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Distributed Spatial Audio Decoder

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to surround sound decoding and distribution

techniques.

2. Description of the Related Art

Multichannel audio reproduction typically uses a plurality of loudspeakers
distributed around a listener, or group of listeners, to convey a sense of immersion or
envelopment from a reproduced audio recording or soundtrack or an artificially
rendered acoustic event. Multichannel audio was first popularized in movie
soundtracks. Movie theaters use a network of loudspeakers distributed throughout the
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.
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wirelessly, while the other channels require wired loudspeaker connections. . )
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
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encoded audio data stream and reproduce only the audio signals from the encoded
audio data stream that are relevant for an associated loudspeaker signal output
identified by the position of the associated loudspeaker relative to a reference
position.

Yet, according to another aspect of the present invention, a method is provided
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
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FIG. 3 is a diagram illustrating a multichannel decoder system that implements
a distributed decode of a wirelessly transmitted phase-amplitude encoded stereo signal
by means of two wireless subwoofers and a group of eight vertical loudspeaker bars
that each process the same encoded stereo signal but decode only to four channels that
are associated with the positions of the four loudspeaker drivers distributed along each
vertical loudspeaker bar.

FIG. 4 is a diagram illustrating a multichannel decoder system that implements
a distributed decode of a wirelessly transmitted phase-amplitude encoded stereo signal
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



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 receiYe@s28@B854vhich direct the received SPDIF signal to a Dolby BSidife$49é¢/8¢E8and directs
the decoded channel that is associated with the connected loudspeaker driver through a mono DAC

and power aﬂi@iﬁ%ﬁsms Hik%-r_%@ Rénfungtinnal Hf%ﬂ‘iﬂlléﬁH&t?HQtQd"ﬁ&ﬁl@&%é;rll(}hﬁﬁ@&'eswound
sound reproduction system with a DVD player connected to a wireless SPDIF signal transmitter and a
plurality of wilg|BEseIPHEHi§Aal receivers, each of which direct the received SPDIF signal to a Dolby

Digital decoder anddigReis aPakd %Félﬁecﬁa‘fhﬁfHﬁ%ﬁ?oﬁﬁ%@rgaﬁ%%‘écd%%ﬂn%“m@eHﬁiﬁﬁhﬁ@n”eCted
loudspeaker drivers through a stereo DAC and power amplifier. FIG. 3 is a diagram illustrating a

multichannel et &Ibke R thig FAPRmMERY R g dittieaterddessribedibsreis grerdrishifted

phase-amplifydg.ercoges.steraarsioppliRyimeansof tondreless skhwopiaie andaa.grrup of eight
vertical Iouds;i)eaker bars that each process the same encoded stereo signal but decode only to four

channels that!BrEHed driane S RMNG 810 GRS B X FE DT YIRS SEREY i iiRCHS Hrsk e it &long each

vertical loudgpegigERal inhe @y $istavHiagiaspHstisg ddnuiichann gl deeedeldsystm that
implements a distributed decode of a wirelessly transmitted phase-amplitude encoded stereo signal by

means of a BB fSARH UMM RFirdRRisd e divdrerdethiBehasmaBadinfipie skEtffted it each

contain a wikglestEeqeivessand & sapalBroaasolmpirsenting R muliiehanarkphaga-wmaplitude
decoder and a network of loudspeaker virtualization filters each of which decode and virtualize

loudspeaker PoSriehsthe Ssrvdnes Mt HidsatBRdHosrHe indidimFriesripeidedrgn the

drawings are not intended to be limiting as to the scope of the invention but merely
illustrative.

In general, the present invention provides a multichannel speaker system
where each speaker is aware of its position relative to some reference and decodes the
audio signals most relevant for that position. Each speaker receives the same encoded
data stream but only decodes/outputs the portions of that stream associated to its
position. Specifically, each decoder is configurable to produce particular output
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
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transmitter 204. The data stream is received by a subwoofer unit 206a and five
loudspeaker units 206b that each includes a wireless SPDIF receiver 208 which, in
turn, feeds an audio signal processor executing a Dolby Digital decoder 210. The
output of the decoder 210 is adapted such that only the audio channel pertinent to the
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.



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 W2 UHIFEbroduces only the audio signals relevant for an asB6&1ARG100HBEéaker
signal output (or a subset of loudspeaker outputs) identified by the position of the associated
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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



In some embodiments, two or more channels are reproduced in some DSP and amplification units.
This allows a potentially more economical use of common/commaodity stereo audio parts to be used in
the system, WGcHH4¥0808pdo DACs and amplifiers. Such an embodiment is iIREWARI I RIZBB. One
can extend this to include a subwoofer 216a which may be attached to one or more of the receiver
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positions in advance of decoding the stereo wireless signal. This can be done by some
method of manual or automatic calibration measurement using a centrally placed
microphone. Alternative methods of detecting the position of each loudspeaker
location can be used in other embodiments. If the loudspeaker positions are modified
or if fewer or more vertical loudspeaker bars are introduced, the user can recalibrate
the system to account for the changes. In this embodiment, two subwoofers 306a also
receive the wireless stereo stream, decoding the relevant low-frequency signals only.

In some embodiments, there is a smaller or larger number of loudspeaker
elements 316b on each loudspeaker bar 306b, possibly a single element. In some
embodiments, the system comprises a smaller or larger number of subwoofers 306a,
316a.

In some embodiments, the reproduction system is self configuring in that it
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



In another preferred embodiment, the source material represents the streamed or stored output of a
phase-amplitude 3-D stereo matrix encoder described in U.S. Patent Application Ser. No. 12/246,491.
The encodeW 08Ty have originated from a discrete multichannel mdRGd/¢RHE/ M08 sic
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12/246,491, such a decoder is capable of rendering an arbitrary number of output channels, adapting
each decoddBButthANeR e HobRiors U ASBERGETRT | AGESpEaK erslitiphal pRIpeF byiBE thBdblecoder

results in a sgalghiee selfcraniiguragnanstichiannetdoudsReakerfJavback systemeRMRIRYg a
distributed decoding method according to the present invention, As shown in FIG 3, the wireless

stereo broadd{Et&siiaf of WRasERam it i B ba sy hrilterict SNt pidsRrs oy it foudspeaker

units 306 (i.erha eyl RIghivirglessanplicRlly d@rding doudaprrkaedatsB0Ghandgwo wireless
subwoofers 306a). Each loudspeaker bar 306b contains four independent loudspeaker drivers 3166
which can b@ﬁ%@ﬁéh@d%%%@ﬁ?&ﬁ@ thieRskdtn tBPtHéIBaﬂIUp%ﬁ‘f“@&é%iﬁ]@aﬂ{@]s?é%‘éé}\ﬁ/ireless

signal, a sighalRiagespesdhabis gmbeddedatifinbassafaachiericatiaudspasiesdeaninplements a

frequency-domain phase-amplitude stereq decader 310, such as an embodiment of the methods

described indh28ne dteHieadssiredieesidan b asimslss ineneae sitfingetbtisr i RAratRe Bset of four
output signaig;s1ghpaaptesutapeadh laudsnrakeraBbodi@e Ikemedkohdacation reigtivecto the

listener. The DSP system therefore needs to know these individual loudspeaker positions in advance

of decoding fR5"aiB R iR L g riacerdss tihasscaird pyitb e haekhirdsikstardr Hiomatic

calibration mrasysementIiTy dLeniially plreesknielQRhoRe: AMterativermatheds ahdatrcting the
position of each loudspeaker location can be used.in other embodiments,_ If the loudspeaker positions

are modified®SHIFRIGEPEIGHERE PEHINAM foBUSHORRE PR SRR it dVIEBA! iR GaER HFElibrate the

system to acgRuAtIfab the changepolitibis embodinantidwresunvweoiarshd06a alsagecene the wireless
stereo stream, decoding the relevant Iow-frequenc%éignals only. In some embaodiments, there is a

smaller or laf§EiEnimbE? ShtE JeukRealeih BAtSHESH SisuadHhs disgsak et SisstsBlissibly a
single elemestt i FaMaewlRAGMERis] tha SYSIEIereGRRIISESch STllesi 08 kgt isd berof
subwoofers 306a, 316a. ., In some embodiments, the reproduction system is self configuring in that
it can sense HdYlidPdatdyabifndine ﬁﬁo%ﬂf oF IREREGARER ASTR éb?f’ié’r%?ﬁ&%eé‘%? L]i’r?qtg and

specify or retspecify ine parkmeBizaieachtol thealiadste i -systen asamgatloutipéitethe system
by the DSP 10Tt LS HLA A ARBIT -G B D DR A GBI CEricucs.
may include pisecofhamanbieatia eadibtatiarfesdimarkingvision technologies, IR, cameras, wireless
receiver triangmaﬂ(}rrlhs%;nsci rgl[l)llgogpnallggg,l lc%g ec!)igqo(lﬂ's'pgdk'érR ﬁrlsl'[R fsSnLo’t eptr%gént 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.



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 WiEe2B1/888a4t stereo signal 402 is received by one or more steP€d1BSRISHEER units 406
that each contain a stereo wireless receiver 408, an embedded signal processor that implements a
frequency-domain Elht'ﬂ}ﬁﬁrg}{nnguﬂﬁe%%ﬁ%%éé{?io%@ﬁsa%é@ﬂ%%éﬁu&-sBﬁ‘f@rHe‘%s{?P%@t'Qn Ser.
No. 12/246,491, and a network of transaural loudspeaker virtualization filters 420 that collectively
provide the pafeepioffofiHée MutigresRBi Rl 3rl Prry STRRIRF Hréb¥nesHYiRi sy RSuARthe physical
location of thﬁdﬁﬁ&%ﬁ@%&?%‘%ﬂ%@&%&ﬂﬁ “%{WOEK%U@?SQ%M J’gfﬁe‘iﬁi&@n dgifgsigned and
implemented using the methods described in U.S. Patent Application Ser. No. 11/835,403. Such a
system is mdéwﬁm Yo PHsSERs eRARtHBchte PAdeebanphtitracdead dBE Y ¥ 8Eidiet with the
front loudspeglae il 409 @iecadesdirankdett Bomimiahi .ot aeniel 3ida-infiandside-ight channel

and the associated processor performs additional processing that virtualizes each decoded channel
signal to the@é@ﬁékﬁﬁ%ﬁﬂi@ﬁé% BYRGRARIBhSIRg he dRPeagrskelaiBt: 422 using the two physical
front loudspeaker transducers. The frequency-domain phase-amplitude decoder 410 associated with
the top loudspeaker unit 406 decodes a top-left, top-right, and top-center channel and the associated
processor performs additional processing that virtualizes each decoded channel to the desired position
for a single listener sitting at the sweetspot using the two physical loudspeaker transducers above the
listener's head. The frequency-domain phase-amplitude decoder 410 associated with the back
loudspeaker unit 406 decodes a back-left, back-right, back-center, side-left and side-left channel, and
the associated processor performs additional processing that virrualizes each decoded channel to the
desired positions for a single listener sitting at the "sweet spot" 422 using the two physical loudspeaker
transducers behind the listeners head. The result 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. Although the
foregoing invention has been described in some detail for purposes of clarity of understanding, it will
be apparent that certain changes and modifications may be practiced within the scope of the
appended claims. Accordingly, the present embodiments are to be considered as illustrative and not
restrictive, and the invention is not to be limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims.
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CLAIMS

What is claimed is:

1.

10.

1.

12.

13.

14.

A method for reproducing multichannel audio, comprising: transmitting a multichannel
audio encoded source signal to a plurality of decoder processing units each having an
output channel with a position in a listening environment, wherein an output signal from
the output channel is determined by the output channel position while the source signal
is independent of the output channel positions in the listening environment, and each
output channel position corresponds to a loudspeaker position in the listening
environment.

The method of claim 1, further comprising:

receiving the multichannel audio encoded source signal by the plurality of decoder
processing units; and

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

The method of claim 2, further comprising: converting the output signal into a different
signal type.

The method of claim 3, further comprising: amplifying the converted output signal.
The method of claim 2, further comprising: virtualizing the output signal.

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

The method of claim 6, wherein the 2-channel encoded material is 2-channel phase-
amplitude encoded material.

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

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

A system for multichannel audio reproduction, comprising:

a distributed network of multichannel audio decoders where each decoder is operable
to receive an identical encoded audio data stream and reproduce only the audio signals
from the encoded audio data stream that are relevant for an associated loudspeaker
signal output identified by the position of the associated loudspeaker relative to a
reference position, wherein the identified positions are determined prior to reproducing
the audio signals.

The system of claim 10, further comprising: a network of transaural filters for virtualizing
the reproduced audio signals, the network of transaural filters being coupled to the
distributed network of multichannel audio decoders.

The system of claim 10, wherein the distributed network of multichannel audio decoders
are implemented in a wireless setup.

The system of claim 10, wherein the distributed network of multichannel audio decoders
are implemented in a wired setup.

The system of claim 10, wherein the multichannel audio decoders are frequency-
domain phase-amplitude decoders.
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15.

16.

17.

The system of claim 10, wherein the encoded audio data stream is a 2-channel
encoded material.

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

The method of claim 16, wherein each decoder is coupled to a network of transaural
loudspeaker virtualization processors.
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