrete extension channel.

20.  The medium of claim 19, wherein the size of the audio frame may vary from

frame-to-frame to accommodate the discrete extension channels.

21.  The medium of claim 19, wherein said discrete audio channels are carried on
said medium in a digital format, said medium is an optical disc having pits impressed
in the disc surface representing digital information, the digital information, in turn,

representing said discrete audio channels.
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22. A multichannel audio signal encoded with M discrete audio channels that
carry N mixed audio signals and a discrete extension surround-sound channel that

carries one of the audio signals.

23. The signal of claim 22, wherein the M discrete audio channels are encoded in
a predetermined multichannel audio format and the discrete extension channel is

encoded and appended to said predetermined multichannel audio format.

24.  The signal of claim 23, wherein the signal is encoded with N minus M discrete

extension channels each carrying a different one of the N audio signals.

25.  The signal of claim 22, wherein said signal comprises & carrier signal that is

encoded with the M discrete audio channels and the discrete extension channel. =

26. The mé_dium of claim 25, wherein the signal is encoded with N discrete
extension channels of which N minus M channels carry discrete audio signals and the

remaining M channels carry difference audio signals. -

27.  The medium of claim 26, wherein the M difference audio signals represent a
weighted difference between an M channel audio mix and the cormresponding M

channels in an N channel audio mix.

28. A method of recording multichannel audio on a media with an extended
multichannnel audio format for reproduction by either an existing base of audio
decoders configured to read media recorded with a predetermined multichannel audio
format or a base of audio decoders configured to read media recorded with the
extended multichannnel audio format, comprising:

mixing sound information for a plurality of audio signals and N surround-
sound audio signals; |

mixing the N surround-sound audio signals into M mixed surround-sound
audio signals where M is less than N;

recording said M mixed surround-sound audio signals and said plurality of
audio signals in discrete surround-sound audio channels with the predetermined

multichannel audio format onto the media; and

''H

-
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10°0 discrete extension surround-sound audio channels as extension bits appended to the
predetermined multichannel audio format on the media, which together comprise the

extended multichannnel audio format.

29. The method of claim 28, wherein said discrete surround-sound audio channels
and discrete extension surround-sound channel are recorded onto said media as a
sequence of audic frames, further comprising varying the size of the audio frame from

frame-to-frame to accommodate the discrete extension surround-sound channels.

30. The method of claim 28, where N minus M of the surround-sound audio
signals are recorded in respective discrete extension surround-sound audio channels.

31.  The methed of claim 28, wherein said surround-sound audio signé.ls comprise
left, right and center surround-sound signals, further comprising sound information
for three front audio signals and a sub audio signal that are mixed and recorded with

the M=two discrete surround-sound audio channels in a 5.1 channel audio format.

32. The method of claim 28, wherein the N and M surround-sound audio signals
repres'ent N-channel and M-channel mixes, respectively, further comprising:
' computing weighted difference signals between the M-charine! mix and the
corresponding M discrete audio signals in the N-channel mix, and
recording the weighted difference signals on respective discrete extension

channels.

33. A method of reproducing multichannel audio, comprising:
receiving a media having a recorded bitstream, said bitstream including M discrete
surround-sound audio channels that carry a mix of N surround-sound audio signals ,
where N>M in a predetermined multichannel audio format and at least one discrete
surround-sound extension channel, each one carrying one of the N surround-sound
audio signals as extension bits appended to said predetermined multichannel audio
format;

reading out the bits in the predetermined multichannel audio format while

ignoring the extension bits;
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- 34 The method of claim 33, wherein said M discrete surround-sound audio
channels are left and right surround-sound channels and said N discrete surround-

" sound audio signals comprise left, right and center surround-sound signals, said
discrete extension surround-sound channel carrying said center surround-sound
signal, which although ignored during read out, is reproduced as a phantom center
surround signal.
35.  The method of claim 33, wherein said discrete surround-sound audio channels
and di'.screte extension surround-sound channel are recorded onto said media as a
sequence of audio. frames that are read out a frame at a time,' the size of the audio
frame recorded on said media being varied from frame-to-frame to accommodate the

discrete extension surround-sound channels.

36. A method of reproducing multichannel audio, comprising:

receiving a media having a recorded bitstream, said bitstréam including M
discrete audio channels that carry N mixed audio signals where N>M in a
predetermined multichannel audio format and at least one discrete extension channel,
each one carrying one of the N audio signals as extension bits appended to said
predetermined multichannel audio format; -

reading out the bits in the predetermined multichannel audio format while
ignoring the extension bits;
decoding the bits in the predetermined multichannel audio format to reproduce said M
discrete audio channels;

matrix decoding the M audio channels to provide N discrete audio channels
that carry matrix decoded audio representations of the N mixed audio signals; and

applying the N discrete audio channels to respective discrete speakers

channels to reproduce matrix decoded multichannel audio.
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center surround-sound signal, which because it is ignored during read out, is

reproduced as matrix decoded audio.

33. The method of claim 36, wherein said discrete audio channels and discrete
extension channel are recorded onto said media as a sequence of audio frames that are -
read out a frame at a time, the size of the audio frame recorded on said media being

varied from frame-to-frame to accommodate the discrete extension channels.

39. A method of reproducing multichannel audio, comprising:
recei\'fihg a media having a recorded bitstream, said bitstream including M
~ discrete surround-sound audio channels that carry a mix of N surround-sound audio
signals where N>M in a predetermined multichannel audio forrﬁat and at least one
discfete surround-sound extension chdnnel, each one carrying one of the N surround-
sound audio signals as extension bits appended to said predetermined multichannel
audio format;
reading out the bits in the predetermined multichanne! audio format;
| decoding the bits in the predetermined muitichannel audio format to reproduce
said M discrete surround-sound audio channels;

reading out the extension bits;

decoding the extension bits to provide at least one discrete surround-sound
extension channel; -

mix decoding the M discrete surround-sound audio channels using the
extension surround-sound channel to provide M discrete surround-sound audio
channels that each carry one of the discrete surround-sound audio signals; and

applying the M discrete surround-sound audio channels and the at ieast one
extension surround-sound channe! to respective discrete speakers chahnels to

reproduce the N discrete surround-sound audio signals.

40. The method of claim 39, wherein said M discrete surround-sound audio channels
are left and right surround-sound channels and said N discrete surround-sound audio

signals comprise left, right and center surround-sound signals, said discrete extension
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41. The method of claim 39, wherein said discrete surround-sound audio channels and
discrete extension surround-sound channel are recorded onto said media as a sequence
of audio frames that are read out a frame at a time, the size of the audio frame
recorded on said media being varied from frame-to-frame to accommodate the

discrete extension surround-sound channels.

42. The method of claim 39, wherein N minus M discrete extension surround-

sound channels are decoded.

43.  An apparatus 'fo;r reproducing surround-sound audio from a media having a
recorded bitstream, said bitstream including M discrete surround-sound audio
channels that carry a mix of N swrround-sound audio signals in a predetermined
multichannel audio format and at least one discrete extension surround-sound channel,
each one carrying one of the surround-sound audio .signals as extension bits appended
to said predetermined multichannel audio format, comprising:

a2 multichannel audio decoder that reads out the bits in the predetermined
multichannel audio format and ignores the extension bits, decodes the bits to
reproduce saici M discrete surround-sound audio chénnels, and

a mix decoder that receives the M discrete surround-sound audio channels and
reads out the extension bits, decodes the extension bits to reproduce at least one
discrete extension surround-sound channel, uses the surround-sound extension
channel to separate the N surround-sound audio signals carried on the M discrete
surround-sound channels to provide M discrete surround-sound audio signals carried
on the M discrete surround-sound audio channels, and applies the M discrete
surround-sound audio channels and at least one discrete extension surround-sound
channel to respective discrete speaker channels to reproduce the N discrete surround-

sound audio signals.

44, The apparatus of claim 43, wherein said M discrete surround-sound audio

channels are left and right surround-sound channels that carry mixed left, right and

center surround-sound signals, said discrete extension surround-sound channel
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45. The apparatus of claim 44, wherein the media bitstream also has three discrete
front channels that carry respective discrete front audio signals and a sub channel that
carriers a subwoofer signal, said three front channels, and said M equal_two surround-
sound channels and sub channel being recorded on the medium in a 5.1 audio format,
said multichannel audio decoder comprising a 5.1 channel decoder

46. The apparatus of claim 43, wherein said discrete su.rround-;ound audio
channels and discrete extension surround-sound channel are recorded onto said
media as a sequence of audio frames in a bitstream, the size of the audio frames
recorded on said media being varied from frame-to-frame to accommodate the
discrete extension surround-sound channels, said multichannel audio coder and
said mix decoder reading out said sequence a frame at a time in accordance with

the frame size. : ' «

47. A medium recorded with M discrete audio channels that carry N mixed
audio signals and at least one discrete extension channel that carries at least one of
the N audio signals as a sequence of audio frames 124 that form a digital
bitstream, wherein the size of the audio frame may vary from frame-to-frame to
accommaodate the discrete extension channels.

48. The medium of claim 47, wherein each said audio frame includes a sync Word,
audio data in a predetermined multichannel audio format representative of said
discrete audio channels, and audio data appended to said multichannel audio

format representative of said discrete extension channel.

49. The medium of claim 47, wherein the discrete extension channel is a discrete

extension surround-sound channel.




