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(57) Abréegée/Abstract:

An encoding method and apparatus and a decoding method and apparatus are provided. The decoding method Includes
extracting a three-dimensional (3D) down-mix sighal and spatial information from an input bitstream, removing 3D effects from the
3D down-mix sighal by performing a 3D rendering operation on the 3D down-mix sighal, and generating a multi-channel signal
using the spatial information and a down-mix signal obtained by the removal. Accordingly, It Is possible to efficiently encode multi-
channel signals with 3D effects and to adaptively restore and reproduce audio signals with optimum sound quality according to the
characteristics of a reproduction environment.
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(57) Abstract: An encoding method and apparatus and a decoding method and apparatus are provided. The decoding method
& includes extracting a three-dimensional (3D) down-mix signal and spatial information from an input bitstream, removing 3D effects
N from the 3D down-mix signal by performing a 3D rendering operation on the 3D down-mix signal, and generating a multi-channel
signal using the spatial information and a down-mix signal obtained by the removal. Accordingly, it is possible to efficiently encode
multi-channel signals with 3D effects and to adaptively restore and reproduce audio signals with optimum sound quality according
to the characteristics of a reproduction environment.
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1

Description
APPARATUS AND METHOD FOR ENCODING/DECODING SIGNAL

Technical Field

[1] The present invention relates to an encoding/decoding method and an
encoding/decoding apparatus, and more particularly, to an encoding/decoding
apparatus which can process an audio signal so that three dimensional (3D) sound
effects can be created, and an encoding/decoding method using the

encoding/decoding apparatus.
Background Art

[2] An encoding apparatus down-mixes a multi-channel signal into a signal
with fewer channels, and transmits the down-mixed signal to a decoding apparatus.
Then, the decoding apparatus restores a multi-channel signal from the down-mixed
signal and reproduces the restored multi-channel signal using three or more

speakers, for example, 5.1-channel speakers.

[3] Multi-channel signals may be reproduced by 2-channel speakers such
as headphones. In this case, in order to make a user feel as if sounds output by 2-

channel speakers were reproduced from three or more sound sources, it iIs necessary
to develop three-dimensional (3D) processing techniques capable of encoding or

decoding muliti-channel signals so that 3D effects can be created.

Disclosure of Invention
Technical Problem

[4] Some embodiments of the present invention may provide an
encoding/decoding apparatus and an encoding/decoding method which can

reproduce multi-channel signals in various reproduction environments by efficiently

processing signals with 3D effects.
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Technical Solution
[5] According to an aspect of the present invention, there is provided a

decoding method of restoring a multi-channel signal, the decoding method including
extracting a three-dimensional (3D) down-mix signal and spatial information from an
input bitstream, removing 3D effects from the 3D down-mix signal by performing a 3D
rendering operation on the 3D down-mix signal, and generating a multi-channel

sighal using the spatial information and a down-mix signal obtained by the removal.

[6] According to another aspect of the present invention, there is provided
a decoding method of restoring a multi-channel signal, the decoding method including
extracting a 3D down-mix signal and spatial information from an input bitstream,
generating a multi-channel signal using the 3D down-mix signal and the spatial
iInformation, and removing 3D effects from the multi-channel signal by performing a
3D rendering
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[ 7]

5]

9]

[10]

[11]

operation on the multi-channel signal.

According to another aspect of the present invention, there 1s provided an encoding
method of encoding a multi-channel signal with a plurality of channels, the encoding
method including encoding the multi-channel signal into a down-mix signal with fewer
channels, generating spatial information regarding the plurality ot channels, generating
a 3D down-mix signal by performing a 3D rendering operation on the down-mix
signal, and generating a bitstream including the 3D down-mix signal and the spatial 1n-
formation.

According to another aspect ot the present invention, there 1s provided an encoding
method of encoding a multi-channel signal with a plurality of channels, the encoding
method including performing a 3D rendering operation on the multi-channel signal,
encoding a multi-channel signal obtained by the 3D rendering operation into a 3D
down-mix signal with fewer channels, generating spatial information regarding the
plurality of channels, and generating a bitstream including the 3D down-mix signal and
the spatial information.

According to another aspect of the present invention, there 1s provided a decoding
apparatus for restoring a multi-channel signal, the decoding apparatus including a bit
unpacking unit which extracts an encoded 3D down-mix signal and spatial information
from an input bitstream, a down-mix decoder which decodes the encoded 3D down-
mix signal, a 3D rendering unit which removes 3D eftects trom the decoded 3D down-
mix signal obtained by the decoding pertormed by the down-mix decoder by
performing a 3D rendering operation on the decoded 3D down-mix signal, and a multi-
channel decoder which generates a multi-channel signal using the spatial information
and a down-mix signal obtained by the removal pertormed by the 3D rendering unit.

According to another aspect ot the present invention, there 1s provided a decoding
apparatus for restoring a multi-channel signal, the decoding apparatus including a bit
unpacking unit which extracts an encoded 3D down-mix signal and spatial information
from an input bitstream, a down-mix decoder which decodes the encoded 3D down-
mix signal, a multi-channel decoder which generates a multi-channel signal using the
spatial information and a 3D down-mix signal obtained by the decoding pertormed by
the down-mix decoder, and a 3D rendering unit which removes 3D eftects trom the
multi-channel signal by perftorming a 3D rendering operation on the multi-channel
signal.

According to another aspect ot the present invention, there 1s provided an encoding
apparatus for encoding a multi-channel signal with a plurality of channels, the
encoding apparatus including a multi-channel encoder which encodes the multi-
channel signal into a down-mix signal with tewer channels and generates spatial 1n-

formation regarding the plurality ot channels, a 3D rendering unit which generates a

CA 02637722 2008-07-17



10

15

20

29

30

CA 02637722 2009-03-23

714420-272

3D down-mi1x signal by per:

forming a 3D rendering operation on

the down-mix signal, a down-mix encoder which encodes the 3D

down-mix signal; and a bit packing unit which generates a

bitstream including the encoded 3D down-mix signal and the

spatial information.

F

(12 ] According to another aspect of the present

invention, there is provided an encoding apparatus for

encoding a multi-channel signal with a plurality of

channels, the encoding apparatus including a 3D rendering

unit which performs a 3D rendering operation on the multi-

channel signal, a multi-channel encoder which encodes a

multi-channel signal obtained by the 3D rendering operation

into a 3D down-mix signal with

fewer channels and generates

gri=w

spatial information regarding the plurality of channels, a

down-mix encoder which encodes the 3D down-mix signal, and a

bit packing unit which generates a bitstream including the

encoded 3D down-mix signal and the spatial information.

[13] According to another aspect of the present

invention, there is provided a bitstream including a data

signal, a filter information

field which includes information regarding a 3D down-mix

field which i1ncludes filter

information identifying a filter used for generating the 3D

down-mix signal, a first header

field which includes

information indicating whether the filter information field

includes the filter information,

a second header field which

includes information 1ndicating whether the filter

F

information field 1ncludes coefficients of the filter or

P g
—

coel

ficients of an i1nverse filter o:

- the filter, and a

spatial i1nformation field which includes spatial information

F

regarding a plurality of

channels.
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According to another aspect of the present invention, there is provided
a method of decoding an audio signal, comprising: receiving a three-dimensional (3D)
down-mix signal and spatial information from an input bitstream; removing 3D effect
from the 3D down-mix signal by performing a 3D rendering operation on the 3D
down-mix signal, wherein the 3D rendering operation is performed using an inverse
filter of a filter used for generating the three-dimensional (3D) downmix signal; and
generating a multi-channel signal using the spatial information and a down-mix signal
which the 3D effect is removed from, wherein the three-dimensional (3D) downmix
signal is a stereo downmix signal with 3D effect which is reproduced as an imaginary

multi-channel signal.

According to another aspect of the present invention, there is provided
an apparatus for decoding an audio signal, comprising: a bit unpacking unit receiving
an 3D down-mix signal and spatial information from an input bitstream; a 3D
rendering unit removing 3D effect from the 3D down-mix signal by performing a 3D
rendering operation on the 3D down-mix signal, wherein the 3D rendering operation
Is performed using an inverse filter of a filter used for generating the three-
dimensional (3D) downmix signal, and a multi-channel decoder generating a multi-
channel signal using the spatial information and a down-mix signal which the 3D
effect is removed from, wherein the three-dimensional (3D) downmix signal is a
stereo downmix signal with 3D effect which is reproduced as an imaginary multi-

channel signal.

[14] According to another aspect of the present invention, there is provided
a computer-readable recording medium having a computer program for executing

any one of the above-described decoding methods and the above-described

encoding methods.
Advantageous Effects

[15] According to some embodiments of the present invention, it may be

possible to efficiently encode multi-channel signals with 3D effects and to adaptively
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3b

restore and reproduce audio signals with optimum sound quality according to the

characteristics of a reproduction environment.
Brief Description of the Drawings

[16] FIG. 1 is a block diagram of an encoding/decoding apparatus according

to an embodiment of the present invention;

[17] - FIG. 2 1s a block diagram of an encoding apparatus according to an

embodiment of the present invention;

[18] FIG. 3 is a block diagram of a decoding apparatus according to an

embodiment of the present invention:;

[19] FIG. 4 Is a block diagram of an encoding apparatus according to

another
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embodiment of the present invention;

FIG. 5 1s a block diagram of a decoding apparatus according to another
embodiment of the present invention;

FIG. 6 1s a block diagram of a decoding apparatus according to another
embodiment of the present invention;

FIG. 7 1s a block diagram of a three-dimensional (3D) rendering apparatus
according to an embodiment of the present invention;

FIGS. 8 through 11 illustrate bitstreams according to embodiments of the present
Invention;

FIG. 12 1s a block diagram of an encoding/decoding apparatus for processing an
arbitrary down-mix signal according to an embodiment of the present invention;

FIG. 13 1s a block diagram of an arbitrary down-mix signal compensation/3D
rendering unit according to an embodiment ot the present invention;

FIG. 14 1s a block diagram of a decoding apparatus for processing a compatible
down-mix signal according to an embodiment of the present invention;

FIG. 15 1s a block diagram of a down-mix compatibility processing/3D rendering
unit according to an embodiment ot the present invention; and

FIG. 16 1s a block diagram of a decoding apparatus tor canceling crosstalk

according to an embodiment of the present invention.

Best Mode for Carrying Out the Invention

The present invention will hereinafter be described more fully with reterence to the
accompanying drawings, in which exemplary embodiments of the invention are shown.

FIG. 1 1s a block diagram ot an encoding/decoding apparatus according to an
embodiment of the present invention. Referring to FIG. 1, an encoding unit 100
includes a multi-channel encoder 110, a three-dimensional (3D) rendering unit 120, a
down-mix encoder 130, and a bit packing unit 140.

The multi-channel encoder 110 down-mixes a multi-channel signal with a plurality
of channels 1into a down-mix signal such as a stereo signal or a mono signal and
generates spatial information regarding the channels ot the multi-channel signal. The
spatial information 1s needed to restore a multi-channel signal from the down-mix
signal.

Examples of the spatial information include a channel level difterence (CLD),
which indicates the difference between the energy levels ot a pair of channels, a
channel prediction coetficient (CPC), which 1s a prediction coetficient used to generate
a 3-channel signal based on a 2-channel signal, inter-channel correlation (ICC), which
indicates the correlation between a pair of channels, and a channel time difterence

(CTD), which 1s the time interval between a pair of channels.

CA 02637722 2008-07-17
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The 3D rendering unit 120 generates a 3D down-mix signal based on the down-mix
signal. The 3D down-mix signal may be a 2-channel signal with three or more di-
rectivities and can thus be reproduced by 2-channel speakers such as headphones with
3D ettects. In other words, the 3D down-mix signal may be reproduced by 2-channel
speakers so that a user can teel as if the 3D down-mix signal were reproduced trom a
sound source with three or more channels. The direction of a sound source may be
determined based on at least one of the difference between the intensities of two
sounds respectively input to both ears, the time interval between the two sounds, and
the ditterence between the phases of the two sounds. Therefore, the 3D rendering unit
120 can convert the down-mix signal into the 3D down-mix signal based on how the
humans can determine the 3D location ot a sound source with their sense of hearing.

The 3D rendering unit 120 may generate the 3D down-mix signal by filtering the
down-mix signal using a tilter. In this case, filter-related information, tor example, a
coetficient of the filter, may be input to the 3D rendering unit 120 by an external
source. The 3D rendering unit 120 may use the spatial information provided by the
multi-channel encoder 110 to generate the 3D down-mix signal based on the down-mix
signal. More specitically, the 3D rendering unit 120 may convert the down-mix signal
into the 3D down-mix signal by converting the down-mix signal into an 1imaginary
multi-channel signal using the spatial information and filtering the imaginary multi-
channel signal.

The 3D rendering unit 120 may generate the 3D down-mix signal by filtering the
down-mix signal using a head-related transfer function (HRTF) filter.

A HRTF 1s a transter tunction which describes the transmission ot sound waves
between a sound source at an arbitrary location and the eardrum, and returns a value
that varies according to the direction and altitude of a sound source. It a signal with no
directivity 1s tiltered using the HRTF, the signal may be heard as it it were reproduced
from a certain direction.

The 3D rendering unit 120 may perform a 3D rendering operation in a frequency
domain, for example, a discrete Fourier transtorm (DFT) domain or a tfast Fourier
transtorm (FFT) domain. In this case, the 3D rendering unit 120 may pertorm DFT or
FET betore the 3D rendering operation or may perform inverse DFT (IDFT) or inverse
FFT (IFFT) after the 3D rendering operation.

The 3D rendering unit 120 may perform the 3D rendering operation in a quadrature
mirror filter (QMF)/hybrid domain. In this case, the 3D rendering unit 120 may
perform QMFE/hybrid analysis and synthesis operations betore or after the 3D
rendering operation.

The 3D rendering unit 120 may perform the 3D rendering operation in a time

domain. The 3D rendering unit 120 may determine in which domain the 3D rendering

CA 02637722 2008-07-17
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operation 1s to be performed according to required sound quality and the operational
capacity ot the encoding/decoding apparatus.

The down-mix encoder 130 encodes the down-mix signal output by the multi-
channel encoder 110 or the 3D down-mix signal output by the 3D rendering unit 120.
The down-mix encoder 130 may encode the down-mix signal output by the multi-
channel encoder 110 or the 3D down-mix signal output by the 3D rendering unit 120
using an audio encoding method such as an advanced audio coding (AAC) method, an
MPEG layer 3 (MP3) method, or a bit sliced arithmetic coding (BSAC) method.

The down-mix encoder 130 may encode a non-3D down-mix signal or a 3D down-
mix signal. In this case, the encoded non-3D down-mix signal and the encoded 3D
down-mix signal may both be included 1n a bitstream to be transmitted.

The bit packing unit 140 generates a bitstream based on the spatial information and
either the encoded non-3D down-mix signal or the encoded 3D down-mix signal.

The bitstream generated by the bit packing unit 140 may include spatial 1in-
formation, down-mix 1dentification information indicating whether a down-mix signal
included in the bitstream 1s a non-3D down-mix signal or a 3D down-mix signal, and
information 1dentitying a tilter used by the 3D rendering unit 120 (e.g., HRTF co-
efficient information).

In other words, the bitstream generated by the bit packing unit 140 may include at
least one ot a non-3D down-mix signal which has not yet been 3D-processed and an
encoder 3D down-mix signal which 1s obtained by a 3D processing operation
performed by an encoding apparatus, and down-mix 1dentification information
identitying the type of down-mix signal included in the bitstream.

It may be determined which ot the non-3D down-mix signal and the encoder 3D
down-mix signal 1s to be included 1n the bitstream generated by the bit packing unit
140 at the user's choice or according to the capabilities of the encoding/decoding
apparatus 1llustrated in FIG. 1 and the characteristics of a reproduction environment.

The HRTF coetficient information may include coetficients of an inverse tunction
of a HRTF used by the 3D rendering unit 120. The HRTF coetficient information may
only include brief information ot coetficients ot the HRTF used by the 3D rendering
unit 120, for example, envelope information ot the HRTF coetficients. If a bitstream
including the coetticients of the inverse tunction ot the HRTF 1s transmitted to a
decoding apparatus, the decoding apparatus does not need to perform an HRTF co-
efficient conversion operation, and thus, the amount of computation of the decoding
apparatus may be reduced.

The bitstream generated by the bit packing unit 140 may also include information
regarding an energy variation in a signal caused by HRTF-based filtering, 1.e., 1n-

formation regarding the difference between the energy ot a signal to be filtered and the

CA 02637722 2008-07-17
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energy of a signal that has been ftiltered or the ratio ot the energy of the signal to be
filtered and the energy of the signal that has been filtered.

The bitstream generated by the bit packing unit 140 may also include information
indicating whether it includes HRTF coetticients. If HRTF coetficients are included 1n
the bitstream generated by the bit packing unit 140, the bitstream may also include 1n-
formation indicating whether it includes either the coefticients of the HRTF used by
the 3D rendering unit 120 or the coetficients ot the inverse tunction of the HRTF.

Reterring to FIG. 1, a first decoding unit 200 includes a bit unpacking unit 210, a
down-mix decoder 220, a 3D rendering unit 230, and a multi-channel decoder 240.

The bit unpacking unit 210 receives an input bitstream from the encoding unit 100
and extracts an encoded down-mix signal and spatial information trom the input
bitstream. The down-mix decoder 220 decodes the encoded down-mix signal. The
down-mix decoder 220 may decode the encoded down-mix signal using an audio
signal decoding method such as an AAC method, an MP3 method, or a BSAC method.

As described above, the encoded down-mix signal extracted from the input
bitstream may be an encoded non-3D down-mix signal or an encoded, encoder 3D
down-mix signal. Information indicating whether the encoded down-mix signal
extracted from the input bitstream 1s an encoded non-3D down-mix signal or an
encoded, encoder 3D down-mix signal may be included in the input bitstream.

It the encoded down-mix signal extracted trom the input bitstream 1s an encoder
3D down-mix signal, the encoded down-mix signal may be readily reproduced after
being decoded by the down-mix decoder 220.

On the other hand, if the encoded down-mix signal extracted from the input
bitstream 1s a non-3D down-mix signal, the encoded down-mix signal may be decoded
by the down-mix decoder 220, and a down-mix signal obtained by the decoding may
be converted into a decoder 3D down-mix signal by a 3D rendering operation
pertormed by the third rendering unit 233. The decoder 3D down-mix signal can be
readily reproduced.

The 3D rendering unit 230 includes a first renderer 231, a second renderer 232, and
a third renderer 233. The first renderer 231 generates a down-mix signal by performing
a 3D rendering operation on an encoder 3D down-mix signal provided by the down-
mix decoder 220. For example, the first renderer 231 may generate a non-3D down-
mix signal by removing 3D effects from the encoder 3D down-mix signal. The 3D
effects of the encoder 3D down-mix signal may not be completely removed by the first
renderer 231. In this case, a down-mix signal output by the first renderer 231 may have
some 3D etfects.

The ftirst renderer 231 may convert the 3D down-mix signal provided by the down-

mix decoder 220 into a down-mix signal with 3D eftects removed therefrom using an
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inverse filter of the filter used by the 3D rendering unit 120 of the encoding unit 100.
Information regarding the filter used by the 3D rendering unit 120 or the inverse filter
of the filter used by the 3D rendering unit 120 may be included in the input bitstream.

The ftilter used by the 3D rendering unit 120 may be an HRTF filter. In this case,
the coetticients of the HRTF used by the encoding unit 100 or the coetticients of the
inverse function of the HRTF may also be included 1n the input bitstream. If the co-
etficients of the HRTF used by the encoding unit 100 are included 1n the input
bitstream, the HRTF coetticients may be inversely converted, and the results of the
inverse conversion may be used during the 3D rendering operation pertormed by the
first renderer 231. If the coetticients ot the inverse tunction ot the HRTF used by the
encoding unit 100 are included 1n the input bitstream, they may be readily used during
the 3D rendering operation pertormed by the first renderer 231 without being subjected
to any 1nverse conversion operation. In this case, the amount of computation ot the first
decoding apparatus 100 may be reduced.

The input bitstream may also include filter information (e.g., information
indicating whether the coetticients of the HRTF used by the encoding unit 100 are
included 1n the input bitstream) and information indicating whether the tilter in-
formation has been inversely converted.

The multi-channel decoder 240 generates a 3D multi-channel signal with three or
more channels based on the down-mix signal with 3D eftects removed theretrom and
the spatial information extracted trom the input bitstream.

The second renderer 232 may generate a 3D down-mix signal with 3D ettects by
performing a 3D rendering operation on the down-mix signal with 3D eftects removed
therefrom. In other words, the first renderer 231 removes 3D effects from the encoder
3D down-mix signal provided by the down-mix decoder 220. Thereatter, the second
renderer 232 may generate a combined 3D down-mix signal with 3D etffects desired by
the first decoding apparatus 200 by performing a 3D rendering operation on a down-
mix signal obtained by the removal performed by the first renderer 231, using a filter
of the first decoding apparatus 200.

The tirst decoding apparatus 200 may include a renderer in which two or more of
the first, second, and third renderers 231, 232, and 233 that pertorm the same
operations are integrated.

A bitstream generated by the encoding unit 100 may be input to a second decoding
apparatus 300 which has a ditterent structure from the ftirst decoding apparatus 200.
The second decoding apparatus 300 may generate a 3D down-mix signal based on a
down-mix signal included in the bitstream input thereto.

More specitically, the second decoding apparatus 300 includes a bit unpacking unit

310, a down-mix decoder 320, and a 3D rendering unit 330. The bit unpacking unit

CA 02637722 2008-07-17



WO 2007/091842 PCT/KR2007/000668

[63]

[64]

[65]

[66]

[67]

[63]

[69]

310 receives an input bitstream from the encoding unit 100 and extracts an encoded
down-mix signal and spatial information from the input bitstream. The down-mix
decoder 320 decodes the encoded down-mix signal. The 3D rendering unit 330
performs a 3D rendering operation on the decoded down-mix signal so that the
decoded down-mix signal can be converted into a 3D down-mix signal.

FIG. 2 1s a block diagram ot an encoding apparatus according to an embodiment of
the present invention. Referring to FI1G. 2, the encoding apparatus includes rendering
units 400 and 420 and a multi-channel encoder 410. Detailed descriptions of the same
encoding processes as those of the embodiment ot FIG. 1 will be omitted.

Referring to FIG. 2, the 3D rendering units 400 and 420 may be respectively
disposed 1n front of and behind the multi-channel encoder 410. Thus, a multi-channel
signal may be 3D-rendered by the 3D rendering unit 400, and then, the 3D-rendered
multi-channel signal may be encoded by the multi-channel encoder 410, thereby
generating a pre-processed, encoder 3D down-mix signal. Alternatively, the multi-
channel signal may be down-mixed by the multi-channel encoder 410, and then, the
down-mixed signal may be 3D-rendered by the 3D rendering unit 420, thereby
generating a post-processed, encoder down-mix signal.

Information indicating whether the multi-channel signal has been 3D-rendered
betore or atter being down-mixed may be included 1n a bitstream to b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>