Di stributed Spatial Audio Decoder BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to surround sound decodi ng and
di st ri butworzotoasbssuques. 2. Description of the Rel ated Act/uskémioedzannel
audi o reproduction typically uses a plurality of |oudspeakers distributed
around a listener, or group of listeners, tQ convey a sense of inmersion or

envel opnent from a repr ddiséeibutediSpatiabsdig Recadarmdt rack or an

artificially rendered acoustic event. Miltichannel audio was first
popul ari zed in novie soundtracks. Myvie theaters use a network of

| oudspeaker s dpAlCKQREONDOPUIIRYNVENTRENT or mance space to surround the
audi ence. Mul tTchannel audi o has al so becone popular in hones with the

advent of nultichannel novie and nusic soundtrack recordi ngs avail abl e on
DVD and Blu-r aVielid etthedmndlentigmer acti ve nul ti channel soundtracks from gani ng
consol es and personal conputers. Miltichannel audio is often conpressed
such that the @ah®ypnsenf indaitton edates @sl sti@owrl ssuiddadoedimgharghdigtitblutiby
soundtrack reproduction is sufficiently reduced to fit on a given physical
storage nEMUMSr to allow for streanming of that data within a given

bi t stream bandw dt h. Such conpressi on schenes include Dol by D gital or DTS
for DVD, Blu-ray disc and HDTV. These encoded data streans are usually

passed tosan e d one theater receiver and the decoded
PCM soundfr ackbl%’g&ﬁﬂoélc eﬁ@%la\%&}%rf'o mul ti pl e out put channels for

di stribution a nd the listening room .Miltichannel audio can so be

produced and nmli%cqﬁﬂn‘ﬁhaéldfcl Vpﬁ?ﬂqfaﬂ’%cﬂ”%‘_c Ly BtSSqh W@hténﬁﬁoké@?l’ i channel
audi o cangghffidderrchiRPs Bledd) QUBDuRBREEHM, H186R1ES 0feniB inm&Headed stereo
soundt racks using algorithnms such as Dol by Pro Logic or algorithnms based on

t he t heor ynvelapnienedram dJrrodusee rmudippddosding om Sandtragly, ol 2h 2a6fidighly A

mul ti channel, squndtrack ca 0 .be produced by.'upm xing' .a.tradi.tional
Cter co solndrraeRble R Shcmfnd S8 RaSarshr Rt Ped it a85% ear ve
CMVBS- 3D Sydunatiiéks. MbSiedNaeatérs a8El a BB dek b€ | RidSpHak&v dektThged bk dighbainhel audi o

signals 102 (transmtted, e.g., over a SPD F ,
performance space to surround the audience. Multichannel audio has also become

popular in homes with the advent of multichannel movie and music soundtrack
recordings available on DVD and Blu-ray discs and interactive multichannel
soundtracks from gaming consoles and personal computers.

Multichannel audio is often compressed such that the amount of data required
to accommodate a high quality soundtrack reproduction is sufficiently reduced to fit
on a given physical storage medium or to allow for streaming of that data within a
given bitstream bandwidth. Such compression schemes include Dolby Digital or DTS
for DVD, Blu-ray disc and HDTV. These encoded data streams are usually passed to
an external decoder on a home theater receiver and the decoded PCM soundtrack is
directed by wire to multiple output channels for distribution around the listening
room. Multichannel audio can also be produced and mixed on the fly by console or
PC gaming engines. Multichannel audio can also be created through a special decode
of matrix-encoded stereo soundtracks using algorithms such as Dolby Pro Logic or
algorithms based on the theory outlined in U.S. Patent Application Ser. No.
12/246,491. A multichannel soundtrack can also be produced by ‘upmixing’ a
traditional stereo soundtrack to a multichannel mix using algorithms such as Creative

CMSS-3D Surround, DTS Neo 6 and SRS Circle Surround.



connection) are typically decoded and anplified in a single piece of

equi pnent, typically a hone theater receiver 104 or a set-top box that

di st ri butwe 2ewaisossndi vi dual reproduction channel by w r edTiuseaspeaker
connection 106, as shown in FIG 1. The majority of newer mnultichannel
anplifiers avaj|able today will su rt. yp to a.maximumof 7.1 nel
output (i.e., ?Lﬁalfrlﬁltwﬁﬂaébe%é& %@%ﬂjﬂe‘@? éﬁﬁﬂlsawée@gwpof)w 8h§§??illg). Newer
wirel ess techa@d9oies ﬁik!ﬂ%wdE&fdeEl hﬁld%rﬁﬁlht?&is id %?‘ﬂﬁ%!s%ﬁé&nopfe f’i’iBHieﬁt channel s
usi ng, for instance, ? e Bl uetooth Advanhced Audio stri butl%n Profile
(A2DP) . Thipscalpprivashthedtbereceyes] Mdhe smeedorf box tasdigtitbuieswaeh mgivadwhect i ng
the main anpljfjer to the rear .| oudspeakers. O . the dat te, of hone
w el oss Gt lRy REE JORRRRER TG |0 ot B Figid: T

transm sshRjorRy dfRevidtamiRichamifel aud@ietlahdailabRr tddagt WIC Qupgdenep, tol A Many
wirel ess multi channel audi o pl ayback sol utions, only a subset of the audio

channel s BAKINYEN Of Z2dPhpnned quipit @leedgngin loysispeakenehapadie andoreyybveotesqui r e
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reproductron system Where audr o’ chanfer” si ghal s are tansmi 1t ed di gcr et el Y,
i ncr easi nghdnhels nusierfopfindtdrce] @sws Blwrusispetdansed eqdio Exstabpliaperdfilonal
increase in wreless transm ssion bandwi dth.. This ultimately |limts

f1exi bili{A213Rd ToEsaarpseachfleyigtegitheaneedfopintigthawiene eqiipeing e apain

Furt her nope lifiﬂ(‘c&‘?l‘?esﬂegrglofj chypber of channels may require replacing common
conponent s E ch as signa rocessors, digital-to-analog converters, or

anplifiers by Often]thb daraantegefitemiac yirclespankatransnaindotieguimiged drel etigr ed
mul ti changﬁol dgoco er or anplifier unit to _have |ar g@)r .cost, power .
consunpt i B %h Tt drangimissign e wo BYe @f tueionsde'or ARty s tIERE 1B

mul ti chanpgly auigl1&sd8aR-‘hAMeARMIiE! fhydaBltbRRfioAL, Solte 8 Gichse SUMYRRY & THE

| NVENTI ON This invention describes a nethod for decentralized decoding of a
mul t i chanasinnaladian b¢ graismityedb mothselst iwlglet e otheyichainebnecoped datd and

di stri but iﬁgg thE decodi.ng process between a plurality of receiving units.
This al | oW RS "rﬁ?&“‘&%&?ﬁ% and manufacture of scalabi e multichannel audio
reproduction sysi@MwibRYY MaltRRadeD alidid ryprodndden sQte@Uk Rt aGiidihehisel

conposed of a plurality of generic decoder and '
signals are transmitted discretely, increasing the number of wireless loudspeakers
requires a proportional increase in wireless transmission bandwidth. This ultimately
limits flexibility and scalability in wireless multichannel audio systems. Furthermore,
increasing the number of channels may require replacing common components such
as signal processors, digital-to-analog converters, or amplifiers by special (non
generic) components, and require the shared multichannel decoder or amplifier unit to

have larger cost, power consumption and size. Therefore, improved techniques and

systems for multichannel audio decoding and distribution are needed.

SUMMARY OF THE INVENTION

This invention describes a method for decentralized decoding of a
multichannel audio signal by broadcasting the original encoded data and distributing
the decoding process between a plurality of receiving units. This allows for the design
and manufacture of scalable multichannel audio reproduction systems having an
arbitrary number of output channels, composed of a plurality of generic decoder and
loudspeaker units each generating fewer output channels. With distributed decoding, a
manufacturer can use ‘off-the-shelf” stereo or mono signal processors, digital-to-

analog converters and amplifier components in each generic decoding module, thus



| oudspeaker units each generating fewer output channels. Wth distributed
decodi ng, a manufacturer can use 'off-the-shelf stereo or nono signal
processorwQ 2diogisvssht - t oanal og converters and anplifier cecparseno®2i283 each
generic decodi ng nodul e, thusreduci ng nanufacturing costs and conplexity
requi renents for each npdul e whi|e of erln unlimted scal ab in the
total nuniFEFCigE BIRYRAUERARME and ARRB aw]@ quregirats f%eeefh S?OJPLFe“rX“H%nti on,

a met hOd bﬁ“ex@ﬁg)nyﬂlﬂﬁ%dfs%laﬁﬁ%rfﬂdtH&{di'eQ bkt Gi*@ﬂﬁlﬁ ch@udio. The nethod
includes transmtting a multichannel audi o encoded source signal to

mul tiple decodépapdmgegsung aspecs dadie hmwmngmam ouﬂp@tlﬁhanw@bdmkwh a
position in a listenjn ir u i fromt out
Pranner i Erudisid FeltRy el ab SRt Tt whbandhalte e ke o

signal i Salhdiéi%ﬁ%ﬁéﬁniouﬁfe §1§@a10t'dtrﬁultlpfe|‘|§éliibﬁbr PRgksifNEnitsNeddhehdviisd @ﬁ“ ng
envi ronnent . Accordlnﬁhto anot her aspect of the invention, a systemis

provi ded pefpuneliannal efne positieh & @égﬁﬁ@ﬁﬁ@ﬂvmnmmhe&wtﬁmﬂml fraesthe
di stri but geho DEIREK i OfeTlihLLRAMS Adh 0 dPSRTRLS, iehE (SAED (drgader 1

oper abl e Fecel ve an 2t A St Feam an reproduce

only the ﬁidlép@ldsntgﬂalhesoﬂtpmmhhﬂﬁQI paﬁ@d&dnahwln@erd@g ansioneanm. t hat are rel evant
for an associ ated | oudspeaker signal output identified by the p05|t|on of
t he associ at edAFeméglﬁe%énoth%q athege of othg ing¢msioan de syt isoProvidet fosccor di ng

to anot heﬁlu?tﬁ)‘?lg el Qaf dtde EPQ S\Bﬁ ' PHE @ﬁrét&ﬂ’ 1n@1u'a§i| qoglsfrﬁ)u O}{ét%fk

reproducing a nu tichann 10 sig he et hod |ncIu broaéﬁastlng
via a w raiuﬁxﬁasﬁeélaemoadmdodrm mmatcheiecmar\mopdfrabineb r@ﬁmearamahmtahde

encoded audi receivin V|a a pl ity,. of stereo rel ess

recei ver selic}?g ‘iﬁ%&e‘ﬁ“*’a%‘ia&l ]y 1 ‘%Sﬁd“‘%ﬁ g?e%‘él‘hélg@?]é PprasarcHsti t ude
stereo deQ&ﬁgrmﬁﬁ%uéﬁﬁQ%wegmﬂRﬁh%nﬁm&n%h,mM&ﬁ&@dﬁo&ﬂ%a&k?%ﬁﬁélQﬂqﬁ@COdes
only the audio signals relevant for a predeterm ned position. These and

ot her f eatdgneSedry Hdvpodieeof ahe t dseoqated dowdspenkenticlbtivarte deasieringed bel ow
with reference the drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
sinplifieB°FUtti onal diagramillustrating a wired 5.1 channel surround

sound repr oductyiefRAc&Y§ihe M MdtieraspdéPopthayedseanneeibeth methad Wi bannel

for reproducing a multichannel audio signal. The method includes broadcasting via a
wireless stereo audio transmitter a two-channel phase-amplitude encoded audio
signal; receiving via a plurality of stereo wireless receivers the encoded audio signal;
and processing via a phase-amplitude stereo decoder the received audio signal,
wherein the processing decodes only the audio signals relevant for a predetermined
position.

These and other features and advantages of the present invention are described

below with reference the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified functional diagram illustrating a wired 5.1 channel
surround sound reproduction system with a DVD player connected to a multichannel
receiver using a single SPDIF connection.

FIG. 2A is a functional diagram illustrating a wireless 5.1 channel surround
sound reproduction system with a DVD player connected to a wireless SPDIF signal
transmitter and a plurality of wireless SPDIF signal receivers, each of which direct the

received SPDIF signal to a Dolby Digital decoder and directs the decoded channel



receiver using a single SPDIF connection. FIG 2A is a functional diagram
illustrating a wireless 5.1 channel surround sound reproduction systemwth
a DVD pl ayenonasnsset ed to a wirel ess SPDIF signal trans®eCriuseoianeo2as
plurality of wireless SPDIF signal receivers, each of which direct the
recei ved SPDI F signal taq Dol by Djgital decoder and directs _the decoded
channelthglat issasgeciaied aYilh the RNEH sesakeig s dbiuakarmeng DAL eh ough a
mono DAC E&gerpa%gﬁfﬁegnpl ifier. FIG 2B is a functional diagramillustrating
a wreless 5.1 channel surround sound reproduction systemw th a DVD pl ayer
connected to aFlirZ} ess f@RMDIoRalsdiggram tlluamaimgt 4 eviredassl Sal phannell sursouod

wirel ess SPDI.F signal receivers, h.of which direct. the i ved, SPDI F
ol gnal ¢ o BB gn S Hersh &l SR ey SRR TR R B R U aEe Ehnnel o
that are gasoaiatsd MPIERIE Falitel®s SPOTPRLEhaOetaVEls Raal 8f wilch\dlest thbr ough a
stereo DAC and power anplifier. FIG 3 is a diagramillustrating a

mul t i chanrestiveéSTiIF gl déma Pelby Bpgitaledecedes aidsdirdchut eitdelc dekeoded a
wrelessly transm.tted phase-anplitude. encoded.stereo signal b ans of
v w1 ol PUBTHL € RLRRE IR A ERERTES bR U PR, <L

each procesgotleCsadporacansdist ereo signal but decode only to four
channel s that are associated with the positions of the four |oudspeaker

drivers distri Blft-ebisadéegae ddestipeng p auiltighgpend decadsr systm that mplameigs 5
. o . ; :
di agram i I<1 gﬁg‘h{u@%ie&g?@e S@le &Jh?llggszfggnsﬂﬁﬁgcgﬁatse%ﬁl%ﬁmdte Qﬁ&oqem{eg%eég ] &

distribute eco awrele trans ase-anplitu coded
st ereo si hnaleahy ofreansiefesasitmmwbtot and widrbubof ikht veridal ébelspeakeckarver and
three stereo Igudspeaker units that each ontdgi n ani/i reé ess receiver and a

signal pr BRESEBPIGTHT BREMDS R odeddietaosheaniyt dsredeeonindn foppehangels ér and a
net wor k of el QUASRERKRR thel JokiRhi 2Bk @&rfl&ﬁ&sﬁéa%e?%@%r@ﬁismu@a Agfaden and

virtualize | oudspeaker positions associated wth the placenent "of the
i ndi vi duaberst@ealssgpkakears. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS

venti on. - Exahiree” g it anre o e ENsr TR TR Raehn  ne
acconpanyh aguead dsde WH Whelebl@y try@iePphaselampheidd@feddeBabrddsi i) unct i on
wh by means of a subwoofer with built-in wireless receiver and three stereo loudspeaker
units that each contain a wireless receiver and a signal processor implementing a
multichannel phase-amplitude decoder and a network of loudspeaker virtualization

filters each of which decode and virtualize loudspeaker positions associated with the

placement of the individual stereo speakers.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference will now be made in detail to preferred embodiments of the
invention.  Examples of the preferred embodiments are illustrated in the
accompanying drawings. While the invention will be described in conjunction with
these preferred embodiments, it will be understood that it is not intended to limit the
invention to such preferred embodiments. On the contrary, it is intended to cover
alternatives, modifications, and equivalents as may be included within the spirit and
scope of the invention as defined by the appended claims. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. The present invention may be practiced

without some or all of these specific details. In other instances, well known



t hese preferred enbodi nents, it will be understood that it is not intended
tolimt the invention to such preferred enbodi nents. On the contrary, it

i s intendwd2w/se8ser alternatives, nodifications, and eguirusk@ntz02as my be
included within the spirit and scope of the invention as defined by the
appended clainms. In the follown escription, nunerous specific details
are set fBEEMNIMHIYEME Sogh gcdBedin ﬁ%'fnge}bﬁrdﬁﬁae? O WHIFHGAEY R Br esent

i nventi ong . Th&RI8S&RMoni NVENtion may be practiced wi thout sonme or all of
these specific details. In other instances, well knownnmechani snms have not
been descr i bedltishodldttai notechhaeuethanttroughounthe vessay diayirgyddwrramntdnas pr esent

invention., .t oul d be,noted herein that roughout. the various . draw ngs
| e nuneickiso et ThF Ranpuy Fev sd L PRI er e Bl VRE - and

descri bedilhgir@t Nafbs fEafiles & the likehfiah © Téathe @k@nf 8al Hpaficafar foRulenyent i on.
To the extent that a particular feature is illustrated in one draw ng and

not anot h8lustrairé epenarawingondaohirahérnefcent whiere othgheise indieatest erughare e

i nherently prohibits incorporation of the featur it . 0 he under st ood
that ¢ hosteF B it Lok IR e Bofsraih orcht defirentihd bRaBGrERTS
repr esent gt thdsé hatetNeny be adiged tabe idclddseyn Wer @nbddihynts kdprsden@tied i n
those figures. Unless otherw se indicated, the drawi ngs are not necessarily
to scal e. thathefi fhgpies andl peywrdedulbniltusuatgd anithass figueesnbinleshoBrasidet o be
limting - t ' ' ut ' [ In
general , ?ﬁghgﬁéggﬁ?g?ﬁ’%%%f%ﬂﬁg%g%ﬁg%g9§m%ﬁV%#%E%%%%#héE%%é%%‘%@%%en1mhere
each spealewing awaveinndnded so pediniitiog as el dici seepd of deripvanebe banaerdnd
decodes tqe audi o signals nost relevant for that position. Each speaker
recei ves tH&U3%%e encoded data stream but only decodes/outputs the portions

of that streampssachatiRd drQeht SvRRET ipPEVideIPE GhilkiERinh¥t s;t?eﬁﬁar degoder is
configurable to produce particul ar output channels w thout deriVving any of

t he ot her whaesacT kgeakerae dedreand dis positipe aghtteub dome refaenogael datiodést the |

conpr essed, ,.stereo, ltichannel , etc. | ccordance with one enbodi nent of
e T ee oS e ma el GO ARE ik p & o B P B B sHF R
p|Ura|itYd&ﬁsﬁ%hhﬂ&ﬂ&ﬂmﬁHc&k@y@u@agomﬁﬁﬁnmﬁﬁr&?&ﬁ@@u&ﬁﬁqgﬁknﬁ&Pﬁi%@S t he
sanme encoded audi o data stream and reproduces only the audio signals

rel evant petitieth axpseiicallye ccarch spdeskie rcosfigmableoipt pipduge paricglgh Satpubf

channels without deriving any of the other ones. The encoded audio stream could be
analogue, digital, compressed, stereo, multichannel, etc.

In accordance with one embodiment of the present invention, provided are a
method and system comprising a plurality of multichannel audio decoders where each
decoder receives the same encoded audio data stream and reproduces only the audio
signals relevant for an associated loudspeaker signal output (or a subset of
loudspeaker outputs) identified by the position of the associated loudspeaker(s)
relative to some reference position.

In accordance with another embodiment of the present invention, provided are
a method and system for multichannel audio reproduction comprising a wireless
stereo audio transmitter broadcasting a two-channel phase-amplitude encoded audio
signal generated, for instance, with an embodiment of the encoder described in U.S.
Patent Application Ser. No. 12/246,491. This broadcast is received by a plurality of
separate stereo wireless receivers. The received stereo audio is further processed by a
phase-amplitude stereo decoder, such as an embodiment of the decoder described in

U.S. Patent Application Ser. No. 12/246,491, which decodes only the audio signals



| oudspeaker outputs) identified by the position of the associ ated

| oudspeaker(s) relative to sone reference position. In accordance with

anot her ewbadiomsnts4of the present invention, provided areTaScemhecsand
system for multichannel audio reproduction conprising a wireless stereo
audio transmtter broadcasting a, twg-channel phase-anp encoded audi o
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by a plurality of separate Stereo wreless recelvers he recelved stereo
audi o i s penitidrer processed by a phase-anplitude stereo decoder, such as an

enbodi nent of the degcoder |be at ent catjon Ser. No
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i nvention h rality,.of r spe uni.ts _each,contain
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as an enbpgidsgakerofirtuiiezatles aliREs GRS Prdiéd thmpéﬁc@tloH%fembreApmﬂspbak¢@n Ser.

No. 12/246,491), and a network_ of transaural |oudspeaker virtualization

filters tHan s Bwisigally RESSpHrie afsinibrarernchibe @hy e dpedig 0§ therrgprodpeing

physi cal | yi.pb qmg % 3, vicinity around the physical |ocation of the

repr oduci ng stere oudspeaker To begin, FIG2A illustrates a 5.1 channel
"hone t heat er' Tsdiegimp FIGM2ey dhytrateOYD. plcmmel Hoineotht get’ Sseaupolinyedt gi t al

streamin t 202. IS ecific odi ment he. SPDI.E dat a
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that each includes a wireless SPD F recei ver 208 which, in turn, feeds an
audi o si ghrahsnpttec@8éofhedeuitican & Dokiyyd mygatsabwdef@ochmt 20@. anthéveut put of
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loudspeaker 216 (i.e., 216a, 216b) position is output to the associated digital-to-

analog converter (DAC) 212 and power amplifier 214. Any technique may be used to

make the loudspeaker position known to the decoder 210. For example, a manual or

automatic speaker location detection technique can be implemented by the decoder

210. The receiving loudspeaker unit 206 (i.e., 206a, 206b) may be battery powered or

it may be powered by a wall power socket.

In some embodiments, two or more channels are reproduced in some DSP and
amplification units. This allows a potentially more economical use of
common/commodity stereo audio parts to be used in the system, such as stereo DACs
and amplifiers. Such an embodiment is illustrated in FIG 2B. One can extend this to
include a subwoofer 216a which may be attached to one or more of the receiver
loudspeaker units 206.

In some embodiments, the encoded audio stream transmission is wired and

distributed centrally or in a daisy chain from decoder to decoder by means of a SPDIF

signal repeater.



aut omati c speaker |ocation detection technique can be inplenented by the
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stereo matri x encoder described jn U Pat ent [ i Ser X

12/ 246, 499" S SHRYR RRISEH! ltﬁd&y31f>a§t@r68rm@ﬁrﬁa5@ag %ﬁ% bedi @cﬂ}g%
nU|t'Chanp@%n@@?ﬁ@mﬂ@ﬁ@%rQﬁonyﬁiﬁiﬁﬁuqﬂé%ﬁ&&b@ﬁn&@ﬁdﬁﬂ&fﬂ@waHﬁéngﬁﬂe been a
part of a real-tinme nmultichannel m xing engine in applications such as

i nt eract i remgadisaggte Tudichesndl tnncnge aereew Wugnabundiratk angim encodeminpe| essl y
to a netwprk of receiv n_associ at ed subset of decoders,

h
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recei ved iedrA@iv@nahffe. Ofhe resulting stereo signal is transmitted wirelessly to a network
of receivers, each having an associated subset of decoders, amplifiers and
loudspeakers. The stereo signal can be transmitted and received using analog or
digital transmission methods. Digital representations can also be compressed before
transmission using algorithms such as AAC, MP3 or WMA. The output of each
wireless receiver is followed by a DSP which implements a frequency-domain phase-
amplitude stereo decoder such as an embodiment of the methods described in U.S.
Patent Application Ser. No. 12/246,491. As described in U.S. Patent Application Ser.
No. 12/246,491, such a decoder is capable of rendering an arbitrary number of output
channels, adapting each decoded output for the position of the associated
loudspeakers. This property of the decoder results in a scalable, self-configuring,
multichannel loudspeaker playback system employing a distributed decoding method
according to the present invention.

As shown in FIG 3, the wireless stereo broadcast signal of phase-amplitude
encoded material 302 is received by multiple loudspeaker units 306 (i.e., a network of
eight wireless, vertically standing, loudspeaker bars 306b and two wireless
subwoofers 306a). Each loudspeaker bar 306b contains four independent loudspeaker

drivers 316b which can be positioned anywhere along the length of the bar. Upon



digital transm ssion nethods. Digital representations can al so be
conpressed before transm ssion using algorithnms such as AAC, MP3 or WA,
The out puwoahioamaess4wi r el ess receiver is foll owed by a D8PTatseah/opozes enent s
a frequency-donai n phaseanplitude stereo decoder such as an enbodi nent of

t he met hods described in U S -Paient | i cati %n Ser . I\g 12/ 246, 491. As
descr i bed!SCRiVEEshe BEFOAYIrAR S &at iBoHENBE PLOCRESOr 18) b £ bgaded &l ahbase@bcoder s
capabl e of,dhapfRh r&dgﬁaﬁt{rma} LAP¥mRHIT G e REnQMldHin gh%@rb%a;ﬁim@edﬁafeb ng each
decoded output for the position of the associ"ated | oudspeakers. This
property décotltre 3deceoddr ay @sutmbodimest ot ahabhahodseléscoberd inguld iSndPatent

mul ti channel ..l oudspeaker ck_system.e ing a distributed decoding
met hod acg‘BP]d?ag‘ﬁnfS%rflﬁ% bﬁé@%g | ﬁ@‘éh_fi?céjﬁ?r%&é S A Sﬁ'@ é g),urtol"i‘g)ﬁ rel ess
stereo bregfaastssidaprl of cahasadpeildr t3udeiengosied 8B Reatdn ROKivkSor ecei ved
by nmultiple | oudspeaker units 306 (i.e., a network of eight wreless,

verti cal | theslisgangi.nthe PSHdspremk@erchae ieadoty kv these widieldeadslowddpatist er s

306a). Eacgh.l oudspeaker r. 306h, cont ai ns . four i endent, | oudspeaker
ariver s SEMaRRC AR pEBesrittyt SRRl R ek DB PP Y SRR b

Uponr ecei sietigdt femahedl e Wt6aht®s salfirgiadl meassegaal udioaessanlly hdced s
enbedded at the base of each vertical |oudspeaker bar inplenents a

f r equencyMdgRRiMepHEEEN S| Methads of efedertiBacthgepos®ian of fgh deudiRedithodi ment
f th i i i j . 246, 491.
of the neyg?tg@lgﬁsﬁerﬁ@ﬁ d '()ﬂleluerﬁboﬁﬁ'lteﬁm 1FARP idﬁfl%éaﬁg r@%grogygr,e %1%&1%@@

Each deco generates a set 0 our output” si apted for
each | oudspeakeer Glfofe veetical 3diiapeaRdbbyrs laccatriodicet ethatuseecdnaretdidbrdte st ener .

The DSP system therefore_needs to kpow.these .individual |oud aker

posi {1 ons FriYHEPARCE- B! HECBUTHESE A ﬁl%fl@ﬁocmeeﬁ, A Sdvpedsrs 96 ggan be
done by sQue;,BRidQFe10ds ROy Akeal, dedtdp Bk Ce1&@nt vk nCPATHAIGURAL USIing a
centrally placed m crophone. Alternative nethods of detecting thé position

of each | oudspbakene |eotatlinnmts ahebeis us edaller @t haeger erdpdic g nosdspedket he
i i f,fewer or nore vertic | oudspeaker

| oudspeaker positions ar i fied or I

bar's are FREPSBuLSR o fish, Barnsalit, B A0oh: BSPa TDLE alFbHalb stf for t he
changes. bmbbdiinen@MRdyEBM contpMies H RWANEEH S aRRE Aumbe0of &BRIcvRrE BE6AM I el ess
stereo stream decoding the relevant |owfrequency signals only. In sone

enmbodi menB%a.there is a smaller or |arger nunber of |oudspeaker elements

316b on each | Pnugosrgg %ﬁl%[)di%?ernts?’Ql?ebreppo%g{-iobrll gys?erﬁ iisn 96':1? cgrllf‘iegql%%tg'inltﬂatsi?ne
can sense the initial setup, addition, removal or malfunction of decoder/loudspeaker
units and specify or re-specify the parameters of each of the units in the system as a
result. That is, the system can self configure based on the position and number of
speakers present. Any technique may be used by the DSP system to detect speaker
location. For example, speaker location detection techniques may include use of an
acoustic calibration test, machine vision technologies, IR, cameras, wireless receiver
triangulation, or simple channel labeling (FL, C, FR, SR, SL, etc.).

In another embodiment (illustrated in FiG 4), in which the source material is

the output of a phase-amplitude 3-D stereo matrix encoder such as described in U.S.
Patent Application Ser. No. 12/246,491, the broadcast stereo signal 402 is received by
one or more stereo loudspeaker units 406 that each contain a stereo wireless receiver
408, an embedded signal processor that implements a frequency-domain phase-
amplitude decoder 410, such as described in U.S. Patent Application Ser. No.
12/246,491, and a network of transaural loudspeaker virtualization filters 420 that

collectively provide the perception of more loudspeakers than are physically present



enbodi nents, the system conprises a snaller or |arger nunber of subwoofers
306a, 316a. In sone enbodi nents, the reproduction systemis self
configuriwgQ2oro/ashests it can sense the initial setup, addipCramsoweeasal or
mal functi on of decoder/| oudspeaker units and specify or re-specify the

paranmeters of  each of the unjts in the systemas a result. That is, the
syst em call' ¥&IMYCBATIY HceP a6 hel g‘ﬁerPIEOE}HCl%dteuﬁ?ﬂrLPé’PSRﬁ‘Pﬁ%fngRer s
present. AQ¥oHECRRAUR-ATBYIRE P BE dW¥ishbe al?és'?m?l/e?ﬁe%@dt Qs_iﬁl%tﬂ?ﬁchleﬁﬁ)%@ker
| ocation. For exanple, speaker |ocati c%n detectron techni ques nmay include

use of andescobetindU SaPatbontadpivatiesber. Mac hl/885.403% iSonh hegtemlipdluesated R,
caneras, W S ecei ver triangul ati.on, or si e chapnel. | abeling (FL,
SRR B0 Fo S el e, BBl ey TR B E P T
whi ch t hejcuayeaRerBi€0cecbdestdBoMUeR Utroftiri ht PR&TQARE! sideUdR add it er eo
matri x encoder such as described in U S Patent Application Ser. No.

12/ 246, 491tightt gearsebadd ade stseqiated spigeessod peripuny additipedl pypcetséngothator e

stereo | oydspeaker Hnlla 408, INALEACH GONLALD & RESL §G, WLe|eRsLpcel ver
408, an enbedded srgnal  processor at 1T nplenents a frequéncy-dondi n

phaseanpl kittideatdRE odedet 43687 43D @Ringshél 666 bhixechl iffdntlcadsfRaka@ndand@ilercat i on
Ser. No. 12/246,491, and a network of transaural | oudspeaker virtualization

filters 4%betiequeaey-fempiny ohgsepiorlitaée tdreodr cépt popcigrd npid [tudspeaker s
than are %@eﬁﬁ&' diPUESE AL @hgéﬁyt%ﬁng?ﬁm@&m C@'a?llﬁei%%h' fQ _of the

r epr oduci ng ereo | oudspeaker. net transaur a ters can be
desi gned assdcibtepl poent@dpartirmg dddéionet podtsssiies drat bedudlizeesch Badoelnd
Application Ser. ., 11/ 835, 403. Such a.system.is illustrated in FIG 4. In
this exanpla@nck tﬁéw%ﬂs%@d%vwé%a Felsclinienes SRR Boihs SEACHRAHSIRETF £ ont

| oudspeakgy, gﬁiygicélo_ﬁmagﬁgfé&straqshﬁ% -b8¥d thd 1RRheri Hahd. ThOMeqwERLLT |
side-left and Sideright channel and the associ ated processor perforns

addi t i onaflopringiesi-mgplited¢ dedadeudl § zssciewmd hwitke tededk dvalspedkes igihdDot o t he

desired sitions for .a, singl i stener siftti t.the."sweet spot" 422
o ng-t nedegen Ayareisre pRete o pds et Stk e dof sk e BARRL Bbs - domai n
phase- anphdsbeided daeades:r Fekfbras seeit@ingd pydckititd ehak ORrthDUES REAK@EcIdBHt 406
decodes a top-left, top-right, and top-center channel and the associ ated

pr ocessor cipanelotonthe slgsiradi pasiionsriec asyighgylisthagr sitting @hithe, éaveshertdédédded
g\?\gg?gl EQuih h?hedtte soi Ir)ﬁay%icgpFoiutdisp%gkgrotgan%dusciepsg‘tl)e%irllci ﬁl%‘elps?gne?si ﬁetaid.n'ghea%mtﬂtc]e
pot “USfng the
of this full network of virtual loudspeakers yields a sense of being surrounded by an
array of individual loudspeakers that is larger than is physically present. Since both
the front and back loudspeaker units virtualize the side-left and side-right loudspeaker
locations, the gains of the side channel outputs of the front and back decoders can be
power-normalized in each corresponding decoder.

In some embodiments, the top loudspeaker unit is not present and the phase-
amplitude decoders 410 associated with the front and back loudspeaker units 406 both
render the top-left, top-right, and top-center channel signals. The virtual loudspeaker
virtualization block for the front and back loudspeaker units now also implement
virtual top-left, top-right, and top-center speakers. Since, both the front and back
loudspeaker units virtualize the top loudspeaker locations, the gains of the top
channels outputs of the decoders can be power-normalized. In some embodiments, a

greater or lower number of loudspeaker units 406 are present, each rendering a greater

or lower number of virtual loudspeaker positions.



two physical |oudspeaker transducers above the listener's head. The
frequencydonai n phase-anplitude decoder 410 associated with the back

| oudspeakwo 201V8085@6 decodes a back-1eft, back-right, backAsenme(283
side-left and side-left channel, and the associ ated processor perforns
additional pro sing that virtualizes each decode hannel to the desired
positions for ﬁ@wﬁ} &hq fUPeag 18YEntionghast E?qﬁledewg@f 18 igme 4ol lof ng t he
two physi E@slrpoée@%sa bt hﬁd’c@é&’rﬁﬁﬁ%% Qﬁﬁ'l&daﬁé}?eﬂt'tﬁﬁte&@faﬁl Ufdfle; The result
of this full network of virtual |oudspeakers yields a sense of being

sur r oundethobificanomsr rmaay die | prakticed uadithinoutls peaiper sf t that appended gelninihan i s
physi cal | resent.. Since both the fron nd back | oudspeaker unit
ViTtuali 28 RHEME T B BIARISH GRY 19 BE GOBRAKED A GUETTNG S gai ns of
the side gRaRnet, MUtReSetfiod Rendt t®BE lialikdhRacke dasiRdeksn B&BinDBut may
pomer-nornallzed in each correspondi ng decoder. In sone enbodi nents, the

t op | oudspealedifiednyithip thersgpppandsagnivatents afike pitpgsdedngdtinsude decoders 410
associated with the front and back | oudspeaker units 406 both render the
top-left, top-right, and top-center channel signals. The virtual

| oudspeaker virtualization block for the front and back | oudspeaker units
now al so i nplenent virtual top-left, top-right, and top-center speakers.
Since, both the front and back | oudspeaker units virtualize the top

| oudspeaker | ocations, the gains of the top channels outputs of the
decoders can be power-nornmalized. In sonme enbodi nents, a greater or |ower
nunber of | oudspeaker units 406 are present, each rendering a greater or

| ower number of virtual | oudspeaker positions. Although the foregoing

i nvention has been described in sonme detail for purposes of clarity of
understanding, it will be apparent that certain changes and nodifications
may be practiced wthin the scope of the appended cl ains. Accordingly, the
present enbodi nents are to be considered as illustrative and not
restrictive, and the invention is not to be [imted to the details given
herein, but may be nodified within the scope and equi val ents of the
appended cl ai ns. CLAIMS What is clained is: 1. A nethod for reproducing

mul ti channel audio, conprising: transmtting a multichannel audi o encoded
source signal to a plurality of decoder processing units each having an
out put channel with a position in a |listening

10



envi ronment, wherein an output signal fromthe output channel is determ ned
by the output channel position while the source signal is independent of

t he out puwochewviseds4positions in the |istening environmerCI/UZ2010l2028%t hod of
claim1l1, further conprising: receiving the nmultichannel audi o encoded

sour ce si gnal Ei thg plurality of decoder processing units; and decoding
the mul tichann 0 encoded source signal in determ ning and generati ng
the output signal. 3. The nethod of claim2, further conprising: converting
the output signal into a different signal type. 4. The nethod of claim 3,
further cthptissiditgedéniplifying the converted output signal. 5. The nethod
of claim2, further conprising: virtualizing the output signal. 6. The

nmet hod of claim 1, wherein each output channel position corresponds to a

| oudspeaker pos$jAingthddfol Fprddusingnhulgclesmvelr g Bdmprsing:he nmet hod of cl ai m
1, wherein the nultichannel audi o encoded source signal is 2-channel
encoded mat er i HpNSTgttingng Mwfipkingl aydiaj speodednprires AIEPAet2 2cHEMNE %&ncoded

materi al | = ' eripal: 9. T hod of
o m 1, L O R R P VRt pidorn { IRREL
anal ogue sngroament peherdif) an Tuepuirsigheldfrah the aitpud chanhelrigidatetiemedibyt the hannel

audi o encoded source signal .js a digital signal type. 11. A systemfor
ol t 1 chan RIPOLSTEE meat BB Ut oHE Seisf sTear iy Tauae dehF BEHE P HadrRrebr
nul ti chanp&ditigiidh enedt Svwshenieach decoder is operable to receive an
i dentical encoded audi o data stream and reproduce only the audio signals

from t he encoded Thedhashetholclsinr bfmthdraomprisingel evant for an associ at ed
oudopeater ! ek R % EFR] BTy BirhRg, REALS ghacly HheoRATRF 7 o

decoder processing units; and

decoding the multichannel audio encoded source signal in determining and
generating the output signal.

3. The method of claim 2, further comprising:

converting the output signal into a different signal type.

4. The method of claim 3, further comprising:

amplifying the converted output signal.

5. The method of claim 2, further comprising:

virtualizing the output signal.

6. The method of claim 1, wherein each output channel position corresponds
to a loudspeaker position in the listening environment.

7. The method of claim 1, wherein the multichannel audio encoded source
signal is 2-channel encoded material.

8. The method of claim 7, wherein the 2-channel encoded material is 2-
channel phase-amplitude encoded material.

9. The method of claim 1, wherein the mulitchannel audio encoded source
signal is an analogue signal type.

10. The method of claim 1, wherein the multichannel audio encoded source
signal is a digital signal type.

11. A system for multichannel audio reproduction, comprising:

11



12. The systemof claim 11, further conprising: a network of transaural
filters for virtualizing the reproduced audi o signals, the network of

t ransaur avof2oiorososs4bei ng coupl ed to the distributed networkisedioned28s channel
audi o decoders. 13. The system of claim 11, wherein the distributed network

of multichannel audi o decoders_are inplenented in a wireless setup. 14. The
system of cl ai mdisf;lbwgp%ﬁwﬂf ﬁéﬁm?%%hgﬁ%ﬁta@ 1onEACRETR VT HERD A9EMHEF audi o
decoders gr&,i1BR) ¢ARMNLth IddnAcaM dnBHICIHAR ddR strlhE a?ﬁflsxfegf@d%e Ghigide 11,

wherein the 1dentified positions are determned prior to reproducing the
audi o si gmalig sigh8ls fidme tleystcededhudid dntm shtamvthatr ae melevemt fod 40 ohaniatedd audi o

decoders are freguency-donai. ase-anpl i tude decoders.. 17.. The st em of
o m 11, Rifsieakel TR chltnafeBuaR oo ARaP LT Bt T Sos3eiafAdndPediiE oded
mat eri al . relfivedo AREBRAC positi@pr oduci ng a nul tichannel audio signal,
conprising: broadcasting via a wreless stereo audio transmtter a

t wo- channel phasedhpsystanie! dpobdbdushaticompiigingl ; receiving via a plurality

of stereo wireless receivers encoded .audi o signal : .and processing via a
phase. anp! it ua RRerLs tooual g T aday Y e s s Ao RS TR 1

processi ngetdecodesa3aly files dulic@otplgied therddtav@dd nE®orkd op rextietherndl ned
position. 19. The nethod of claim 18, wherein the decoded audio signals are
det er m ned'dB9 degpdessosi ti on of at | east one | oudspeaker relative to a

reference posi i . 0 'Thﬁ ggs%ten-{ %‘? cfﬁ%hqqd\xffdgre Ehie is]tgbut}é\@ 'ﬁét@xjo?k 8?‘ﬁﬁlt%?lﬁlgl%?r s

COUp| ed to a networ transaur afl oudspeaker virt ualizat1on processors.
audio decoders are implemented in a wireless setup.

14. The system of claim 11, wherein the distributed network of multichannel
audio decoders are implemented in a wired setup.

15. The system of claim 11, wherein the identified positions are determined
prior to reproducing the audio signals.

16. The system of claim 11, wherein the multichannel audio decoders are
frequency-domain phase-amplitude decoders.

17. The system of claim 11, wherein the encoded audio data stream is a 2-
channel encoded material.

18. A method for reproducing a multichannel audio signal, comprising:

broadcasting via a wireless stereo audio transmitter a two-channel phase-
amplitude encoded audio signal;

receiving via a plurality of stereo wireless receivers the encoded audio signal;
and

processing via a phase-amplitude stereo decoder the received audio signal,
wherein the processing decodes only the audio signals relevant for a predetermined
position.

19. The method of claim 18, wherein the decoded audio signals are determined
by the position of at least one loudspeaker relative to a reference position.

20. The method of claim 19, wherein each decoder is coupled to a network of

transaural loudspeaker virtualization processors.
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