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Description
Technical Field

[0001] Exemplary embodiments relate to an encoder
and encoding method for a multi-channel signal, and a
decoder and decoding method for a multi-channel signal,
and more particularly to a codec for efficiently processing
a multi-channel signal including a plurality of channel sig-
nals.

Background Art

[0002] With demands for ultrahigh quality of audiovis-
ual (AV) media require, novel technology for compres-
sion/transmission of AV media is needed. For superhigh
audio content, audio quality and accurate representation
of a sound field of multi-channels are important rather
than backward comparability. For instance, a 22.2 chan-
nel audio signal, which is for reproducing a sound field
of an ultrahigh-quality audio, requires a high-quality multi-
channel audio coding technique which enables represen-
tation of unique sound quality and effects of a sound field
of content as it is, rather than compression/transmission
techniques for backward compatibility.

[0003] Thus, new codec structures are needed for en-
coding/decoding known 5.1 or 7.1 channel or greater
multi-channel signals.

Disclosure of Invention

Technical problems

[0004] An aspect of the present invention is to provide
an apparatus and method of encoding or decoding a mul-
ti-channel signal including a low-frequency effects (LFE)
channel signal.

[0005] Another aspect of the present invention is to
provide an apparatus and method of performing two-
stage encoding/decoding or one-stage encoding/decod-
ing employing a time delay.

Technical solutions

[0006] According to a first embodiment of the present
invention, there is provided a method of encoding a multi-
channel signal, the method including outputting a first
downmixed signal and a first spatial cue by encoding a
first normal channel signal and a first low-frequency ef-
fects (LFE) channel signal which are included in a multi-
channel signal; outputting a second downmixed signal
and a second spatial cue by encoding a second normal
channel signal and a second LFE channel signal which
are included in the multi-channel signal; encoding the
first downmixed signal the second downmixed signal to-
gether; and generating a bitstream including the encoded
first downmixed signal, the encoded second downmixed
signal, the first spatial cue and the second spatial cue.
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[0007] The outputting of the first cue may output the
first downmixed signal and the first spatial cue by apply-
ing parametric coding to the first normal channel signal
and the first LFE channel signal in an LFE mode, the
outputting of the second cue may output the second
downmixed signal and the second spatial cue by applying
parametric coding to the second normal channel signal
and the second LFE channel signal in the LFE mode,
and the first spatial cue and the second spatial cue may
include a channel level difference (CLD) output from an
LFE band of the first LFE channel signal or the second
LFE channel signal.

[0008] According to a second embodiment of the
presentinvention, there is provided a method of encoding
a multi-channel signal, the method including outputting
a first downmixed signal and a first spatial cue by encod-
ing a first normal channel signal and a first LFE channel
signal which are included in a multi-channel signal; out-
putting a second downmixed signal and a second spatial
cue by encoding a second normal channel signal and a
second LFE channel signal which are included in the mul-
ti-channel signal; encoding the first downmixed signal;
encoding the second downmixed signal separately from
the first downmixed signal; and generating a bitstream
including the encoded first downmixed signal, the encod-
ed second downmixed signal, the first spatial cue and
the second spatial cue.

[0009] The outputting of the first cue may output the
first downmixed signal and the first spatial cue by apply-
ing parametric coding to the first normal channel signal
and the first LFE channel signal in an LFE mode, the
outputting of the second cue may output the second
downmixed signal and the second spatial cue by applying
parametric coding to the second normal channel signal
and the second LFE channel signal in the LFE mode,
and the first spatial cue and the second spatial cue may
include a CLD output from an LFE band of the first LFE
channel signal or the second LFE channel signal.
[0010] According to a third embodiment of the present
invention, there is provided a method of encoding a multi-
channel signal, the method including outputting a down-
mixed signal and a spatial cue by encoding a first LFE
channel signal and a second LFE channel signal which
are included in a multi-channel signal; encoding the
downmixed signal; and generating a bitstream including
the encoded downmixed signal and the spatial cue.
[0011] The outputting may output the downmixed sig-
nal and the spatial cue by applying parametric coding to
the first LFE channel signal and the second LFE channel
signal in an LFE mode, and the spatial cue may include
a CLD output from an LFE band of the first LFE channel
signal or the second LFE channel signal.

[0012] Accordingtoafourthembodimentofthe present
invention, there is provided a method of encoding a multi-
channel signal, the method including applying a time de-
lay to a first LFE channel signal included in a multi-chan-
nel signal; applying the time delay to a second LFE chan-
nel signal included in the multi-channel signal; encoding
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the first LEF channel signal to which the time delay is
applied; encoding the second LEF channel signal to
which the time delay is applied; and generating a bit-
stream including the encoded first LEF channel signal
and the encoded second LEF channel signal.

[0013] The time delay may include a time delay which
occurs in encoding a normal channel signal included in
the multi-channel signal.

[0014] According to a fifth embodiment of the present
invention, there is provided a method of encoding a multi-
channel signal, the method including applying a time de-
lay a normal channel signal included in a multi-channel
signal; encoding the normal channel signal to which the
time delay is applied; outputting a downmixed signal and
a spatial cue by encoding an LFE channel signal included
in the multi-channel signal; and encoding the encoded
LFE channel signal, wherein the time delay includes a
time delay which occurs in encoding the LFE channel
signal.

[0015] The outputting may output the downmixed sig-
nal and the spatial cue by conducting parametric coding
on the LFE channel signal in an LFE mode.

[0016] According to a first embodiment of the present
invention, there is provided a method of decoding a multi-
channel signal, the method including generating a first
downmixed signal and a second downmixed signal by
decoding an encoded result extracted from a bitstream;
outputting a first normal channel signal and a first LFE
channel signal by decoding the first downmixed signal;
and outputting a second normal channel signal and a
second LFE channel signal by decoding the second
downmixed signal.

[0017] The outputting of the first normal channel signal
and the first LFE channel signal may output the first nor-
mal channel signal and the first LEF channel signal from
the first downmixed signal by applying a first spatial cue
to parametric coding, the outputting of the second normal
channel signal and the second LFE channel signal may
output the second normal channel signal and the second
LEF channel signal from the second downmixed signal
by applying a second spatial cue to parametric coding,
and the first spatial cue and the second spatial cue may
include a CLD output from an LFE band of the first LFE
channel signal or the second LFE channel signal.
[0018] According to a second embodiment of the
presentinvention, there is provided a method of decoding
a multi-channel signal, the method including generating
a first downmixed signal by decoding an encoded result
extracted from a bitstream; generating a second down-
mixed signal by decoding another encoded result extract-
ed from the bitstream; outputting a first normal channel
signal and a first LFE channel signal by decoding the first
downmixed signal; and outputting a second normal chan-
nel signal and a second LFE channel signal by decoding
the second downmixed signal.

[0019] The outputting of the first normal channel signal
and the first LFE channel signal may output the first nor-
mal channel signal and the first LEF channel signal using
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parametric coding based on a first spatial cue for the first
downmixed signal, the outputting of the second normal
channel signal and the second LFE channel signal may
output the second normal channel signal and the second
LEF channel signal using parametric coding based on a
second spatial cue for the second downmixed signal, and
the first spatial cue and the second spatial cue may in-
clude a CLD output from an LFE band of the first LFE
channel signal or the second LFE channel signal.
[0020] According to a third embodiment of the present
invention, there is provided a method of decoding a multi-
channel signal, the method including generating a down-
mixed signal by decoding an encoded result extracted
from a bitstream; and outputting afirst LFE channel signal
and a second LFE channel signal by decoding the down-
mixed signal.

[0021] The outputting may output the first LEF channel
signal and the second LFE channel signal by applying
parametric coding based on a spatial cue to the down-
mixed signal, and the spatial cue may include a CLD
output from an LFE band of the first LFE channel signal
or the second LFE channel signal.

[0022] Accordingtoafourthembodimentofthe present
invention, there is provided a method of decoding a multi-
channel signal, the method including outputting a first
LFE channel signal by decoding an encoded result ex-
tracted from a bitstream; outputting a second LFE chan-
nel signal by decoding another encoded result extracted
from the bitstream; applying a time delay to the first LEF
channel signal; and applying the time delay to the second
LFE channel signal.

[0023] The time delay may include a time delay which
occurs in decoding a normal channel signal.

[0024] According to a fifth embodiment of the present
invention, there is provided a method of decoding a multi-
channel signal, the method including decoding a normal
channel signal from a bitstream; applying a time delay to
the decoded normal channel signal; decoding an LFE
channel signal from the bitstream; and decoding the de-
coded LFE channel signal.

[0025] The time delay may include a time delay which
occurs in decoding the LFE channel signal.

[0026] The decoding of the LFE channel signal may
output a downmixed signal and a spatial cue by conduct-
ing parametric coding on the LFE channel signal in an
LFE mode.

[0027] According to a first embodiment of the present
invention, there is provided an encoder for a multi-chan-
nel signal, the encoder including a first encoding unit to
output a first downmixed signal and a first spatial cue by
encoding a first normal channel signal and a first low-
frequency effects (LFE) channel signal which are includ-
ed in a multi-channel signal and to output a second down-
mixed signal and a second spatial cue by encoding a
second normal channel signal and a second LFE channel
signal which are included in the multi-channel signal; a
second encoding unit to encode the first downmixed sig-
nal and the second downmixed signal together; and a
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bitstream formatter to generate a bitstream including the
encoded first downmixed signal, the encoded second
downmixed signal, the first spatial cue and the second
spatial cue.

[0028] The first encoding unit may output the first
downmixed signal and the first spatial cue by applying
parametric coding to the first normal channel signal and
the first LFE channel signal in an LFE mode and may
output the second downmixed signal and the second spa-
tial cue by applying parametric coding to the second nor-
mal channel signal and the second LFE channel signal
in the LFE mode, and the first spatial cue and the second
spatial cue may include a channel level difference (CLD)
output from an LFE band of the first LFE channel signal
or the second LFE channel signal.

[0029] According to a second embodiment of the
presentinvention, there is provided an encoder for a mul-
ti-channel signal, the encoder including a first encoding
unit to output a first downmixed signal and a first spatial
cue by encoding a first normal channel signal and a first
LFE channel signal which are included in a multi-channel
signal and to output a second downmixed signal and a
second spatial cue by encoding asecond normal channel
signal and a second LFE channel signal which are in-
cluded in the multi-channel signal; a second encoding
unit to encode the first downmixed signal; encoding the
second downmixed signal separately from the firstdown-
mixed signal; and a bitstream formatter to generate a
bitstream including the encoded first downmixed signal,
the encoded second downmixed signal, the first spatial
cue and the second spatial cue.

[0030] The first encoding unit may output the first
downmixed signal and the first spatial cue by applying
parametric coding to the first normal channel signal and
the first LFE channel signal in an LFE mode and may
output the second downmixed signal and the second spa-
tial cue by applying parametric coding to the second nor-
mal channel signal and the second LFE channel signal
in the LFE mode, and the first spatial cue and the second
spatial cue may include a CLD output from an LFE band
of the first LFE channel signal or the second LFE channel
signal.

[0031] According to a third embodiment of the present
invention, there is provided an encoder for a multi-chan-
nel signal, the encoder including a first encoding unit to
output a downmixed signal and a spatial cue by encoding
a first LFE channel signal and a second LFE channel
signal which are included in a multi-channel signal; a sec-
ond encoding unit to encode the downmixed signal; and
a bitstream formatter to generate a bitstream including
the encoded downmixed signal and the spatial cue.
[0032] The first encoding unit may output the down-
mixed signal and the spatial cue by applying parametric
coding to the first LFE channel signal and the second
LFE channel signal in an LFE mode, and the spatial cue
may include a CLD output from an LFE band of the first
LFE channel signal or the second LFE channel signal.
[0033] Accordingtoafourthembodimentofthe present
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invention, there is provided an encoder for a multi-chan-
nel signal, the encoder including a delay unit to apply a
time delay to afirst LFE channel signal included in a multi-
channel signal and to applying the time delay to a second
LFE channel signal included in the multi-channel signal;
a second encoding unit to encode the first LEF channel
signal to which the time delay is applied and to encode
the second LEF channel signal to which the time delay
is applied; and a bitstream formatter to generate a bit-
stream including the encoded first LEF channel signal
and the encoded second LEF channel signal.

[0034] The time delay may include a time delay which
occurs in encoding a normal channel signal included in
the multi-channel signal.

[0035] According to a fifth embodiment of the present
invention, there is provided an encoder for a multi-chan-
nel signal, the encoder including a delay unit to apply a
time delay a normal channel signal included in a multi-
channel signal; afirst encoding unit to encode the normal
channel signal to which the time delay is applied; a sec-
ond encoding unit to output a downmixed signal and a
spatial cue by encoding an LFE channel signal included
in the multi-channel signal; and a third encoding unit to
encode the encoded LFE channel signal, wherein the
time delay includes atime delay which occursin encoding
the LFE channel signal.

[0036] The second encoding unitmay outputthe down-
mixed signal and the spatial cue by conducting paramet-
ric coding on the LFE channel signal in an LFE mode.
[0037] According to a first embodiment of the present
invention, there is provided a decoder for a multi-channel
signal, the decoder including a first decoding unit to gen-
erate a first downmixed signal and a second downmixed
signal by decoding an encoded result extracted from a
bitstream; and a second decoding unit to output a first
normal channel signal and a first LFE channel signal by
decoding the first downmixed signal and to output a sec-
ond normal channel signal and a second LFE channel
signal by decoding the second downmixed signal.
[0038] The second decoding unit may output the first
normal channel signal and the first LEF channel signal
from the first downmixed signal by applying a first spatial
cue to parametric coding and may output the second nor-
mal channel signal and the second LEF channel signal
from the second downmixed signal by applying a second
spatial cue to parametric coding, and the first spatial cue
and the second spatial cue may include a CLD output
from an LFE band of the first LFE channel signal or the
second LFE channel signal.

[0039] According to a second embodiment of the
presentinvention, there is provided a decoder for a multi-
channel signal, the decoder including a first decoding
unit to generate a first downmixed signal by decoding an
encoded result extracted from a bitstream and to gener-
ate a second downmixed signal by decoding another en-
coded result extracted from the bitstream; and a second
decoding unit to output a first normal channel signal and
a first LFE channel signal by decoding the first down-
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mixed signal; and to output a second normal channel
signal and a second LFE channel signal by decoding the
second downmixed signal.

[0040] The second decoding unit may output the first
normal channel signal and the first LEF channel signal
using parametric coding based on a first spatial cue for
the first downmixed signal and may output the second
normal channel signal and the second LEF channel sig-
nal using parametric coding based on a second spatial
cue for the second downmixed signal, and the first spatial
cue and the second spatial cue may include a CLD output
from an LFE band of the first LFE channel signal or the
second LFE channel signal.

[0041] According to a third embodiment of the present
invention, there is provided a decoder for a multi-channel
signal, the decoder including a first decoding unit to gen-
erate a downmixed signal by decoding an encoded result
extracted from a bitstream; and a second decoding unit
to output a first LFE channel signal and a second LFE
channel signal by decoding the downmixed signal.
[0042] The second decoding unit may output the first
LEF channel signal and the second LFE channel signal
by applying parametric coding based on a spatial cue to
the downmixed signal, and the spatial cue may include
a CLD output from an LFE band of the first LFE channel
signal or the second LFE channel signal.

[0043] Accordingtoafourthembodimentofthe present
invention, there is provided a decoder for a multi-channel
signal, the decoder including a first decoding unit to out-
put a first LFE channel signal by decoding an encoded
result extracted from a bitstream and to output a second
LFE channel signal by decoding another encoded result
extracted from the bitstream; and a delay unit to apply a
time delay to the first LEF channel signal and to apply
the time delay to the second LFE channel signal.
[0044] The time delay may include a time delay which
occurs in decoding a normal channel signal.

[0045] According to a fifth embodiment of the present
invention, there is provided a decoder for a multi-channel
signal, the decoder including a first decoding unit to de-
code a normal channel signal from a bitstream; a delay
unit to apply a time delay to the decoded normal channel
signal; a second decoding unit to decode an LFE channel
signal from the bitstream; and a third decoding unit to
decode the decoded LFE channel signal.

[0046] The time delay may include a time delay which
occurs in decoding the LFE channel signal.

[0047] The second decoding unit may output a down-
mixed signal and a spatial cue by conducting parametric
coding on the LFE channel signal in an LFE mode.

Effects of Invention

[0048] Accordingtoan aspect of the presentinvention,
a multi-channel signal including a low-frequency effects
(LFE) channel signal in addition to a normal channel sig-
nal may be effectively encoded or decoded.

[0049] According to another aspect of the present in-
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vention, synchronized multi-channel signals may be out-
put by employing two-stage encoding/decoding or one-
stage encoding/decoding employing a time delay.

Brief Description of Drawings

[0050]

FIG. 1 illustrates an encoder and a decoder accord-
ing to an embodiment.

FIG. 2 illustrates an encoder which encodes a multi-
channel signal including a low-frequency effects
(LFE) channel signal according to a first embodi-
ment.

FIG. 3 illustrates an encoder which encodes a multi-
channel signal including an LFE channel signal ac-
cording to a second embodiment.

FIG. 4 illustrates an encoder which encodes a multi-
channel signal including an LFE channel signal ac-
cording to a third embodiment.

FIG. 5illustrates an encoder which encodes a multi-
channel signal including an LFE channel signal ac-
cording to a fourth embodiment.

FIG. 6 illustrates a decoder which decodes an en-
coded result of FIG. 2.

FIG. 7 illustrates a decoder which decodes an en-
coded result of FIG. 3.

FIG. 8 illustrates a decoder which decodes an en-
coded result of FIG. 4.

FIG. 9 illustrates a decoder which decodes an en-
coded result of FIG. 5.

FIG. 10 illustrates a process of encoding a multi-
channel signal using the encoder of FIG. 2.

FIG. 11 illustrates a decoder which decodes an en-
coded result of FIG. 10.

FIG. 12 illustrates a process of encoding a multi-
channel signal when encoding bits are sufficient in
FIG. 10.

FIG. 13 illustrates a decoder which decodes an en-
coded result of FIG. 12.

FIG. 14 illustrates an example of encoding a multi-
channel signal using the encoder of FIG. 4.

FIG. 15 illustrates another example of encoding a
multi-channel signal using the encoder of FIG. 4.
FIG. 16 illustrates an example of encoding a multi-
channel signal using the encoder of FIG. 5.

FIG. 17 illustrates an example of decoding a multi-
channel signal using the decoder of FIG. 9.

FIG. 18illustrates an encoder which encodes a multi-
channel signal when the multi-channel signal in-
cludes an odd number of LFE channel signals ac-
cording to an embodiment.

FIG. 19illustrates an encoder which encodes a nor-
mal audio signal, not an LFE channel signal, accord-
ing to an embodiment.

FIG. 20 illustrates a decoder which decodes an en-
coded result of FIG. 19.

FIG. 21 illustrates an encoding process and a de-
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coding process according to an embodiment.

FIG. 22 illustrates a USAC encoder and a USAC
decoder according to a first embodiment.

FIG. 23 illustrates a USAC encoder and a USAC
decoder according to a first embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0051] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0052] FIG. 1 illustrates an encoder and a decoder ac-
cording to an embodiment.

[0053] Referring to FIG. 1, the encoder 101 and the
decoder 102 are shown. The encoder 101 may encode
a multi-channel signal including a plurality of channel sig-
nals to generate a bitstream. The decoder 101 may de-
code the multi-channel signal from the bitstream received
from the encoder 101 or stored in a medium of the en-
coder 101.

[0054] Here, according to one embodiment, the multi-
channel signal may include alow-frequency effects (LFE)
channel signal. Here, an LFE channel signal refers to a
channel signal for low-frequency effects (LFE) of a se-
lective and limited sound range. Here, alow sound range
may refer to a low-frequency range from 20 to 120 Hz.
An LFE channel signal may be used to supplement low-
frequency information on a main channel signal by trans-
mitting additional low-frequency information.

[0055] Hereinafter, processes of encoding or decoding
a multi-channel signal including an LFE channel signal
will be described in detail.

[0056] FIG. 2 illustrates an encoder which encodes a
multi-channel signal including an LFE channel signal ac-
cording to a first embodiment.

[0057] FIGS. 2 to 5 illustrate processes of encoding a
multi-channel signal including two LFE channel signals,
and FIGS. 6 to 9 illustrate processes of decoding encod-
ed results of FIGS. 2 to 5.

[0058] Referring to FIG. 2, the encoder may include a
first encoding unit 201, afirst encoding unit 202, a second
encoding unit 203 and a bitstream formatter 204. Here,
the first encoding units 201 and 202 may perform the
same operations.

[0059] In detail, the first encoding unit 201 may gener-
ate a downmixed signal dmx, using an LFE channel sig-
nal Lfe, and a normal channel signal x;. Here, a normal
channel signal may refer to a channel signal which does
not exhibit low-frequency effects. The first encoding unit
202 may generate a downmixed signal dmx, using an
LFE channel signal Lfe, and a normal channel signal
X+1. | represents an index of a normal channel signal.
Thatis, the encoder of FIG. 2 may encode a multi-channel
signal including a normal channel signal coupled to an
LFE channel signal.

[0060] Here, the first encoding units 201 and 202 may
perform parametric coding to output spatial cues and the
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downmixed signals. Here, the first encoding units 201
and 202 perform parametric coding using the LFE chan-
nel signals.

[0061] When parametric coding is performed using an
LFE channel signal, a channel level difference (CLD) as
a spatial cue may be extracted from an LFE band. Ac-
cordingly, a spatial cue output through parametric coding
using an LFE channel signal may output a relatively
smaller amount of data than a spatial cue output through
generally used parametric coding. Here, the spatial cues
output from the first encoding units 201 and 202 are bit1
and bit2, respectively.

[0062] The second encoding unit 203 may encode the
downmixed signal dmx; output from the first encoding
unit 201 and the downmixed signal dmx, output from the
firstencoding unit 202. The downmixed signals dmx, and
dmx, may be input as a stereo signal to the second en-
coding unit 203. For instance, the second encoding unit
203 may be an Advanced Audio Codec (AAC), MP3, or
the like. The second encoding unit 203 outputs bit3 as
an encoded result, which is input to the bitstream format-
ter 204. The bitstream formatter 204 may convert bit3
into a bitstream.

[0063] FIG. 3 illustrates an encoder which encodes a
multi-channel signal including an LFE channel signal ac-
cording to a second embodiment.

[0064] The encoder of FIG. 3 may include a first en-
coding unit 301, a second encoding unit 302, a first en-
coding unit 303, a second encoding unit 304 and a bit-
stream formatter 305.

[0065] The first encoding units 301 and 303 of FIG. 3
may operate in the same manner as the first encoding
units 201 and 202 of FIG. 2. That is, the first encoding
units 301 and 303 may perform parametric coding using
an LFE channel signal to extract a CLD as a spatial cue
from an LFE band. In detail, the first encoding unit 301
may generate a downmixed signal dmx4 using an LFE
channel signal Lfe, and a normal channel signal x;. The
first encoding unit 303 may generate a downmixed signal
dmx, using an LFE channel signal Lfe, and a normal
channel signal x;, 4.

[0066] The downmixed signal dmxi resulting from en-
coding by the first encoding unit 301 is input as a mono
signal to the second encoding unit 302. The second en-
coding unit 302 may output bit3 using the downmixed
signal dmx4. The downmixed signal dmx, resulting from
encoding by the first encoding unit 303 is input as a mono
signal to the second encoding unit 304. The second en-
coding unit 304 may output bit4 using the downmixed
signal dmx,.

[0067] FIG. 4 illustrates an encoder which encodes a
multi-channel signal including an LFE channel signal ac-
cording to a third embodiment.

[0068] Referring to FIG. 4, the encoder may include a
first encoding unit 401, a second encoding unit 402 and
a bitstream formatter 403. LFE channel signals Lfe,; and
Lfe, may be coupled to each other and input to the first
encoding unit401. The first encoding unit401 may output
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a downmixed signal dmx; as a mono signal using the
LFE channel signals Lfe; and Lfe,. Here, bit1 means a
spatial cue derived by the first encoding unit 401 through
parametric coding.

[0069] The downmixed signal dmx; may be input to
the second encoding unit 402. Here, the second encod-
ing unit 402 may code an LFE band in the downmixed
signal dmxs. A Unified Speech and Audio Codec (USAC)
and an Advanced Audio Codec (AAC) may have a sep-
arate coding mode for coding an LFE band. The second
encoding unit 402 may use a coding mode provided by
the USAC or AAC. Bit2 output from the second encoding
unit 402 and bit1 output from the first encoding unit 401
may be output as a bitstream through the bitstream for-
matter 403.

[0070] FIG. 5 illustrates an encoder which encodes a
multi-channel signal including an LFE channel signal ac-
cording to a fourth embodiment.

[0071] Referring to FIG. 5, the encoder may include a
delay unit 501, a second encoding unit 502, a delay unit
503, a second encoding unit 504 and a bitstream format-
ter 505. FIG. 5 illustrates a process of encoding an LFE
channel signal using the second encoding units 502 and
504, not via the aforementioned first encoding units.
[0072] In FIG. 5, the second encoding units 502 and
504 may perform parametric coding on an LFE band.
Input signals for the second encoding units 502 and 504
may need to be delayed corresponding to the presence
of a firstencoding unit. When normal channel signals are
subjected to encoding two times and LFE channel signals
are subjected to encoding once, one more encoding
process of the normal channel signals may cause a time
delay. Accordingly, a bitstream of the LFE channel sig-
nals synchronized with the normal channel signals may
be generated only when the time delay is considered.
[0073] Thus, the delay units 501 and 503 may apply a
time delay t,,,c, which may occur in real encoding, to the
LFE channel signals Lfe, and Lfe,. Subsequently, time-
delayed LFE channel signals Lfeq(n-tg,) and Lfe,(n-
Tenc) May be input to the second encoding units 502 and
504, respectively. Bit1 and bit2, encoded results by the
second encoding units 502 and 504 may be output as a
bitstream via the bitstream formatter 505.

[0074] FIG. 6 illustrates a decoder which decodes an
encoded result of FIG. 2.

[0075] Referring to FIG. 6, the decoder may include a
bitstream deformatter 601, a first decoding unit 602, a
second decoding unit 603 and a second decoding unit
604. FIG. 6 may operate in an inverse manner to FIG. 2.
[0076] A bitstream input to the bitstream deformatter
601 may be the bitstream generated in FIG. 2. The bit-
stream deformatter 601 may output bit1, bit2 and bit3
from the bitstream. Bit1, bit2 and bit3 are the same as
those mentioned in FIG. 2.

[0077] Bit3 may be input to the first decoding unit 602.
The first decoding unit 602 may generate downmixed
signals dmx4 and dmx, using bit3. The second decoding
unit 603 may perform parametric coding on bit1 as a spa-
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tial cue and the downmixed signal dmx, to output a nor-
mal channel signal x; and an LFE channel signal Lfe,.
Likewise, the second decoding unit 604 may perform par-
ametric coding on bit2 as a spatial cue and the down-
mixed signal dmx, to output a normal channel signal x;, 4
and an LFE channel signal Lfe,.

[0078] FIG. 7 illustrates a decoder which decodes an
encoded result of FIG. 3.

[0079] Referring to FIG. 7, the decoder may include a
bitstream deformatter 701, a first decoding unit 702, a
second decoding unit 703, a first decoding unit 704 and
a second decoding unit 705. FIG. 7 may operate in an
inverse manner to FIG. 3.

[0080] A bitstream input to the bitstream deformatter
701 may be the bitstream generated in FIG. 3. The bit-
stream deformatter 701 may output bit1, bit2, bit3 and
bit4 from the bitstream. Bit1, bit2, bit3 and bit4 are the
same as those mentioned in FIG. 3.

[0081] Bit3 may be input to the first decoding unit 702,
and bit4 may be input to the first decoding unit 704. The
first decoding unit 702 may generate a downmixed signal
dmx, using bit3. The firstdecoding unit 704 may generate
a downmixed signal dmx, using bit4.

[0082] Subsequently, the second decoding unit 703
may perform parametric coding on bit1 as a spatial cue
and the downmixed signal dmx to output a normal chan-
nel signal x; and an LFE channel signal Lfe,. Likewise,
the second decoding unit 703 may perform parametric
coding on bit2 as a spatial cue and the downmixed signal
dmx, to output a normal channel signal x;, and an LFE
channel signal Lfe,.

[0083] FIG. 8 illustrates a decoder which decodes an
encoded result of FIG. 4.

[0084] Referring to FIG. 8, the decoder may include a
bitstream deformatter 801, a first decoding unit 802 and
a second decoding unit 803. FIG. 8 may operate in an
inverse manner to FIG. 4.

[0085] A bitstream input to the bitstream deformatter
801 may be the bitstream generated in FIG. 4. The bit-
stream deformatter 801 may output bit1 and bit2 from
the bitstream. Bit1 and bit2 are the same as those men-
tioned in FIG. 4.

[0086] Bit1 may be input to the first decoding unit 802,
and bit2 may be input to the second decoding unit 803.
The first decoding unit 802 may generate a downmixed
signal dmxs using bit3. The second decoding unit 803
may perform parametric coding on bit2 as a spatial cue
and the downmixed signal dmx; to output LFE channel
signals Lfe, and Lfe,. In FIG. 8, the first decoding unit
802 and the second decoding unit 803 may perform par-
ametric coding on an LFE band of the input downmixed
signal dmxs.

[0087] FIG. 9 illustrates a decoder which decodes an
encoded result of FIG. 5.

[0088] Referring to FIG. 9, the decoder may include a
bitstream deformatter 901, a first decoding unit 902, a
delay unit 903, a first decoding unit 904 and a delay unit
905. FIG. 9 may operate in an inverse manner to FIG. 5.
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[0089] A bitstream input to the bitstream deformatter
901 may be the bitstream generated in FIG. 5. The bit-
stream deformatter 901 may output bit1 and bit2 from
the bitstream. Bit1 and bit2 are the same as those men-
tioned in FIG. 5.

[0090] Bit1 may be input to the first decoding unit 902,
and bit2 may be input to the first decoding unit 904. The
first decoding unit 902 may generate an LFE channel
signal Lfeq(n-tg,c) using bit1, and the second decoding
unit 904 may generate an LFE channel signal Lfey(n-
Tenc) Using bit2.

[0091] The delay unit 903 may apply a time delay to
the LFE channel signal Lfe,(n-t,,,.) to output Lfe(n-tg.-
T4ec)- Likewise, the delay unit 905 may apply a time delay
to the LFE channel signal Lfe,(n-tg,) to output Lfe,(n-
Tenc™Tdec)-

[0092] Thatis, unlike in FIGS. 6 to 8, since a decoding
process is carried out once in FIG. 9, the delay units 903
and 905 may apply a time delay 1y, occurring in one-
time decoding so that signals subjected to one-time de-
coding synchronize with those subjected to two-time de-
coding.

[0093] FIG. 10illustrates a process of encoding a multi-
channel signal using the encoder of FIG. 2.

[0094] FIG. 10 illustrates an encoder for a multi-chan-
nel signal which adopts the encoder Type1 illustrated in
FIG. 2. In FIG. 10, Two To Ones (TTOs) 1001, 1002,
1004 and 1005 may encode an input signal according to
a parametric coding mode for an MPEG Surround stereo
signal. That is, the TTOs may correspond to the first en-
coding units of FIG. 2, and USAC encoders may corre-
spond to the second encoding unit of FIG. 2.

[0095] In FIG. 10, TTOs 1001 and 1002 may perform
parametric coding according to a normal mode, and
TTOs 1004 and 1005 may perform parametric coding
according to an LFE mode. When parametric coding is
performed according to the normal mode, a CLD, Inter-
Channel Coherence (ICC) and Interchannel Phase Dif-
ference (IPD) as spatial cues may be extracted by ana-
lyzing a normal channel signal x;. When parametric cod-
ing is performed according to the LFE mode, only a CLD
may be extracted from an LFE band of aninput LFE chan-
nel signal.

[0096] FIG. 10 illustrates an encoding process when
N multi-channel signals are input. In detail, in a first op-
eration, the N multi-channel signals may be subjected to
parametric coding via the TTOs into M downmixed sig-
nals dmx, to dmxy,. In a second operation, the M down-
mixed signals may be input in a stereo form and encoded
through USAC core coding. In FIG. 10, LFE channel sig-
nals Lfe; and Lfe, may be coupled to normal channel
signals to be input to the TTO 1004 and TTO1005.
[0097] Thatis, referringto FIG. 10, normal channel sig-
nals of the multi-channel signals may be coupled and
downmixed by two channels, and a downmixed result
may be subjected to stereo coding by the USAC encod-
ers. Among the normal channel signals of the multi-chan-
nel signals, two normal channel signals x5, and xop
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may be respectively coupled to the LFE channel signals
Lfe, and Lfe, and input to the TTOs(Lfe).

[0098] Although FIG. 10 shows that the encoder Type
1 of FIG. 2 is adopted, the encoder Type 2 illustrated in
FIG. 3 may be applied, instead of the encoder Type 1.
[0099] FIG. 11 illustrates a decoder which decodes an
encoded result of FIG. 10.

[0100] FIG. 11 illustrates a decoder for a multi-channel
signal which adopts the decoder Type 1 illustrated in FIG.
6. In FIG. 11, One To Twos (OTTs) 1103, 1104, 1106
and 1107 may decode an input signal according to a par-
ametric coding mode for an MPEG Surround stereo sig-
nal. That is, the OTTs may correspond to the second
decoding units of FIG. 6, and USAC decoders may cor-
respond to the first decoding unit.

[0101] In FIG. 11, OTTs 1103 and 1104 may perform
parametric coding according to a normal mode, and the
OTTs 1106 and 1107 may perform parametric coding
accordingtoan LFE mode. InFIG. 11, the encoded result
may be decoded to output N multi-channel audio signals.
[0102] In detall, in a first operation, M downmixed sig-
nals may be output from a bitstream via the USAC de-
coders. In a second operation, the M downmixed signals
may be input to the respective OTTs to output stereo
signals. The OTTs 1103 and 1104 may output two normal
channel signals, and the OTTs 1106 and 1107 may out-
put normal channel signals coupled to LEF channel sig-
nals.

[0103] FIG. 12illustrates a process of encoding a multi-
channel signal when encoding bits are sufficient in FIG.
10.

[0104] When encoding bits for normal channel signals
included in a multi-channel signal are sufficient, the en-
coding process of FIG. 12 may be performed. That is,
normal channel signals x4 to x,),.o Mmay be encoded by
USAC encoders 1203 and 1206. Here, a delay time 1.,
occurring in encoding via delay units 1201, 1201, 1204
and 1205, may be applied to the normal channel signals
X1 to Xgp2- Accordingly, time-delayed results may be en-
coded by the USAC encoders 1203 and 1206.

[0105] Here, the time delay t,,, occurs in OTTs 1207
and 1208 and may include time delays due to quadrature
mirror filter (QMF) analysis, hybrid analysis and QMF
synthesis. When a signal input to a USAC Encoder 1209
is a QMF signal, a time delay occurring by QMF synthesis
may be excluded when calculating tgpc.

[0106] FIG. 13 illustrates a decoder which decodes an
encoded result of FIG. 12.

[0107] FIG. 13 may perform an inverse process to FIG.
12. Referring to FIG. 13, a normal channel signal is de-
coded by USAC decoders 1302 and 1305 and output via
delay units 1303, 1304, 1306 and 1307. A result derived
by a bitstream deformatter 1301 maybe decoded by a
USAC decoder 1308 to generate downmixed signals,
and the downmixed signals may be respectively input to
OTTs 1309 and 1310 to output normal channel signals
Xopm-1 @nd Xy respectively coupled to LFE channel sig-
nals Lfe; and Lfe,.
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[0108] Here, since the LFE channel signals are sub-
jected to decoding two times, the delay units 1303, 1304,
1306 and 1307 may apply a time delay 14, OCcurring in
one-time decoding to one-time to output results from the
USAC decoders 1302 and 1305. Here, 144 includes QMF
analysis, hybrid analysis, QMF synthesis and filtering de-
lays and is different from ... When output signals from
the USAC decoders 1302 and 1305 are QMF signals, a
time delay occurring by QMF analysis may be excluded
when determining t4¢.. A filtering delay refers to a time
delay which occurs due to a filtering operation by the
OTTs 1309 and 1310, irrespective of QMF conversion.
For example, a filtering delay may be a time delay occur-
ring in a decorrelator operation by the OTTs 1309 and
1310.

[0109] FIG. 14 illustrates an example of encoding a
multi-channel signal using the encoder of FIG. 4.
[0110] InFIG.14,the encoder Type 3illustratedin FIG.
4 may be used. Normal channel signals x; to x,, of a
multi-channel signal may be coupled by two and input to
TTOs 1401 and 1402. The TTOs 1401 and 1402 may
perform parametric coding on the normal channel signals
coupled by two to output downmixed signals dmx, and
dmx, along with spatial cues. The output downmixed sig-
nals dmx4 and dmx, may be input in a stereo form to a
USAC encoder 1403.

[0111] Meanwhile, LFE channel signals Lfe, and Lfe,
included in the multi-channel signal may be coupled by
two and inputtoa TTO 140. The TTO 1404 may perform
parametric coding using the two LFE channel signals Lfe,
and Lfe, to output a downmixed signal dmxs in @ mono
form. Subsequently, a USAC encoder 1405 may encode
the downmixed signal dmxs in the LFE mode.

[0112] FIG. 15illustrates another example of encoding
a multi-channel signal using the encoder of FIG. 4.
[0113] InFIG.15,the encoder Type 3illustrated in FIG.
4 may be used. Here, in Fig. 15, a normal channel signal
may be encoded by USAC encoders 1503 and 1506,
instead of being subjected to parametric coding by TTOs
1401 and 1402 in FIG. 14. As illustrated below, since an
LFE channel signal is subjected to encoding two times
through a TTO 1507 and a USAC encoder 1508, delay
units 1501, 1502, 1504 and 1505 may apply a time delay
occurring by the TTO 1507 to the normal channel signal.
[0114] Meanwhile, LFE channel signals Lfe, and Lfe,
may be encoded by the TTO 1507 in the LFE mode to
output a downmixed signal dmxs, and the downmixed
signal dmx, may be encoded by the USAC encoder.
[0115] While FIGS. 14 and 15 illustrate the encoders,
corresponding decoders may operate according to in-
verse processes. In detail, a normal channel signal may
be output from a bitstream obtained in FIG. 14 viaa USAC
decoderandan OTT. Also, LFE channel signals Lfe; and
Lfe, may be output from the bitstream obtained in FIG.
14 via a USAC decoder and an OTT.

[0116] Inaddition, a normal channel signal may be out-
put from a bitstream obtained in FIG. 15 via a USAC
decoder and a delay unit. Also, LFE channel signals Lfe,
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and Lfe, may be output from the bitstream obtained in
FIG. 15 via a USAC decoder and an OTT.

[0117] FIG. 16 illustrates an example of encoding a
multi-channel signal using the encoder of FIG. 5.
[0118] FIG. 16 illustrates an encoder for a multi-chan-
nel signal which adopts the encoder Type 4 illustrated in
FIG. 5.

[0119] Normal channel signals may be converted into
downmixed signals through TTOs 1601 and 1602, and
the converted downmixed signals may be output as a
bitstream through a USAC encoder 1603.

[0120] Meanwhile, delay units 1604 and 1606 may ap-
ply a time delay 1, occurring in the TTOs 1601 and
1602 to LFE channel signals, and time-delayed results
may be encoded respectively by USAC encoders 1605
and 1607 according to the LFE mode. That is, since the
LFE channel signals are subjected to encoding once, un-
like the normal channel signals subjected to encoding
two times, the time delay 1, occurring in encoding by
the TTOs may need to be applied to the LFE channel
signals.

[0121] FIG. 17 illustrates an example of decoding a
multi-channel signal using the decoder of FIG. 9.
[0122] InFIG.17,the decoder Type 4 illustratedin FIG.
9 is used. Referring to FIG. 17, normal channel signals
may be output through a USAC decoder 1702anda TTO
1703 and 1704. LFE channel signals may be output
through USAC decoders 1705 and 1707 and delay units
1706 and 1708.

[0123] Since the LFE channel signals are subjected to
decoding once, the delay units 1706 and 1708 may need
to apply a time delay 14, Occurring in decoding by the
TTOs 1703 and 1704 to the LFE channel signals. Ac-
cordingly, the normal channel signals and the LFE chan-
nel signals output from the decoder may be synchronized
with each other.

[0124] FIG. 18 illustrates an encoder which encodes a
multi-channel signal when the multi-channel signal in-
cludes an odd number of LFE channel signals according
to an embodiment.

[0125] While FIGS. 2 to 17 illustrate an even number
of LFE channelsignals, FIG. 18 illustrates an odd number
of LFE channel signals.

[0126] Referring to FIG. 18, one LEF channel signal
Lfe 2n+1 may be input to a delay unit 1801, and a time
delay T may be applied to the LEF channel signal. The
time-delayed LFE channel signal may be encoded by a
second encoding unit 1802 in an LFE mode to output
bit1. That is, an odd number of LFE channel signals may
be processed by the encoder Type 4 of FIG. 5 or the
decoder Type 4 of FIG. 9.

[0127] Although not shown in FIG. 18, unlike the LFE
channel signal, a normal channel signal is encoded by a
first encoding unit and the second encoding unit, and
thus a delay unit 1801 may need to apply a time delay
occurring due to the first encoding unit to the LFE channel
signal for synchronization with the normal channel signal.
[0128] FIG. 19illustrates an encoder which encodes a
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normal audio signal, not an LFE channel signal, accord-
ing to an embodiment.

[0129] Referring to FIG. 19, normal channel signals x4
and x, may be subjected to parametric coding by a first
encoding unit 1901 to be converted into a downmixed
signal dmx, along with a spatial cue bit1. Likewise, nor-
mal channel signals x5 and x, may be subjected to par-
ametric coding by a first encoding unit 1902 to be con-
verted into a downmixed signal dmx, along with a spatial
cue bit2.

[0130] Asdescribed above, parametric coding applied
to the normal channel signals may extract not only a CLD
butalso an ICC and IPD as spatial cues. The downmixed
signal dmx4 and dmx, may be input in a stereo form to
a second encoding unit 1903 and encoded to output bit3.
Bit3 may be converted into a bistream by a bitstream
formatter 1904.

[0131] FIG. 20 illustrates a decoder which decodes an
encoded result of FIG. 19.

[0132] Referring to FIG. 20, spatial cues bit1 and bit2
and encoded bit3 may be output by a bitstream defor-
matter 2001 from the bitstream generated in FIG. 19.
[0133] A first decoding unit 2002 may decode bit3 to
output downmixed signals dmx, and dmx,. A second de-
coding unit 2003 may decode a downmixed signal dmx;
to output normal channel signals x; and x,. Likewise, a
second decoding unit 2004 may decode a downmixed
signal dmx, to output normal channel signals x; and x.
[0134] FIG. 21 illustrates an encoding process and a
decoding process according to an embodiment.

[0135] The foregoing first encoding units may corre-
spond to TTOs 2101 and 2102 of FIG. 21, and the fore-
going second encoding units may correspond to a USAC
encoder 2103. Also, the foregoing first decoding units
may correspond to a USAC decoder 2104, and the fore-
going second encoding units may correspond to OTTs
2105 and 2106.

(i) Four normal channel signals or (ii) results of cou-
pling one normal channel signal and one LFE chan-
nel signal may be input to the TTOs 2101 and 2102.
The TTOs 2101 and 2102 may generate a down-
mixed signal along with a spatial cue through para-
metric coding. The USAC encoder 2103 may encode
the downmixed signal.

[0136] On the contrary, the USAC decoder 2104 may
output two downmixed signals from a bitstream. The
OTTs 2105 and 2106 may output (i) four normal channel
signals or (i) results of coupling one normal channel sig-
nal and one LFE channel signal from the downmixed sig-
nals.

[0137] FIG.22illustrates aUSAC encoderandaUSAC
decoder according to a first embodiment.

[0138] The foregoing embodiments illustrate configu-
rations in which a USAC encoder is separate froma TTO
or a USAC decoder is separate from an OTT. Alterna-
tively, as in FIG. 22, a USAC encoder may include TTOs
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2203 and 2204 to configure an extended USAC encoder
2201. Likewise, a USAC decoder may include OTTs
2211 and 2212 to configure an extended USAC decoder
2202.

(i) Four normal channel signals or (ii) one normal
channel signal and one LFE channel signal may be
subjected to parametric coding by the TTOs 2203
and 2204 and output as downmixed signals. The
downmixed signals output from the TTOs 2203 and
2204 may be input in a stereo form to a TTO 2205
and be subjected to parametric coding one more
time. A result of parametric coding is subjected to in
frequency extension by a spectral band replication
(SBR) 2206, and a non-frequency-extended core
band may be encoded by a core encoder 2207.

[0139] Inabitstream generated by the extended USAC
encoder 2201, the non-frequency-extended core band is
decoded by a core decoder 2208, and a decoded result
may be input to and subjected to frequency extension by
an SBR 2209, thereby reconstructing an original signal.
Subsequently, a result of frequency extension by the
SBR 2209 may be subjected to parametric coding by an
OTT 2210 to generate two downmixed signals, and the
downmixed signals may be subjected to parametric cod-
ing by the OTTs 2211 and 2212 to output (i) four normal
channel signals or (ii) one normal channel signal and one
LFE channel signal.

[0140] FIG.23illustratesa USAC encoderanda USAC
decoder according to a second embodiment.

[0141] InFIG. 23, positions ofan SBR2305anda TTO
2306 in an extended USAC encoder 2301 and positions
of an OTT 2309 and an SBR 2310 in an extended USAC
decoder 2302 are changed from those in FIG. 22. Other
components may be equivalent to those in FIG. 22.
[0142] The apparatuses described herein may be im-
plemented using hardware components, software com-
ponents, and/or combinations of hardware components
and software components. For instance, the units and
components illustrated in the embodiments may be im-
plemented using one or more general-purpose or special
purpose computers, such as, for example, a processor,
acontroller, an arithmetic logic unit (ALU), a digital signal
processor, a microcomputer, a field programmable array
(FPA), a programmable logic unit (PLU), a microproces-
sor or any other device capable of responding to and
executing instructions. A processing device may run an
operating system (OS) and one or more software appli-
cations that run on the OS. The processing device also
may access, store, manipulate, process, and create data
in response to execution of the software. For purpose of
simplicity, the description of a processing device is used
as singular; however, one skilled in the art will appreci-
ated that a processing device may include multiple
processing elements and multiple types of processing
elements. For example, a processing device may include
multiple processors or a processor and a controller. In
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addition, different processing configurations are possi-
ble, such as parallel processors.

[0143] The software may include a computer program,
a piece of code, an instruction, or one or more combina-
tions thereof, to independently or collectively instruct or
configure the processing device to operate as desired.
Software and/or data may be embodied permanently or
temporarily in any type of machine, component, physical
or virtual equipment, computer storage medium or de-
vice, or in a propagated signal wave in order to provide
instructions or data to the processing device or to be in-
terpreted by the processing device. The software may
also be distributed over network coupled computer sys-
tems so that the software is stored and executed in a
distributed fashion. The software and data may be stored
by one or more non-transitory computer readable record-
ing mediums.

[0144] The methods according to the embodiments
may be realized as program instructions implemented by
various computers and be recorded in non-transitory
computer-readable media. The media may also include,
alone or in combination with the program instructions,
data files, data structures, and the like. The program in-
structions recorded in the media may be designed and
configured specially for the embodiments or be known
and available to those skilled in computer software. Ex-
amples of the non-transitory computer readable record-
ing medium may include magnetic media such as hard
disks, floppy disks, and magnetic tape; optical media
such as CD ROM disks and DVDs; magneto-optical me-
dia such as floptical disks; and hardware devices that are
specially configured to store and perform program in-
structions, such as read-only memory (ROM), random
access memory (RAM), flash memory, and the like. Ex-
amples of program instructions include both machine
codes, such as produced by a compiler, and higher level
language codes that may be executed by the computer
using an interpreter. The described hardware devices
may be configured to act as one or more software mod-
ules in order to perform the operations of the above-de-
scribed exemplary embodiments, or vice versa.

[0145] While a few exemplary embodiments have
been shown and described with reference to the accom-
panying drawings, it will be apparent to those skilled in
the art that various modifications and variations can be
made from the foregoing descriptions. For example, ad-
equate effects may be achieved even if the foregoing
processes and methods are carried out in different order
than described above, and/or the aforementioned ele-
ments, such as systems, structures, devices, or circuits,
are combined or coupled in different forms and modes
than as described above or be substituted or switched
with other components or equivalents. Thus, other im-
plementations, alternative embodiments and equivalents
to the claimed subject matter are construed as being with-
in the appended claims.
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Claims

1. A method of encoding a multi-channel signal, the
method comprising:

outputting a first downmixed signal and a first
spatial cue by encoding a first normal channel
signal and a first low-frequency effects (LFE)
channel signal which are comprised in a multi-
channel signal;

outputting a second downmixed signal and a
second spatial cue by encoding a second normal
channel signal and a second LFE channel signal
which are comprised in the multi-channel signal;
encoding the first downmixed signal the second
downmixed signal together; and

generating a bitstream comprising the encoded
first downmixed signal, the encoded second
downmixed signal, the first spatial cue and the
second spatial cue.

2. The method of claim 1, wherein the outputting of the
first cue outputs the first downmixed signal and the
first spatial cue by applying parametric coding to the
first normal channel signal and the first LFE channel
signal in an LFE mode, the outputting of the second
cue outputs the second downmixed signal and the
second spatial cue by applying parametric coding to
the second normal channel signal and the second
LFE channel signal in the LFE mode, and the first
spatial cue and the second spatial cue comprise a
channel level difference (CLD) output from an LFE
band of the first LFE channel signal or the second
LFE channel signal.

3. A method of encoding a multi-channel signal, the
method comprising:

outputting a first downmixed signal and a first
spatial cue by encoding a first normal channel
signal and a first low-frequency effects (LFE)
channel signal which are comprised in a multi-
channel signal;

outputting a second downmixed signal and a
second spatial cue by encoding a second normal
channel signal and a second LFE channel signal
which are comprised in the multi-channel signal;
encoding the first downmixed signal;

encoding the second downmixed signal sepa-
rately from the first downmixed signal; and
generating a bitstream comprising the encoded
first downmixed signal, the encoded second
downmixed signal, the first spatial cue and the
second spatial cue.

4. The method of claim 3, wherein the outputting of the
first cue outputs the first downmixed signal and the
first spatial cue by applying parametric coding to the
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first normal channel signal and the first LFE channel
signal in an LFE mode, the outputting of the second
cue outputs the second downmixed signal and the
second spatial cue by applying parametric coding to
the second normal channel signal and the second
LFE channel signal in the LFE mode, and the first
spatial cue and the second spatial cue comprise a
channel level difference (CLD) output from an LFE
band of the first LFE channel signal or the second
LFE channel signal.

A method of encoding a multi-channel signal, the
method comprising:

outputting a downmixed signal and a spatial cue
by encoding a first low-frequency effects (LFE)
channelsignal and a second LFE channel signal
which are comprised in a multi-channel signal;
encoding the downmixed signal; and
generating a bitstream comprising the encoded
downmixed signal and the spatial cue.

The method of claim 5, wherein the outputting out-
puts the downmixed signal and the spatial cue by
applying parametric coding to the first LFE channel
signal and the second LFE channel signal in an LFE
mode, and the spatial cue comprises a channel level
difference (CLD) output from an LFE band of the first
LFE channel signal or the second LFE channel sig-
nal.

A method of encoding a multi-channel signal, the
method comprising:

applying a time delay to a first low-frequency
effects (LFE) channel signal comprised in a mul-
ti-channel signal;

applying the time delay to a second LFE channel
signal comprised in the multi-channel signal;
encoding the first LEF channel signal to which
the time delay is applied;

encoding the second LEF channel signal to
which the time delay is applied; and
generating a bitstream comprising the encoded
firstLEF channel signal and the encoded second
LEF channel signal.

The method of claim 7, wherein the time delay com-
prises a time delay which occurs in encoding a nor-
mal channel signal comprised in the multi-channel
signal.

A method of encoding a multi-channel signal, the
method comprising:

applying a time delay a normal channel signal
comprised in a multi-channel signal;
encoding the normal channel signal to which the
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10.

1.

12.

13.

22

time delay is applied;

outputting a downmixed signal and a spatial cue
by encoding a low-frequency effects (LFE)
channel signal comprised in the multi-channel
signal; and

encoding the encoded LFE channel signal,

wherein the time delay comprises a time delay which
occurs in encoding the LFE channel signal.

The method of claim 9, wherein the outputting out-
puts the downmixed signal and the spatial cue by
conducting parametric coding on the LFE channel
signal in an LFE mode.

A method of decoding a multi-channel signal, the
method comprising:

generating a first downmixed signal and a sec-
ond downmixed signal by decoding an encoded
result extracted from a bitstream;

outputting a first normal channel signal and a
first low-frequency effects (LFE) channel signal
by decoding the first downmixed signal; and
outputting a second normal channel signal and
a second LFE channel signal by decoding the
second downmixed signal.

The method of claim 11, wherein the outputting of
thefirstnormal channel signal and the first LFE chan-
nel signal outputs the first normal channel signal and
the first LEF channel signal from the first downmixed
signal by applying a first spatial cue to parametric
coding, the outputting of the second normal channel
signal and the second LFE channel signal outputs
the second normal channel signal and the second
LEF channel signal from the second downmixed sig-
nal by applying a second spatial cue to parametric
coding, and the first spatial cue and the second spa-
tial cue comprise a channel level difference (CLD)
output from an LFE band of the first LFE channel
signal or the second LFE channel signal.

A method of decoding a multi-channel signal, the
method comprising:

generating a first downmixed signal by decoding
an encoded result extracted from a bitstream;
generating a second downmixed signal by de-
coding another encoded result extracted from
the bitstream;

outputting a first normal channel signal and a
first low-frequency effects (LFE) channel signal
by decoding the first downmixed signal; and
outputting a second normal channel signal and
a second LFE channel signal by decoding the
second downmixed signal.
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The method of claim 13, wherein the outputting of
the first normal channel signal and the first LFE chan-
nel signal outputs the first normal channel signal and
the first LEF channel signal using parametric coding
based on a first spatial cue for the first downmixed
signal, the outputting of the second normal channel
signal and the second LFE channel signal outputs
the second normal channel signal and the second
LEF channel signal using parametric coding based
on a second spatial cue for the second downmixed
signal, and the first spatial cue and the second spatial
cue comprise a channel level difference (CLD) out-
put from an LFE band of the first LFE channel signal
or the second LFE channel signal.

A method of decoding a multi-channel signal, the
method comprising:

generating a downmixed signal by decoding an
encoded result extracted from a bitstream; and
outputting a first low-frequency effects (LFE)
channelsignal and a second LFE channel signal
by decoding the downmixed signal.

The method of claim 15, wherein the outputting out-
puts the first LEF channel signal and the second LFE
channel signal by applying parametric coding based
on a spatial cue to the downmixed signal, and the
spatial cue comprises a channel level difference
(CLD) output from an LFE band of the first LFE chan-
nel signal or the second LFE channel signal.

A method of decoding a multi-channel signal, the
method comprising:

outputting a first low-frequency effects (LFE)
channel signal by decoding an encoded result
extracted from a bitstream;

outputting a second LFE channel signal by de-
coding another encoded result extracted from
the bitstream;

applying a time delay to the first LEF channel
signal; and

applying the time delay to the second LFE chan-
nel signal.

The method of claim 17, wherein the time delay com-
prises a time delay which occurs in decoding a nor-
mal channel signal.

A method of decoding a multi-channel signal, the
method comprising:

decoding a normal channel signal from a bit-
stream;

applying a time delay to the decoded normal
channel signal;

decoding a low-frequency effects (LFE) channel
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signal from the bitstream; and
decoding the decoded LFE channel signal,

wherein the time delay comprises a time delay which
occurs in decoding the LFE channel signal.

The method of claim 19, wherein the decoding of the
LFE channel signal outputs a downmixed signal and
a spatial cue by conducting parametric coding on the
LFE channel signal in an LFE mode.
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