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A well recognized shortcoming of two-channel stereo listening is the collapse
of the sound field as one moves away from the ideal central "sweet spot". Central
signals appear to come from the loudspeaker closest to the listener rather than from a
point between the loudspeakers of the two channels. One known way of avoiding or
reducing this problem is to use a third center channel; however, three-channel source
material has not been very common.

Another known way to reduce this problem is to apply a logic matrix decoder
to a two-channel source to derive one or more additional signals including a center
channel signal. A Dolby Pro Logic decoder, for example, accepts two input signals
and derives left (L), center (C), right (R) and surround (S) output signals. The Pro
Logic II decoder derives L, C, R, left-surround (Ls) and right-surround (Rs) output
signals from a two-channel source and is intended to work with either Dolby
Surround encoded material or conventional stereo recordings.

It is well established that a key benefit of Pro Logic surround decoding is the
center-channel output that improves the stability of central signal images for listeners
seated off the central axis of the loudspeaker system. This benefit is equally available
in the simpler 3-channel (L, C, R) matrix decoding system known as Dolby 3 Stereo.

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



-2 Asimlar benefit may be obtained for surround channel signals by
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| i mi t at | derdty of the vocal signals, in most cases the vocals are intended to be perceived as

emanating from the center of the soundstage. For those mixes that place vocal and

20  other central signals into the L/R channels rather than the center channel, sound field
collapse will still occur for listeners that are not situated in or near a central listening
location.

For listeners seated off-center, a mix with vocal signals only in the center

loudspeaker will impart an aural image of the vocal signals closest to center of the

25  soundstage independent of listener location. As the center channel is used
proportionally less, the vocal image shifts towards the listener's location. This is
similar to the problem already described for two-channel sources; however, the
solution to the problem is complicated by the presence of the center-channel signal. A
5.1 channel program with vocal signals in only the center channel can preserve a

30  central aural image despite listener location and does not need any further
modification. A program that uses only the L and R channels has the same limitations
as standard two-channel recordings, and programs that place vocal signals into the L,

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



as standard two-channel recordings, and prograns that place vocal signals
into the L, C and R channels will produce central aural inmages having
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processor, and having an output that provides a signal representing a combination of
the center-channel input signal and the center-channel processed signal; and a
20  plurality of output signal paths including a first output signal path coupled to the first
output of the signal processor, a second output signal path coupled to the second
output of the signal processor and a third output signal path coupled to the output of
the signal combiner.
According to another aspect of the present invention, an audio decoder
25 comprises a plurality of input signal paths including a first input signal path that
conveys a lefi-channel input signal, a second input signal path that conveys a right-
channel input signal and a third input signal path that conveys a center-channel input
signal; a signal processor having inputs coupled to the first, second and third input
signal paths and having outputs that provide processed signals derived from a mix of
30 the lefi-channel and center-channel input signals and a mix of the right-channel and
center-channel input signals, wherein a first output provides a left-channel processed
signal, a second output provides a right-channel processed signal and a third output

provides a center-channel processed signal; a plurality of output signal paths



signal paths and having outputs that provide processed signals derived from
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Fig. 2 is a block diagram of a multichannel audio decoder that redistributes
center channel signals.
Fig. 3 is a block diagram of a multichannel audio decoder with a hybrid
discrete/matrix 3-channel processor.
20 Fig. 4 is a block diagram of an audio decoder for a matrix-enhanced five-
channel system.
MODES FOR CARRYING OUT THE INVENTION
More particular mention is made of "vocal signals" and "vocal images" in this
disclosure because musical programs of two or more channels typically are designed
25  to present these types of signals at the center of the sound stage. The present invention
may be applied to any type of signal and is not limited to vocal signals. References
herein to vocal signals and the like should be understood to refer to any type of aural
signal that is intended to be presented at or near the center of the soundstage.
One implementation of a system that can provide a stable central aural image
30 is illustrated in Fig. 2. In this implementation, the C channel signal is distributed or
mixed into the L and R channels to provide a two-channel signal. The vocal signals
pre-existing in the C channel are mixed into both L and R channels at the same level.

The resulting two-channel signal is then processed to derive three channels (L, C and
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signals that are added to the original Ls and Rs channel signals. This technique can be
used to enhance the spatial effect of a program without causing any leakage of the
20  original surround channel signals into the front channel signals.

The several figures and associated text omit various aspects that may be
important in a practical implementation but are not needed to describe the present
invention. For example, an implementation of the decoder component shown in the
figures may introduce a phase shift or time delay in the signals that it processes. In

25 such cases, a preferred implementation includes delay elements or other processing
components in direct signal paths so that phase shifts and time delays for all channels
are identical or substantially identical. Referring to Fig. 4, for example, components
that provide an appropriate phase shift or time delay may be inserted into the signal

paths for the C, Ls and Rs channels at a point prior to or "upstream" from the

30 summing components.



i nvention. For exanple, an inplenentation of the decoder conponent shown in
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15 and the third output of the signal processor, and having an output that provides
a signal representing a combination of the center-channel input signal and the
center-channel processed signal; and
a plurality of output signal paths including a first output signal path
coupled to the first output of the signal processor, a second output signal path
20 coupled to the second output of the signal processor and a third output signal

path coupled to the output of the signal combiner.

2. The decoder of claim 1 wherein the signal processor is implemented by a

logic matrix decoder.

25
3. An audio decoder that comprises:
a plurality of input signal paths including a first input signal path that
conveys a left-channel input signal, a second input signal path that conveys a
right-channel input signal and a third input signal path that conveys a center-
30 channel input signal;

a signal processor having inputs coupled to the first, second and third
input signal paths and having outputs that provide processed signals derived

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



25 3. An audi o decoder that conprises: a plurality of input signal paths
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i th ht - | i
and !9 1 ogic 1% FFH.? Bg‘i?dﬁlg%fgflé"g?‘ %%3?1??8‘6' AR PERRESTOSS TP %BFIIHE‘?EY 8f the first

and secopfl §i%ﬁ£l%mb%?ﬁa@%f®ide§ thd e SREORALcHAfind1ANd @8Re0éhagh@i M5 1 through
4 wherein: the plurality of input signal paths includes a fourth input

si gnal papht sigaals byacomhiningythe efischanoelndd c¢rdemdiannel paput siggalal a secped pl ural ity
of signal., processor .outputs i,nclud a.fourth output that tovides a
surr ounq§lgﬁ%}ﬁﬁm 1n&F g@gggoéfﬂj%éit 50 h‘asﬂglﬁbc&ﬁ%}ei ﬁlé(g%eenlterécﬁl AR 18 bi ner
havi ng i gRRAIS b¢ ebMbRehg! tBe FiBBt-channel and center-channel input signals, and a logic
15  matrix decoder having inputs coupled to outputs of the first and second signal

combiners.

5. The decoder of any one of claims 1 through 4 wherein:
the plurality of input signal paths includes a fourth input signal path
20 that conveys a surround-channel input signal;
the plurality of signal processor outputs includes a fourth output that
provides a surround-channel processed signal;
a surround-channel signal combiner having inputs coupled to the
fourth input signal path and the fourth output of the signal processor, and
25 having an output that provides a signal representing a combination of the
surround-channel input signal and the surround-channel processed signal; and
the plurality of output signal paths includes a fourth output signal path

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

30 6. An audio decoding method that comprises:
receiving a left-channel input signal, a right-channel input signal and a

center-channel input signal;



fourth input signal path and the fourth output of the signal processor, and
25 having an output that provides a signal representing a conbination of

t he surrowa3ghswonel i nput signal and the surround-channelpquiBoBe®ad
signal; and the plurality of output signal paths includes a fourth output
signal path coupled to the output of® the surround- channel si gnal conbi ner.
30 6. An audi o decodi ng nethod that conprises: receiving a | eft-channel

i nput signal, a ri derviogfenctheilefhabangelprdithemghtachariehingut sigaalnel i nput
signal ; WD 03/028407 .PCT/ 1 BO2/ 03930 .-8 deriwi fromthe |eft-channel and
the 11 ght - chaRRERIY b AOCET En Seba i rshudf ¢ LT gp AR sa ot s 1 at
includes a | efighebanndlpriceeadssaa] sidNednterahardedpiocediadpighalpr ocessed si gnal
and a center-channel g.r ocessed signal; conbining the center-channel input
signal and the centerbigigife centsr-ghagaddaay signgrad thegrtgrdonel ng a
plurality of ignals;representing the | eft-channel processed

Si gn§|, t he r%@%ﬁ%‘%ﬁ@f LlrE)dr ocessed signal, and the conbined center-
channel input signatovadidg a@hirality ofantpet sigiabcepeschtmpghaleft-di@nel The

decoding method of ¢laimg wherejn the | eft-channel. processed signal,
ri ght - channel PHRGEE §I§Balsﬁ§ﬁ¥%t'ﬁ Ri0g WP%‘?S-S@%HSI“BF@%%@%@HG ‘fetj‘FF% are
der i ved by = apBloeliipd i End BdRChARERHRedOn lifall of t- channel and the

ri ght-channel 1 nput Signals ecodi ng nethod of claim6 or 7 that
conprises: 15 receiving a surround-channel input signal; deriving fromthe

| ef t-.channel and.,the rj.ght-channe].input signal surround; channel
or0d8ssed i gra g HePERET Sl Bk AReR-Frnbl PIoRERed SERE ¢ ne
sur r oundrighaanahel ;ﬂé&ﬁ@ﬂ%@@aﬁarﬁf@nter%ﬂﬁhn%pﬁ)r@b&\éédjsi@@l are @tvedbysi gnal
representing the conbined surround- channel input signal and

sur r ound-applainged logic sersex decosleryigdhe lefi-channel and the right-channel input signals.

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

channel input signal and surround-channel processed signal.



