-1 “DESCRI PTI ON Met hod for Expanding an Audio Mx to Fill Al Available

Qut put Channels 5 TECHNI CAL FI ELD The present invention pertains generally
to processing audio signals and pertains nore specifically to nethods and
apparatuses that m x nulti-channel audio signals from multiple sources. 10
BACKGROUND ART The grow ng popul arity of applications such as digital

tel evi sion, DVD-video and DVD audio L$-causing multi-channel audi o- sources
to beconme nore conmon in consuner audi o playback systenms. This growh in
popul arity is reflected in-the grppkegpyida of consuner playback systens
that are capabl e of reproducing rﬁTee—ﬁ?“ﬁﬁTe channel s of 15 audi o
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frequency o fect s (FAPAIRE AR 'gw RPN heacro

applications are becom ng incr ea n. This particul ar arrangenent
is sonetimes referred to as 5:1 channels In spite of this trend, one- and

t wo- channel audi o sources such CW 183y (CD) - players, MP3 players,
conventional anal og and di gi tallﬁéa I 0 rech vers and 20 conventi onal

television r eﬂ@emesmtammnabnbbﬁmm&t@lmqﬂomsﬂngaembls@ials dnd pegaigsdel y
used for many rmre ear'ig onsurrers becqrre fa liar with the aur al

" real | smBARY PREECRY d npRgtuses gt 1 apdia siggals fepa
channel s,, ?ﬁy REQsh to expect and demand SI m I ar performance from system
corrponents at prow de only one and two channels of audio 25, infornmation.
Thel® eproducti on of a two- chanBACKGROUPIDAREN t-hr ough only two channel s

B 2yt A e L L channEle, be oo M unscoatle L 0F
t wo- chanyeh-Sidena (ﬁublﬂk%tﬁnltﬁﬁﬂ%l audio sources to become more common in consumer
audio playback sygtcxhs.— This growth in popularity is reflected in-the growing number of
consumer playback systemsrt‘hat are capable of repre_d-ucingitﬁree or more channels of
15 aundio information. Consumer systems with five full-bandwidth channele and a low-
| frequency effects (LFE) channel such as those used in home-theatre applications are
becoming increasingly common. This particular arrangement is sometimes referred to as
5:1: channels. In spite of this trend, one- and two-chan_lllell'aud_io sources such as compact
disc (CD) players, MP3 players, conventional analog and_digifal'redio receivers and
20  conventional television receivers are still commonly used and are likely {o be Widely used
for many more yéags. _ _

As consumers become familiar with the aural realism and impact that is possible
from systems with three or more channels, they begin to expect and demand similar
performance from system components that provide only one and two channels of audio

25  -information. The reproduetion of a two-channel audio program through only two channels
ofa system with more than two chanunels is becoming unaccei)table to ebroader range of
consumers. |

Techmques are known that can expand one- and two-channel mgnals into a larger

~ mumber of channels. Products that incorporate Dolby Pro Lo glc 1I and Dolby Pro Logic
30  IIix technologies of Dolby Laboratories, Inc., San Francisco, California, use “apmixing”’
. ‘to expand a two-channel 31gnal into three or more channels of audio information. These
~ products allow a consumer to play back two-channel audio matenal through a system

having three or more channels with an aural experience that is similar to that provided by



nunber of channels. Products that incorporate Dolby Pro Logic(r) Il and
Dol by Pro Logic 30 IIx technol ogi es of Dol by Laboratories, Inc., San
Franci sco, California, use "upm xing" to expand a two-channel signal into
‘three or nore channels of audio information. These products allow a
consuner to play back two-channel audio material through a system having
three or nore channels with an aural -xperience that is simlar to that
provi ded by -2- the playback of audio material that originated froma
source l@/plaghdck of audib mzkRal (R ted FHB aR0ARRhaORR thide@Ptncpé t hese known
techni ques relies on two conditions. The first condition for proper

oper at i ¢hantels. Theprapesoperatiens offthesh knowh sedhpiquesieclicg guitwo soudiiensrust  be

known. Devic t_incor Dol by. Pro Logic t echnol o for 5
exanmpl e, are gtsq}%ncé)ff&[ 8“%%%3‘15’%81 ﬁ%%leornﬂf%ﬁ%e" e &éﬂﬁfﬁﬁ’é?f tﬁ%put.
Devi ces atifliatsoinids eiuxpbakBowr) DyvitisahitaGédiporate DEGHPEd DOYicABcRRFbAY, For
properly with two and 5.1 input channels but the nunber of input channels |,
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inmplicitly that -two annel's of audio information are, provide audi o
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ober at | BYP PAeiEHA 0L 4hqioSRENRIBISH iy PrAISEOY Bunsetroctuon at Pettia BBY  no
channel gQfs1hvB W&Wﬁﬁﬁ@%f@c?{ kgd&gfiegsl. IGEfT)ér sBﬁfEE?gro%ﬂf s?%%gagg’ ken, 1 T an
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audi o source délivers 5.1 channe ornation to a éiver with

a Dol byaftelpvisimyiigndlTwittienookdad aedib infdrnmation benfohaingekith teckepiantal the | eft
d right, ch | ¢ t.ed, h I, .Will incorrectly configure

the decbHErSHRgwatu Cofife (AR uiop PBrei Gt ionethat sgiay Smelpabier of 1is

OUEPUt_&&ﬁi@ﬂﬁﬂ@cciﬂdh@ﬂ%h%?@r?gﬁgmgon may not arise often in ~broadcast

situations, it is typical . Itrons that exist in conputer systens with .

~ audio The second condition for proper operation is that all channels in the source must

be active; i.e., no channel of the andio source can be silent at all times. For example, if an
.audio source delivers 5.1 channels of audio information toa receiver with a Dolby' Pro
Logic IIx decoder and all of the chahh_els except for the left and right channels are muted,

20 the receiver wili incorrectly configure the decoder processor and fail to &eliver active
signals to all of its ou_ipiit"channels. Although this situation may not arise dften in |
broadcast situations, it is typical of conditions that exist in computer systems with audio
and multi-media capabilities. | '

The use of computers as sources of audio information in consumer entertainment

25  systems is becoming more common. Special purpose hardware and softWare allow an

| otherwise conventional personal computer to operate as a CD player or DVD player for
audio and \{ideo, a vidéo-game console, a digital television receiver and a music
synthesizer to name only a few examples. Many of these sources provide five or more
channels of aud_io information while others provide only two channels. ‘

30 " Within the computer itself, software applications typically deliver their audio

output to a common mixer that is capable of c’ombiﬁing audio information from several
sources and prés_cn_ﬁrll_g-'thc’cjdiﬁb'ined result to an output device such as a so called “sound

card” or other output devicé,'()'utput signals from this device can be provided to an



and nmulti-nedia capabilities. The use of conputers as sources of audio

I nformation in consuner entertainnent 25 systens is becom ng nore conmon.

Speci al purpose hardware and software allow an otherw se conventi onal

personal conputer to operate as a CD player or DVD player for audio and

vi deo, a video-gane console, a digital television receiver and a nusic

synt hesi zer to nanme only a few exanpl esz.Many of these sources provide five

or nore channels of audio information while others provide only two

channel s. / & PRHR ' [ ey | Cakl tvpically

del i ver taréﬁsra@;%d(}tlng &atgg%l%%t to%ghg%%}g%csn@ ﬁé%%@y ﬁiggihgg%gﬁge%%gf& (E:Hc‘))%%i ni ng

audi o i nflondspealans, for timysau degirovidaltoodberdndiware sesdfiwae tbeceofbi ned resul t

to an out pyt devi ce such as a so called "sound card" or other output

devi ce. PRIICL RIRSHSE™Er om thi s device can be provided to an acoustic

out put 11 ansdugRinyirfies sIAMUIATBANOIn LMl ld Gl 1AL wibhvgs one or
ea t er- har dwar

more _ | oudspeakers, or they can be provi o ot e or software

devi ces faperatingtsysone ava EewiMiprosoft Corporatiomstedmede Washinighoat, tHeound i n

conput er Nk Ng.. ON 1Lhe, Wi ndo erating systens, avail abl e from
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provi ded poypase deivmoihenis iwstallddao e@sioat 4 PaisHaE RMha taldordtih Yutl devi, pose
driver that is . installed to support a_ particular- -sound card or other out put

devi ce. dughes e ogpuithapngls sunpered by iip poxing funsfiontypicathxdepgndyerct i on

typi cal | y,J806 QHEH% : hat . ar upport ed.by. the

out put d}eﬂ\ln ce. H%f?ﬁ%m%egbﬁ E)}ut gﬁ\ﬁp%fgeﬁlsﬁ ﬁggg%@ﬁéﬁ%&]%ebﬁtta%gﬁﬁgé%&@st he

m xilfg f timeitddan two ehinteds, theoniidgfinciheppeldes thé otipat CHanbels. IFHRVbESut
supports ;5.1 channels, the m xing function pravides 5.1 output channels. In
typi cal 9dPYiEe YRRt Sk chanpels thepEringiungionmrodesmh & loytpah ehanhelsnindypigal

pr.ocess L %3 ' ' This.situation presents
limtati g%sgatlgﬁg{ﬁ,)éﬂé@nﬁ%?ﬁ%;b‘f tg\%lgjr?lct:gﬂn%%%fg grt]lgedv\}ﬁ&?ﬁ e%ﬁfr?f%ueoz.ﬂml% exanpl e,
suppose fumtiopehmiot by atmstetiaThia shedtios pradedtstinsitationg gt tsurkt be 84éPothe

.channel s, and tmg udi o sources. In principle, either one or both of these
sources B®{LpEN ®¥ent ed by hardware and software within the conputer

systygm or by ggy Efﬁpi&,%bp@sreea computer system: has a sound card that supports 5.1 output

channels and two audio sources. In principle, either one or both of these sources may be

implemented in hardware and software within the computer system or by devices that are
external to the computer. In this example, the first source is a CD-player that provides |
two channels of audio information that are configured as left and ﬁght channels and the

20 second source is a video game that provides 5.1 channels of audio information configured
as left, right, center, left-surround, right-surround and low-frequency effects (L, R, C, LS,

| RS, LFE) channels. A .typical mixing function in the compﬁter mixes the respective input

cha;mels together, The left-channel signals from all sources are mixed and provided ata
left-channel output of the mixer. The right-channel signals from all sources are mixed and

25  provided ata righf—channel ouiput of the mixer. Sinﬁlarly the C, LS, RS and LFE channel
signals from all sources are mixed and provided at respective outputs. In this example,
however, only left channel and right channel signals from both sources are mixed because
only one of the sources provides C, LS, RS and LFE channe! signals.-A consumer would
hear audio from the CD player through only two channels of the systém but would hear

30  audio from the video game through all channels. As mentidﬁed above, consumers are
coming to expect and demand that the audio from all sources be presented through all
channels.

What is needed is a facility that overcomes this limitation of the prior art.



external to the conputer. In this exanple, the first source is a CD pl ayer
that provides two channels of audio information that are configured as |eft
and right channels and the 20 second source is a video gane that provides
5.1 channel s of audio information configured as left, right, center,

| eft-surround, right-surround and | owfrequency effects (L, R C, LS, RS,
LFE) channels. A typical mxing functiyon in the conputer m xes the
respective input channels together. The | eft-channel signals fromall.
sources are mxed and provi [ g out put of the m xer. The
ri ght-channel signals fromlljéser“?tgtlj%:]geés)ﬁwgﬁ} and 25 provided at a

ri ght - channelEnthotljmuntsaff tHelpeesamvigventi®i piovite! yethbds abd apparaniR®s éad LFE channel
signals fro || sources are m X nd provided at respective outputs. In
this exf%ﬁlgﬁrm@%?ﬂ F‘%/m}xetf’%ﬂ@ﬂé‘ﬁﬂ&%%éﬁ@“l‘Plﬁ’ﬁ‘[‘el%hannel signals from
bot h sour ces Aeerdiigted MRGaISEO BOYeRvR, AbrelifBrotRME GeSppatRXdes C LS, RS
and LFE channel.  signals. A consuner would hear audio fromthe CD pl ayer

t hr ough T9RING apdip Sighalh Fama Riyrakityof aydie eavrqsstwhesin anherarorsof tadudiof r om t he

vi deo gagRcdsHa9s9 By . ' I re comng
to expect gnsd aderransghdtuﬁ%[ﬁg? e gﬁgiﬁgegﬁg(?nba qgc%%?fé@gaﬁdé@%c‘;ﬂgeg%ﬁefthr ough
al | chaereafl sumbyax outputrebests, Wherainftlaaietordynuintbat is guarec dreshetfsts | i mit ation

of the i -4- DI URE OF | NTI.ON.Enbodi ment s.. of . t he present

i nventi glﬁfngérb&{%weheﬁé? H@cf‘?%%s ggﬁnr}g%sgsf% tn?lﬁeétmcrf%?%nﬁgmﬁg’ro@%%&hdi ng an
audi o mickarmels find inclabling a\phirhlah beingus feath sHBEMPUS haheLRHEH dhgndels a i rst
aspect of i.nvention, there is provided an, apparatus for. m xing audio
si gnal sc?qpi%%gﬂlﬂ%t Fhapngs O%f‘ﬂ?cgﬁﬂué@s?f’u’iﬁﬁé* f BlusHSY of2udior e of the audio

- sour ces shias, whdréin Stte JiPSanAlls OLth HEst SRR AR aSrafd iPREr P ol bEof the audio
sources have a second nunber of output channels, wherein the second nunber

i s greafERORREPUE phanpely and a sqpendaaroursi@nomemeieputiiechappels; atfis conpri ses: a
first n J el aidi | ' ) . I j ing a
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the out pupladiiathesing oofor qugsipdenieleinabefict sroup ofoutput themgs of dkifty of audi o
or et o mit Sl ledold R Etafi U ol dahindls AR i udiha FukRPe " 2




or nore output channels and a second group of one or nore output channels;
a first wupmxer including a plurality of output channels and including one
or nore input channels coupled to the one or nore output channels in the
first group of output channels of the first mxer; and a second m xer
including a plurality of output channels and including a plurality -4a- of

i nput channels arranged in a first group of two or nore input channels and
a second group of one or nore input*thannels wherein the first group of

i nput ¢ Q% e ut .channel s of
the fi rg)? gm&l@elst %%gﬁg%gst Oﬁﬁgfmoor%%fl ﬁtanne °$ 4h? %8 gecond group
of i nputgr@ipaninet e wéretiipat seaosig \xriierearthaﬁst gup bethphichthels ciie or nore

out put chan els in th nd gr.o 0 t put channels of the first m xer.
Accor di ng" 10" & g *E&ESHYP S‘ig’t £o tt"ﬁg“"i [ﬁ\?gﬂ’f’%ﬁ “p{nllf@ffén‘f@e BROYI¥E a net hod
for  m Xipigclauféloingh@absd Fro@dfanile dhahbls ¥ OF sl Mike WeCBipleddqRELI N One or
nore of the audio saqurces,  have a first nunber of output channels and one

or mor e °8f 1 e U behapig tedhdnependgrounf gnipuhchspedls ofithefisspirixeshannel s,

wherei n the a@eRiElsMARBENd Bp&i SBhETvENRR, th&@ﬁﬂrBﬁHedM 6d forand wherein
t he net had. COIT‘L)I’I ses: _receiving source signals Tromeach output channel of

one or MEKES awdie Fignakifies apburliteel vl seiersyhersia ae opmer of dpradiol ve channel s
of thessRtd:Gved ﬂ@ﬁ{lﬁlﬁepoﬁ%ﬂﬁﬁ Slafinds RldWhe Iof fn)ﬁreq;f tid & éxafo é?)h?&%éjha%'e nals -

arranged in_a first group of ~ one or nore first mxed signals and a second
group ofeERENERbGHEF uppichannds shiersinghasesond mymhex isrgeatdrahanithafirshi xed si gnal s

in the hiksdr, iﬁfd%ré?rfl e mhetlod Vot s 1%@&1!1?1 6Qurdeq a"l’sl;f; orff ea lo"dlglﬁlltl ty of first

upni xed si gnal s m xi Ng one of nore respecti anne the first
upni xedclsqngﬂafgnamnm@f dre ardiosopesced suring pumainsore bspictiescanusis ¢the one or

more fifgtoudd %i?gﬂsstb%&’?elra?e 581 SRES RS nﬁx& s(liljéﬁista%]r)éné dﬁlg ﬁligfl?sg%r §%§p al's.

According to a rd-aspect he I nven a conputer
r eadabl ene qfé’@iﬁ@uﬁﬁéhﬂ@@d@mmaltdeaseefmdmmmofpn@gmameﬁbstpewMgmh met hod for
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or nor empded signals to generate a plurahty of output signals.
According to a third aspect of the invention, there is provided a computer readable
‘medium encoded with a computer program to perform a method for mixing audio signals
from a plurality of audio sources, wherein one or more of the audio sources have a first
number of output channels and one or more of the audio sources have a second number of
output channels, wherein the second number is greater than the first number, wherein fhe
method comprises: receiving source signals from each output channel of one or more of
the audio sources and mixing one or more respective channels of the source signals to
generate a plurality of first mixed signals arranged in a first group of one or more first
mixed signals and a second group of one or more first mixed signals; upmixing the first
mixed signals in the first group of first mixed signals to generate a plurality of first upmixed
signals; and mixing one or more respective channels of the first upmixed signals and one or
more processed signals obtained from the one or more first mixed signals to generate a plurality
| of output signals.




t he audi o sources and m xi ng one or nore respective channels of the source
signals to generate a plurality of first m xed signals arranged in a first
group of one or nore first mxed signals and a second group of one or nore
first mxed signals; upmxing the first mxed signals in the first group
of first mxed signals to generate a plurality of first upm xed signals;
and m xi ng one or nore respective channels of the first upm xed signals and
one or nore processed signals obtaidbed fromthe one or nore first m xed
signals to ggper | i . of outpu ignals. -4h- Various features
of the pr eseﬁ{ﬁf}%ﬁ%‘% |egﬂ%rr§§m%%t %‘gﬂt@fl H%P{%&%E 538&5%;0 dngyé?lf%m&%?o t he

fol | owi nige Bilseingdlisomssbndnd e aaapapdny dRginks awvhigh likorefdéeb nliinkalsr ef er ence
nuner al s refi%[afe o like_ el eme%s m_ﬂiggnl@ever | figures. The follow ng

di scussi&r Qritke eliments iytbp severr! g WL issussion g thgaseociaedani ch t he

present drdWiREH deSdtibeR e ah sl AHEH the Prebint invBitlowas & veQRpRARAa b9f a personal
conputer system These inplenentations are set forth "as exanples only and

shoul d ABEVHE cORaRIessedd PeisoRab prBResystFi Thase brdlempisiionhareseidp@ of 1t he
present .. BVaHidsQRly b Shi LR BE ufl&?:l@?&ﬁ'éﬁfé FR¥nt Qﬁﬁﬂaﬁ@ﬁ%ﬁ%ﬂh@gcd Qo Wde
variety of ways 1'ncluding various co I hattons of hatdware &nd sof t war e
wi t hi n gheqweseuttinyentigs (Thmpeascht intvieatianseaydie idpldneasdan heideadayodfmaw er s.

BRI EF Dll?n§ -Tg\{ RAW Fig. 1 i,s schematic illustrati on of a
convent i ona: gn‘1! xgrs%ﬁ{aggfaﬁg%gﬁhgﬁ%%e asnldéﬂg‘f’%re v & ?aoni‘%e-ré?"lgé%@fdﬂlsour ce with
audi o sidgnat sf davines athéd ther @hgnred. source. -5- Fig. 2 is a schematic
illustration of one way_.in which audio signals froma tw channel source

may be expanded and m 'QW%H%’{BH RAWIN&S: five-channel source to.

provi de si gnpjs] {sQf schdnyiic AsRMon R 8 B Rleftionkl MixeBthhSmBReSHlR) .aﬁ
illustration of one way in which audio signals froma two- channel source

my be HPRedwrrebRnnelsivecesyignandio signsinfeont & iwe-ehranelsbursour ce and
subsequent |y expanded to provide signals for five output channels. Fig. 4
is a schematic illustration of one way in which audio signals froma two-




channel source may be m xed with audio signals froma five-channel source
and adaptively expanded as necessary to provide signals for five output
channels. 10 Fig. 5is a schematic illustration of one way according to the
present invention to mx audio signals froma two-channel source with
audio signals froma five-channel source to provide signals for five

out put channels. Fig. 6 is a schematicsidlustration of one way according to
the present invention to mx audio signals froma two-channel source, a

five-channel %ﬁ%rzciﬁ a%@ﬂfﬁ%@ﬁyﬁﬁfﬁi%ﬁ%@%e wh éﬁmcg%ug%aﬂgé%‘rﬁ %ﬁnﬁd Al s for

seven out put channel's. I's a schemat evice that
may be uskahnebsouns wagbe expaadedas] mspdotith aidie kigngs éoans fivecbatiebn. MODES

FOR CARRYI NG OQUT THE | NVENTI A. Introduction 20 Signals generated by
audi o soSTHESIARPRY Sﬂ‘f‘ggb&%ﬁ‘é‘?@dﬁ'ﬁpﬂgﬁmut er systems -provide signals

to an audio My ngs AERGARIYIIENAKIOR ATBAERSy i hidiRkliNigHM Sola gRACT ate  a

set of signals for delivery to a so call edy' sound card" " or other output
devi 8e. cheanpak soustegnay be firixeth witke awdio ignalddiane e fiverchhmedsowicdand t 0 an

acoustic_qutput .trans r such as  headphongs, or tq an anplifier that

i ves. offPERien Y EXPOLAG Joaiuie eIt e Ve aHon Baendsoui ded to of her
hardware or spfd was g seifhAR11GRFatidH BS BALIRAY B WA anBloAGSfald ROMA twest Or age.
Fig. 1 is a schematic illustration of an audi o m xi ng conponent 10 such as

those fchanael sourasrmenbe oixad widh swhio sispalfinep fiypchamel soiee andces audi o
channel ssPBuRY B AR MRyt g Y RN ek O T e B R e "Capabi 11 1 es
of am output HEYISGE4theRitid iMSsHALISN BREnEREF a@ordifs W e lRsentitvasfin 8f a
not herboard. |f the output device 40 is |limted to two channels, the
m xi ng caigparbesignalstiomm s fvo-ghemsbsareswith audiosienalsdrom atfpierchannelt he out put
device Biedleto ey APIREH Ay, 1 charnel” cont quration. the
. Fig. 6 is a schematic illustration of one way according to the present invention o
mix audio signals from a two-channel source, a five-channel source.and a seven-channel
15  source to provide signals for seven output channels.
| Fig. 7 is a schematic block diagram of a device that may be used to implement
various aspects of the present invention. |
| MODES FOR CARRYING OUT THE INVENTION
A. Introduction
20 Signals generated by audio sources within a typical personal computer systems
prc‘wide signals to an audio mixing component that combines its input signals to generate
a set of signals for delivery to a so called “sound card” or qther output device. Oﬁtput
signals from the output device can be pfovided to an acoustic output ﬁansducer‘such as
headphones or to an amplifier that drives one or more loudspeakers, 6r_t11,ey canbe
25  provided to other hardware or software devices for éubsequént sigﬁal_ processing or
storage. |
Fig. 1 is a schematic illustration of an audio mixing component 10 such as those
found in conventional persenal computer systems that mixes audio signals frorh multiple
andio sources 1, 2. ijicaily, the number of output channels provided by the mixing
30 component 10 depends on the capabilities of an oufput device 40 such as a sound card or
equivalent chipset of a motherboard. If the output device 40 is limited to two chf:mnels,i

the mixing component 10 typically generates a two-channel output. If the output device



This traditional arrangenent causes problens that conventional technol ogies
cannot overcone. Referring to Fig. 1, audio source 1 represents a

t wo- channel audio 5 source such as a conventional stereo CD player and
audi o source 2 represents a 5.1 channel audio source such as a DVD pl ayer
for playback of a notion picture and the acconpanying .soundtrack. Wen the
audi o source | is active, signals foret.wo channels are provided as i nput

to the nixer 10. When the audio source 2 is active signals for 5.1

channel 50 GpRBRVIrdGthorifle 85 1l dhRttcl LOnfifallrk She thkind Bor¥lich o cOMpUL €1
architec ure he 't C %nnel st gnal's om the au rce are m xed
into a gmﬁxmhamﬁdhﬁmnmﬁumqnm a very sinple way, the Ieft and rlght channe

signals are delivey.ed |rectI to the | ht 0 hannel s,
respecti vel yq%%fntﬁa #ena) fHRRES bﬁﬁ“sﬁgrﬁﬂﬁ]f@%safg% %&E@E{?f OBtffe 5.1
channel c§idpalcdhoRefbhfhoatl i@ 189&515%1%0@1%@@@& m@gtatrmeum as.1
channel output by delivering each i nput 15 channel to its respective output.
chafinel solifm suchrag i qopwentional Sersdn@%pllﬂﬁeﬂané audio spurcel2nEpresernndll which is
the ". 1" art of the hanpe nfjlgprati.on, .S _om ed from
this anthane B R ionat A VD pieRr P mGRhe 84 B uoR oo Bl S n hoar
audi o f jcuant ad@bendtiekce 2 through all 5.1 channels but can hear audio
fromthe audio source 1 only through the |eft and. right channels. As

ment i oned, 2@V!sp@dbeau@1msgur§¢rlaﬁwmlgm@sﬁtstwew@@tﬂe&ceeptw ﬂtsanlattnsurrers
who eXpE)Ctheﬁﬂgérold Wﬁ%n%l: au(ﬁB‘slB&gé gHQa&FVe A0EGRS. {)e SO agé,%)m@t | abl e

out put chan whi C em can ustrated

i N1 Q. aﬁnpﬂueahdmﬂ@rtm Iﬂﬂyp&als(ﬁdm{iutﬁmrctﬁtedmesi tgnadoschbnmehnsighalstfiwen channel
audi o sgurce, 1 are processed b upm xer 5 that synthesi zes % 5,1
channel the@pdigrsouregriaare mixed @écpe)ﬁslecltaantlmtmlﬁahﬁgpwﬂghla%ayzﬁm&ﬁ agd| j vers

the sy . pm xer 5 can

nﬁﬁéﬁenéﬁf 18@%%@%@%‘%&3\}1 cﬁﬁ% ﬁﬂe 1%%3“ (Phgourugé:&&ml |n the m xer.
10 or wspéwmelgr, aibie@tismnoutprathanaels ra&emdtacﬂfebtetlytﬁms.ﬁ tmharmmﬂmgna;lsnﬁlme 1 and
the m Unf or t unat.e ne of se arrangenents .are ctlcal I n
Convent B ARosEREs A cungs dizs g ! Crmel oo PR FeEring i B5ie s
”B!I'.‘Y | B aBAEND Asir&Rcde SMBﬁtQ:hﬁﬁféﬁTlﬁyﬁycﬁlté&%Ci?&M #lrik. hﬁtTh%Q.F@nnOt be
nodi fied to incorporate the upm xi ng conponent. Second, Software

channel, which is the “.1” channel part of the 5.1 channel conﬁguratton is omitted from
this and all other figures for illustrative clarity.

A listener can hear audio from the audio source 2 through all 5.1 channels but can

hear andio from the andio source 1 only through the left and right chalmels. As lmentioned
20  above, this arrangement is no longer acceptable o consumers who expect audio from all’
sources to be presented through all avallable output channels.

One way in which this problem can be solved is illustrated in F1g 2. According to
this solution, audio signals from the two—channel audio source 1 are processed by an
upmixer 5 that synthesizes a 5.1 channel set of signals in response to two channel signals

25  and delivers the synthesized si gnals to the mixer 10. In principle, the upmixer 5 can be
implementéd by components within the audio source 1, within the mixer 10, or within a
component that is inserted'bétweenthe audio source 1 and the mixer 10. Unfortunately,
none of these arrangements are practical in conventional personal computer systems for at
least two reasons. First, many- implementations of two-channel audio sources exist that

30  cannot be modified to mcorporate the upmixing compenent. Second, soﬁ:ware
architectures for conventional computer systems implement the mixer 10 as part of the

operating system, which does not allow upmixing components to be incorporated into the



architectures for conventional conputer systens inplenent the m xer 10 as
part of the operating system which does not allow upm xi hg conponents to
be incorporated into the -7- m xing conponent or to be inserted between the
audi o sources and the m xing conponent. Another way in which the
limtations of conventional conputer systens can be overcone is
illustrated in Fig. 3. According to th?s solution, the upmxer 15 is
coupled to 5 the output of the m xer 10. This may be done by inpl enmenting
the upm xer. 15 in a soft river that i assoc wi.th the out put
devi ce 46“mﬂﬁF8WPBW§1€Fy’ eRHhe gy gﬁﬁl‘?“mgUpmxmg t he
| ef t andaﬁﬁgﬁkmghannels to syntheS|ze as. 1 channel set of signals
provides the desired result when the only input is fromtwo-channel audio
sour ces but |ﬂneﬂEMEwwugmdwédﬁohndwsonﬂmﬁpmanMNﬁ&@nmmummﬂymnsmpmabent in

the remaining 10 OVI channel, .audi 0.s ces.
One pot efifT ‘g“%bﬁ ﬁjf’fa%#e‘iglélﬁ?i‘g 8 F‘ﬁ'é’f‘ré’teé@% PGS coup kﬁgg’ordl ng
to this the@utut 0f thelhiBet POI REE mh bbﬂoﬂ&l@* irﬁgleﬁféaﬂﬁgml wpmik&@'159%apl e, the
system coul d "di sengage the upm Xer e detector 16 detects any

si gni fi ceoftware Qﬁaﬁr fbn@sgmcmtmlﬂaﬂmmut device 48.Uinipandately, thidmpreachr ound
m xer ou Unf ar t ach .has at | east . three
G s acvarf et VBB Sel upmuhe LR ma bl haRRAE FDRURRR 3% T ThnBET et g
ener gy i ¢f ss@is ﬂ%vidé@ﬂfei@dﬁﬂ@&ﬁesul@wﬂiehﬂiedrﬂyﬁiiﬁpisalhblﬁmwachhkﬂﬁzllﬁudiab' e and it
Is often dlffICU|t to engage or di sengage the upm xer 15 w t hout

i nt r oduciowEres byt i ictherrignpetgs prdistorts the ¢oatest thabis prespabinsthe remaidiigt i on, t he
det ggtore h%ﬁnagngw&%%ﬁghﬁ &%ﬁnéﬁﬁdl%%hk%g 15 for signals fromthe

audi 0 source no st gniticant signal energy is 20

present in thenepoicatial s!oﬁftion&bl EHiO piiod] e 1srﬂ1§§tfatédﬂhrlﬁﬁm ABcRYindtd thist
channels. Furthernore, this a‘é}ﬁqroach I s _unabl e, to handl e correctly t hose

si tuat i owdutios, e wrniseyhnisepphighidentively Rt sxawples thesyaiam qonld disengszeour ce 2
| |: h

P esent TEbBARIT it HATMEloF U HER o SPRIE g ilenbll it 1", 0
to. 25 shmrodadl Dr/ﬂgbldsm:muaﬂ Imigettquiiut chamebsl Enfergmathly this approhéh @it i gur at i on

-~ of e ud|
;1 east 1sa§vantages Because the adaptation depends on the detection of signal

energy in some of the channels, a delay in adaptatlon is unavoidable and it is often
difficult to engage or disengage the upmixer 15 w1thout.1ntr0ducmg audible artifacts into
the output signals. In addition, the detector 16 may incorrectly engage the upmixer 15 for
signals from the audio source 2 during intervals when no si gniﬁcanf signal energy is
20  present in the center, lefi surround or right surround mixer output channels. Furthermore,
this approach is unable to handle correctly those situétions in which signals from the
aundio source ! and the audio source 2 are generated simuitaneously and mixed together
by the mixer 10. -
The present invention overcomes ﬁmitations of the prior art and allows signals to.
25  be delivered to all output channels regardless of the éonﬁguration of the audio sources
and the number of channels that are provided by those audio soutces.
Fig. 5 is a schematic illustration of one way according to the present invention in
which audio signals from a two-channel source may be mixed with audio signals from a
5.1 channel source to proﬁde signals for 5.1 output channels. Accprding to.this solution,
30  lefi and right channel signals from the audio source 1 are mixed with the left and right
channels signals from the audio source 2. The tvh channels that result from this mix are
provided to the upmixer 15, which synthesizes a 5.1 channel set of signals from its two-
channel input. The upmixing technology incorporated into Dolby Pro Logic Il products



and the nunber of channels that are provided by those audio sources. Fig. 5
Is a schematic illustration of one way according to the present invention
in which audio signals froma two-channel source nay be m xed with audio
signals froma 5.1 channel source to provide signals for 5.1 output
channel s. According to this solution, 30 left and right channel signals
fromthe audio source 1 are m xed mﬁ[@_;he |l eft and right channels signals
fromthe audio source 2. The two channels that result fromthis mx are

provided tq the m xer 15, which_ synthesizes a 5.1 chanpel set qf signals
from it KRS USEH; VeF’ﬁ%%?Pm#fﬁlélijW&?FH&Pfe&Eﬂ‘}FFél gfgﬁSf?%HVﬁBYa?téﬁ i nto
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i mpl ere ssentially any set o upm Xi'ng "‘equat i ons that may be
desi r ed aréTirevidedrtn ipots afatmixier 20 Huiphtshednedhef the xpmixkd 15 arealps provitked t o

i nputs of .a m 20. t.put channpel.s of the I, xer 15 a al so provi ded
ol t nputSigpiaidhe mpis 25 Mhamixaf Sniveting pieaels it 1 voraived fni Bl Pece ved
from t hgoihd e dprdiRePBltd B vidR ¥ K&tpdiThhehedl, qﬂsdﬁaﬁﬁ)a%h%ﬁa%s £ppppel s. This

approach provideés a set of output signals fromthe m xer 20 that contain
bot h a Butputsignale froaxibgmsixen2bthat ¢eataimbethan® hebanne] ¢upansiof pdthettive- audi o

source |, as |l ;as a 5.1 channel ,versi.on the 5 1 .chanpel.signals from
the: auathbelfemmSiof e hpdp3R0gy 140 RE o2 1 SPpRforafR AEI RS apn i o

r epeat eghahnebsifefdftm the phdivisdarce 210 for |arger nunbers of different
channel configurations. Fig. 6 is a schematic illustration of -one way

accor di ng t oPrineiplssof & presepé veslion mavhe applindarpratadiy,as seededin pripgides. 1 and

7. ch SO ' g .o 7. t. ls-in a
op “TREeORGES oFfirpb ShAGH BB Fife i soRUDRIIERRIRR T, | 0.0,
and. | ovehé @ay eawydial tetHeprédent Mvertion ib ShiBSaudiBsightBs floBwd; Banasl 7.1
configuration. According to _this solution, respective |left 15 and right
“channel changelsoyraes savtheanisgdito pewideder 1.1 opgant aﬁmn@hé@@rlé% et eniche audi o

sour ce o 1] t ¢ OV i , i

oyt hesie @il iEthe AASLAE AL KA ORE 4 IV BRI b R ES

- upm xi nBS RE 0B RBYLFBY ciapaeladoatl gimation. Dodcdopdingteothisagition| respectidaddfs nay be
used; however, .the_upm xer 17 nay. be i mpl enented b essentially any set of
upﬁgxi n ichiel eieael fiayo e Q) Soutes Ir e e FRs SN o aidio’sorce

3 are mixed together and provided to the upmixer 17_, which synthesizes a 7.1 channel set

of signals from its two-channel input. The upmixing technology incorporated into 'Dolbjr
Pro Logic IIx products may be used; however, the upmixer 17 may be implementéd by
essentially any set of upmixing equations that may be desired, The surround-sound
20 . chamnel signals of the audio source 2 are mixed with the corresponding channel signals of
the audio source 3 and providéd to the surround-channel upmixer 18, which synthesizes a
four-channel set of sef of surfbund—sound signals that are provided to the mixer 22. The
upmixing technology incorporated into Dolby Pro Logic IIx products may be used;
however, the upmixer 22 may be implemented by essentially any set of upmixing
25 equations that may be desired. The remaining sutround-channel signals from the andio
source 3 are provided to the nupmixer 22, which mixes signals for the respective back-
surround channels. Its eutput;' along with the output of the upmixer 17, are provided as
input to the npmixer 30. The upmixer 30 mixes its input signals to provide 7.1 output -
channels. This approach p:dvides a set of output signals from the mixer 30 that coﬁtain a
30  botha 7.1 channel expansion of the signals from the audio source 1 and the audio source
2 as well as a 7.1 channel vérSion of the 7.1 channel signals from the audio source 3.
Other implementations are possible, For example, in one alternate implementation

the feft and right channel output signals of the mixer 12 are upmixed to 5.1 channels and



20 channel signals of the audio source ,2 are mxed with the correspondi ng
channel signals of the audio source 3 and provided to the surround-channel
upm xer 18, which synthesizes a four-channel set of set of surround-sound
signals that are provided to the m xer 22. The upm xi ng technol ogy

I ncorporated into Dol by Pro Logic Ilx products may be used; however, the
upm xer 22 may be inplenented by essentgally any set of upm xing 25
equations that may be desired. The remai ni ng surround-channel signals from

t-he audi ) . i . - P - : for
the respaopithédif al AlfioRAOKLAE fuling DutPRIP ety alligh bR phtigl
of the upsignalyofiife mikes 1RromidThaspmikiiplitclinoldghefouind i BelbyIde Lbak Wpm xer

30 mxes its input signals to provide 7.1 output _channels. This approach
provi des BEodusts, Hir exampla, mavdiedised o wymihenize & ehannds fiom tweoehaapalssbhgot h a

7.1 chan P]Iqﬁj a%_shtﬁ‘ | Jos L | : t he audi o
source ?EL.(S} we é@ﬂﬁ# cr@ﬁﬁgﬁﬁl\?}g@s@gﬁ}%gu?@@@O}ég‘gﬁ;\ane ﬁgiljg‘f}nal s from
t he &udi Gusouidehadnel Wpnliger andprevided ad inpuistodliemixes S0bThe upmixigganpl e, in
one alternate inplenentation the |left and right channel output signals of

the m xertechpology Townd sadolby Peo hogisdlxapducss, dor exampdeymnaydee vsedde addi ti onal

m xer w t ' : e hgnal s of
the i xer 1905 ElicRhuel b1 LhuREIeTH, SRS U PAORRe map 10, |

pr oduct s préforedaearphis altemmtibeingd emientatiay hbvesdrz bedande thiwalteehativer om t wo
channel s., The ..l channel outPut signals of this additional mxer are

upni xed FBPEMEn{AgAfequires some slenals o oats taioyahmorg ip.stage M FPREYPEded as

i npulp to the mxer 30. The upm Xigd@mpigrdigliagpy found in Dol by Pro Logic
|1 x products, for exanple, may be used to synthesize 7.1 channels from5.1
channel s. The Davpies that invorpmais vevinud aspedts)of ihe pegseblinventnanaebe over thi s

alternative i ment at.i on,. however .. because .this alternative
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upm xi ng othkd dBvicd tHat ﬁﬁﬁﬂb@iﬂc@@sﬁ@iﬁﬂiﬁ&ﬁc&%ﬁfn@ﬁ%ﬁé@@é deRalftd peocRsRect s of
the present invention may be inplenented in a variety of ways: including
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aspects ofthe present invention. The processor 72 provides computing resources. RAM 73

is system random access memory (RAM) used by the processor 72 for processing. ROM 74
represents some form of persistent storage such as read only memory (ROM) for storing
programs needed to operate the device 70 and possibly for carrying out various aspects of
20  the present invention. /O control 75 represents interface circuitry to receive and transmit
signals by way of the communication channels 76, 77. In the embodiment shown, all méjor
system components connect to the bus 71, which may represent more than-one physical or
logical bus; however, a bus architecture is not required to implement the present invention.
In embodiments implemented by a general purpose cdmputer system, additional
25  compoenents may be included for interfacing to devicés_ such as a keyboard or mouse and a
- display, and for controlling a storage device 78 having a storage medium such as magnetic
tape or disk, or an optical medium. The storage medium may 56 used to record programs of
instructions for operating systems, utilities and applications, and may include programs that
implement various aspects of the present invention. '
30 The functions required to practice various aspects of the i}resent invention can be
performed by components that are implemented in a wide variety of ways including discrete

logic domponents, integrated circuits, one or more ASICS and/or program-controlled



(DSP) circuitry coupled to conponents simlar to those found in a
gener al - purpose 15 conputer. Fig. 7 is a schematic bl ock diagramof a
device 70. that nmay be used to inplenent aspects of the present invention.
The processor 72 provides conputing resources. RAM 73 1is systemrandom
access menory (RAM used by the processor 72 for processing. ROM 74
represents sone formof persistent stgyage such as read only menory (ROM
for storing prograns needed to operate the device 70 and possibly for

carryin | OUS_aspe of 20 the present invention. 1/0 control 75

repres eﬁ{os%g%sﬂ%mea%gnﬁrﬁg E%h??hy&ﬁ%e cf'oé%pé’fl\g/‘éts g{?dlqp}gﬁgr#f:{l 18 %qtd’ﬁlgf’%argio way of

t he conths¢preésht iawerttvannel s 76, 77. |In the enbodi ment shown, all nmgjor

syst em conponents connect to the bus 71, which naé represent nore than one
<]

physi cal or Spiyreamplapentatisneokibe peesent invepiion may be cenveyedby avadgty p8d t o

i mpl ene . ' ' ' ients | nt.ed ner al
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i nt &r f athenpediondiaviudig fioi bupfessonidte ylinwiolet Greqigicies, andompe gicdpl thyt and for
controlling %ﬁ§tora e devicé&$; havi ng a storage nediuqlgﬁch as magnetic
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record S Sbtical L ORSH gﬂﬁi i %ﬁ&g jlities. and
applica?#%%g, an i#?ia?ﬁ% d%gg%?ggggﬁs t(gfﬂﬂ@ﬁ% ene%%negﬁkggéhgéggcts of -
t he pr.emehulingpaperti on. 30 The functions required to practice various
aspects of the present invention can be perfornmed by conponents that are
inplenmented in a wide variety of ways including discrete |ogic.conponents,
integrated circuits, one or nore ASICs and/or programcontrolled -10-
processors. The manner in which these conponents are inplenented is not
inportant to the present invention. Software inplenentations of the
present i'nvention may be conveyed by a variety of = nachine readable nedia
such as baseband or nodul ated conmuni cation paths throughout .5 the
spectrum including from supersonic to ultraviolet frequencies, or storage
medi a that convey information using essentially any recording technol ogy

i ncludi ng magnetic tape, cards or disk, optical cards or disc, solid-state
menory, and detectabl e markings on nmedia including paper.




-11- CLAIMS 1. An apparatus for mxing audio signals froma plurality of
audi o sources, wherein one or nore of the audio sources have a first nunber
of out put channels and one 5 or nore of the audi o sources have a second
nunber of output channels, wherein the second nunber is greater than the
first nunber, and wherein the apparatus conprises: a first m xer including
a plurality of output channels and incjuding a plurality of inputs, each
of the inputs having input channels coupled to the output channels of a
respective audi o source in the plurgld f audi o sources, wherein the 10
out put channels of the first mxer afe arranged in a first group of one or
nore output channels and a second group of one or. nore output channels; a
first upxm xer including a plurality of output channels and including one

or nore i nput LcAdnapRESOGHIEENE guiinsignals frm sgturalit ¢ Audinsowesss in t he
first g : : LT rﬁ.?n?&%ﬁ- : I Xer
Jncl udi ngﬁ%ﬁéﬁe%@%o oui&giﬁ S@%ﬁ%@l‘fé hgﬁ%} I nc ugfgg@g#ghpﬁggﬁ?@gn%}

i npuf charnmetesofahe anndje donnseshdvierassecgrdompnlodr of wotpot clrasmels; wheieircthannel s and

a second group of ane or npre,.i t channel,s,, wherein the first.qgroup of
put . CHAARL Rar 1 Recatss B R GO S RStIR S04 B el s of
the. first upm xer a@&rﬁﬁ@rﬁﬁﬁdﬁ{g ﬁﬂhﬁdﬁtﬁﬁ%utﬁﬁ%ﬁ%ﬁh&shﬁdiﬂéﬁ;@%@nd group
of input channels 20 of the second m xer are cot(l;[])jla;%to t he one or nore

out put channepkuality ofimputss oandh ofghoimputsthagingiopy eoupled todhs putput ni xer .

2. The apparatus _accarding to claiml wherein: .the.first nunber is

posi tive int e&@t"f@é Hgfléﬁsp%ft%eoa %Soélé%eolﬂgﬁﬁﬁﬁﬁﬂﬁ ok a%&w 28%156% Vhes nﬁfﬁ eger
dengged M t hguthit SHanfidi 6F tHeTbiue Ber MeQiitanbiéd RafRe bfoupofent of florgr oup of
out put. channels has N out put channels and the second group of out put

channel s has owpunt channels antha senongd sroupoffdne or mypaoRiput Chasnglies N i nput

channel s and M out B %E‘st%%?nrﬁlgrl iﬁélur%%% a plurality of output channels and including one

br more input channels coupled to the one or more output channels in the first
group of output channels of the first mixer; and
15 o a second mixer including a plurality of output channels and including a
plurality of input channels arranged in a first group of two or more input channels
- and a second group of one or more input channels, wherein the first group of input
channels of the second mixer are coupled to the output channels of the first
upmixer and the one or more input channels in the sét:ond group of input channels
20 " ofthe second mixer are coupled to the one or mor’e'oiltput channels in the second

group of output channels of the first mixer.

2. The apparatus according to claim 1 wherein:
the first number is & positive integei‘ denoted N . and the second number is a
25 : positive integer denoted M, B
' the first mixer includes M output channels; the first group of 6utput
channels has N output channels and the second gro‘ﬁp of output channels has
. M-N output channels; - | . |
- the first upmixer includes N input channels and M output channels; and

30 the second mixer includes M ouiput channels, and includes input

channels arranged in the first group having M input channels and the second

group having M-N input channels.



30 the second m xer includes M output channels, and includes input

channels arranged in the first group having Minput channels and the second
group having M N input channels. -12- 3. The apparatus according to claim!l
that conprises a second upm xer and a third m xer interposed between the
first mxer and the second m xer, wherein: the first mxer has two or nore
out put channels in the second group of2_output channels; 5 the second

upm xer includes a plurality of output channels and includes one or nore

I nput channel;s £fnds rgqug : hn the
second group?’bfrl‘i%ul}liﬁ5 kut c%gﬁé\rgingquatiﬁe H%‘%‘ﬁgn]sg%% Qéggﬁlgt&?ﬁgf%r%?? m xer

i ncl udethial splixer altetppseal batwpert the Hastmeixer @i the eebohd ntiker, owhiepii: channel s of

t he second upm xer_ and to at | east sone of the ouytput channels in the 10
second group of odR§ist BER A bV pr IgEe eytpuiic in the geqond R Tone or
nor e out put upled to at | east sone of the one or nore input
channel s in ?’E@ﬂpg!éa?grg]@’ group of input channels of the second m xer. 4. The
appar at us accor di itise ¢evomd apmix8r idechrdes a phikAitlylod ohtpus thamnelseund iiscladgzosi ti ve

i nt eger denoted N and. t he secqnd n er 1s a positive integer denoted M

the first m RSB OF MOFLHRY ‘fb\%ﬁ@ﬁﬁ?“l’gﬁﬁrf’éﬂ?ﬁtﬁ ?ﬁ‘%?“@’% els dr st

channel s haS'_S&Oﬁ@F%&*&WEMQ(;m%@ ghpp of output channels has
s;7 20 the first upm xer i

M N out put channe : he I nc r-udes N i nput channels and M
out put channel s; thesthird owimer inclvdes aphwaligy ofinput ¢ghanncls sonplkd to theduipd| udes

i t ch | d.in,the. fi havi M i t, ch d the
sebond or oupciupilie M seep bttt ko FR oS dne bRk hetneE Bt e
chamnel s andsd¥aad ¥rauplaTGhipin hI%,ofl"\ifeN_ﬁﬂﬁﬁﬁxel(, AnudELoROsihéée | ntegers,

X is less than Y and Y is’'l ess than _
- output channels coupled to at least some of the one or more input channels in the

second group of input channels of the second mixer.

4. The apparatus according to claim 3 wherein;
15 S the first number is a positive integer denoted N aﬁd the second nﬁmbcr isa
- positive integer denoted M; ,
the first mixer -includes M output channels, the first group of output
channels has N output channels and the second group of output channels has
- M-N ouiput channels; | |
20  the first upmixer includes ‘N input channels and M output channels;
* the second mixerincludes M output channels, and includes input channels
arranged in the first group having M input channels and the second group having
M-N input channels; _
| . the second upmixer has X input channels and has ¥ output channels,
25 "~ where X and Y arepositive integers, X is lessthan ¥ and Y is less than M-N;
the output channels in the second group of output channels of thé first
mixer are arranged in subgroups, a first subgroup haﬁng X output channels and a
second subgroup having (M-N)-X output channels, wherein the input channels of
the second upmixer are coupled to the output channels in the first subgroup of
30 ~ output channels of ﬂis first mixer; andl |
- the third mixcr.has_ atleast Y Qﬁtput channels. -



t he out put channels in the second group of output channels of the first

m xer are arranged in subgroups, a first subgroup having X output channels
and a second subgroup having (M N) X output channels, wherein the input
channel s of the second upm xer are coupled to the output channels in the
first subgroup of 30 output channels of the first mxer; and the third

m xer has at |east Youtput channels. -U18- 5. A nethod for m xi ng audio
signals froma plurality of audi o sources, wherein one or nore of the audio

sources have asfAmsdthailisbgtixiad adib Pighals HoRNEpISraARLLTANGI0XOuRRE, Svhepdin t he
audi o sources havef%gsﬁgg,ond nunber of output channels, wherein the second

nunmber i sO%rEdRYEF O IR SoYrPesdiave a ks PUmBePTRMPUEShnRele andens el BRI i ses:

r ecei vi ngoffd k&S0 %@E@Iméwﬁbﬁ@ﬁﬁnew&%gaha%ﬁa SIhRaf iR sefRie of the
audi o sources and m xi ng one or nore respective channels of the source

si gnal s t@mppiegraater thapthg fiastinumber, and wherein the methogreainprises: anged in a first
group of one or norg..fi 1 X | I n roup of .gne or nore
ek SR Sefhs koA AU ASRRPIFOR By

first m xed signals; Xing sin group of
first nmixed siagual ®utces agbmixisg @nesorphare edspécyivethaninels bf thegbureesighgdawl s; and

m xi ng one or nore reﬁge é{ivfg.%han?(ﬁl.s (?f the firsL upm xed signals and
one or nore prCEREEP 'aﬁ A BRI ges YrAneRE Nk OHB PEORG FILROLR; x ed
signals to gefirsyraixed sigdlsiidi 4 $oxolf grold BEEncUramde first MixclingeraRt hod according
to claim5 wherein the processed signals are equal to the first m xed

signals. 7. The metRBEXIBE theiaptiaixed signals i the fiph group b firss syxed gignali tag t he
one or nore fhgé%at%?fﬁﬂa@?%@ﬁéu' &éa%gggﬁﬁo% group of first mxed signals

to generate a plurality second upm §ignals; and ni xi ng one or nore
respecti ve channel suighgiohe os awohkEspgehive ebhnnely wfithe finstdupnaiked eigadls smire of t he

one or nore fi l xe ' .S tn.th C roup of Jfirst .nmxed signals
{0 obtain the o%? élé lg'g%é: epg‘ocgélsga@:%@ais obEan(’?ed'S 69 rﬁ%’e MM firdt iiked mgna?s
' to generate a plurality of output signals.

6. The method according to claim 5 wherein the processed signals are equal to the
first mixed signals.

7. The method according to claim 5 that comprises:

upmixing the one or more first mixed signals in the second group of first
mixed signals to generate a plurality of second upmixed signals; and

mixing one or more respective channels of the second upmixed signals and
at least some of the one or more first mixed signals in the second group of first

mixed signals to obtain the processed signals.

8. A computer readable medium encoded with a computer program to perform a
method for mixing audio signals from a plurality of audio sources, wherein one or more of
the audio sources have a first number of output channels and one or more of the audio
sources have a second number of output channels, wherein the second number is greater

than the first number, wherein the method comprises:

receiving source signals from each output channel of one or more of the
audio sources and mixing one or more respective channels of the source signals to
generate a plurality of first mixed signals arranged in a first group of one or more

first mixed signals and a second group of one or more first mixed signals;



8. A conputer readabl e nediumencoded with a conputer programto performa
nmet hod for m xing audio signals froma plurality of audio sources, wherein
one or nore of the audio sources have a first nunber of output channels
and one or nore of the audio sources have a second nunber of output
channel s, wherein the second nunber is greater than the first nunber,
wherein the nethod conprises: receiving source signals fromeach out put
channel of one or nore of the audio sources and m xing one or nore
respective channels of the source siggals to generate a plurality of first
m xed signals arranged in a first group of one or nore first m xed signals
and a second grou . g the
first mxed si gnalgl Rﬁmﬁ?ﬁleq?lst@%gd Elgﬁég mf%%(l rsgllogp g‘“é?“g’ﬁeﬁép iogltgenerat e a
plurality of generste ammmmfﬁrsgmamedargmam atidng one or nore respectl ve

channel s of the first upm xed s nd .on nor e ces i gnal s
obt ai ned from t he™8H888 e%plgreﬁe?% lﬁ‘? g‘éaﬂn%l ﬁgllesﬁmtlﬂmag‘ﬁg?&‘? lurality
of out put si gaabsmo OFrE&b@semﬁ@ﬂIsQibtaﬁﬁﬂcabh%mféld#m@@ﬁ% iRl digh @é aim 8
wherein the processe signals are eaﬂual to the first m xed signals. 10.

The conput er ¢ SEFER P BN AEVGFIENHY to cl ai m 8 wherein the nethod
conprises: upm xing the One or nore first mxed signals in the second group
of first mxed signals to generate a plurality of second upm xed signals;
~and mi xi ng oReTbe cwmpwememiabmmmham@hgtmﬂauﬂﬁwhemmﬁiepmssedi si gnal s

and at re first mxed signals in the second
group o%éﬁsfs?%&"ﬁlg?gg gfsg bt ain the processed signals.

10. The computer readable medium according to claim 8 wherein the method

comprises:
upmixing the One or more first mixed signals in the second group of first
mixed signals to generate a plurality of second upmixed signals; and
‘mixing one or more respective channels of the second upmixed signals and
at least some of the one or more first mixed signals in the second group of first

mixed signals to obtain the processed signals.



