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[DESCRIPTION]
[Invention Title]

A METHOD AND AN APPARATUS FOR PROCESSING AN AUDIO

5IGNAL
[Technical Field]

The present invention relates to a method and an apparatus for processing
an audio signal, and more particularly, to a method and an apparatus for decoding
an audio signal received on a digital medium, as a broadcast signal, and so on.

[Background Art]

While downmixing several audio objects to be a mono or stereo signal,
parameters from the individual object signals can be extracted. These parameters
can be used in a decoder of an audio signal, and repositioning/panning of the
individual sources can be controlled by user” selection.

[Disclosure]
[Technical Problem}

However, in order to control the individual object signals,

repositioning/ panning of the individual sources included in a downmix signal

must be performed suitably.
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However, for backward compatibility with respect to the channel-oriented
lecoding method (as a MPEG Surround), an object parameter must be converted
lexibly to a multi-channel parameter required in upmixing process.

[Technical Solution]

Accordingly, the present invention is directed to a method and an apparatus
‘or processing an audio signal that substantially obviates one or more problems
due to limitations and disadvantages of the related art.

An object of the present invention is to provide a method and an apparatus
for processing an audio signal to control object gain and panning unrestrictedly.

Another object of the present invention is to provide a method and an
apparatus for processing an audio signal to control object gain and panning based
on user selection.

Additional advantages, objects, and features of the invention will be set
forth in part in the description which follows and in part will become apparent to
those having ordinary skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and other advantages of the
invention may be realized and attained by the structure particularly pointed out in
the written description and claims hereof as well as the appended drawings.

[ Advantageous Effects]

The present invention provides the following effects or advantages.
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First of all, the present invention is able to provide a method and an
pparatus for processing an audio signal to control object gain and panning
nrestrictedly.

Secondly, the present invention is able to provide a method and an
pparatus for processing an audio signal to control object gain and panning based
m user selection.

[Description of Drawings]

The accompanying drawings, wldéh are included to provide a further
iderstanding of the invention and are incorporated in and constitute a part of this
wpplication, illustrate embodiments of the invention and together with the
lescription serve to explain the principle of the invention. In the drawings;

FIG. 1 is an exemplary block diagram to explain to basic concept of
rendering a downmix signal based on playback configuration and user control.

FIG. 2 is an exemplary block diagram of an apparatus for processing an
audio signal according to one embodiment of the present invention corresponding
to the first scheme.

FIG. 3 is an exemplary block diagram of an apparatus for processing an
audio signal according to another embodiment of the present invention

corresponding to the first scheme.
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FIG. 4 is an exemplary block diagram of an apparatus for processing an
udio signal according to one embodiment of present invention corresponding to
he second scheme.

FIG. 5 is an exemplary block diagram of an apparatus for processing an
udio signal according to another embodiment of present invention corresponding
o the second scheme.

FIG. 6 is an exemplary block diagram of an apparatus for processing an
udio signal according to the other embodiment of present invention
orresponding to the second scheme.

FIG. 7 is an exemplary block diagram of an apparatus for processing an
wudio signal according to one embodiment of the present invention corresponding
o the third scheme.

FIG. 8 is an exemplary block diagram of an apparatus for processing an
wudio signal according to another embodiment of the present invention
-orresponding to the third scheme.

FIG. 9 is an exemplary block diagram to explain to basic concept of
‘endering unit.

FIGS. 10A to 10C are exemplary block diagrams of a first embodiment of a

lownmix processing unit illustrated in FIG. 7.
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FIG. 11 is an exemplary block diagram of a second embodiment of a
lownmix processing unit illustrated in FIG. 7.

FIG. 12 is an exemplary block diagram of a third embodiment of a downmix
orocessing unit illustrated in FIG. 7.

FIG. 13 is an exemplary block diagram of a fourth embodiment of a
lownmix processing unit illustrated in FIG. 7.

FIG. 14 is an exemplary block diagram of a bitstream structure of a
-ompressed audio signal according to a second embodiment. of present invention.

FIG. 15 is an exemplary block diagram of an apparatus for processing an
audio signal according to a second embodiment of present invention.

FIG. 16 is an exemplary block diagram of a bitstream structure of a
compressed audio signal according to a third embodiment of present invention.

FIG. 17 is an exemplary block diagram of an apparatus for processing an
audio signal according to a fourth embodiment of present invention.

FIG. 18 is an exemplary block diagram to explain transmitting scheme for
variable type of object.

FIG. 19 is an exemplary block diagram to an apparatus for processing an
audio signal according to a fifth embodiment of present invention.

[Best Model
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To achieve these objects and other advantages and in accordance with the
>urpose of the invention, as embodied and broadly described herein, a method for
orocessing an audio signal, comprising: receiving a downmix signal in time
lomain; if the downmix signal corresponds to a mono signal, bypassing the
Jownmix signal; if the number of channel of the downmix signal corresponds to at
least two, decomposing the downmix signal into a subband signal, and processing
the subband signal using a downmix processing information, wherein the
downmix processing information is estimated based on an object information and a
mix information.

According to the present invention, wherein the number of channel of the
downmix signal is equal to the number of channel of the processed downmix signal.

According to the present invention, wherein the object information is
included in a side information, and the side information includes a correlation flag
information indicating whether an object is part of at least two channel object.

According to the present invention, wherein the object information includes
at least one of an object level information and an object correlation information.

According to the present invention, wherein the downmix processing
information corresponds to an information for controlling object panning if the

number of channel the downmix signal corresponds to at least two.
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According to the present invention, wherein the downmix processing
formation corresponds to an information for controlling object gain.

According to the present invention, further comprising, generating a multi-
hannel signal using the processed subband signal.

According to the present invention, further comprising, generating a multi-
hannel information using the object information and the mix information, wherein
he multi-channel signal is generated based on the multi-channel information.

According to the present invention, further comprising, downmixing the
lownmix signal to be a mono signal if the downmix signal corresponds to a stereo
ignal.

According to the present invention, wherein the mix informatiém is
renerated using at least one of an object position information and a playback
:onfiguration information.

According to the present invention, wherein the downmix signal is received
1s a broadcast signal.

According to the present invention, wherein the downmix signal is received
on a digital medium.

In another aspect of the present invention, a computer-readable medium
having instructions stored thereon, which, when executed by a processor, causes

the processor to perform operations, comprising: receiving a downmix signal in
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ime domain; if the downmix signal corresponds to a mono signal, bypassing the
lownmix signal; if the number of channel of the downmix signal corresponds to at
east two, decomposing the downmix signal into a subband signal, and processing
he subband signal using a downmix processing information, wherein the
lownmix processing information is estimated based on an object information and a
nix information.

In another aspect of the present invention, an apparatus for processing an
wdio signal, comprising: a receiving unit receiving a downmix signal in time
lomain; and, a downmix processing unit bypassing the downmix signal if the
lownmix signal corresponds to a mono signal, and decomposing the downmix
signal into a subband signal and processing the subband signal using a downmix
orocessing information if the number of channel of ’the downmix signal
“orresponds to at least two, wherein the downmix processing information is
2stimated based on an object information and a mix information.

It is to be understood that both the foregoing general description and the
ollowing detailed description of the present invention are exemplary and
axplanatory and are intended to provide further explanation of the invention as
zlaimed.

[Mode for Invention]
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Reference will now be made in detail to the preferred embodiments of the
resent invention, examples of which are illustrated in the accompanying drawings.
Therever possible, the same reference numbers will be used throughout the
rawings to refer to the same or like parts.

Prior to describing the present invention, it should be noted that most terms
isclosed in the present invention correspond to general terms well known in the
rt, but some terms have been selected by the applicant as necessary and will
ereinafter be disclosed in the following description of the present invention.
herefore, it is preferable that the terms defined by the applicant be understood on
1e basis of their meanings in the present invention.

In particular, ‘parameter’ in the following description means information
1wcluding values, parameters of narrow sense, coefficients, elements, and so on.
lereinafter ‘parameter’ term will be used instead of ‘information’ term like an
bject parameter, a mix parameter, a downmix processing parameter, and so on,
7hich does not put limitation on the present invention.

In downmixing several channel signals or object signals, an object parameter
nd a spatial parameter can be extracted. A decoder can generate output signal
ising a downmix signal and the object parameter (or the spatial parameter). The

utput signal may be rendered based on playback configuration and user control
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y the decoder. The rendering process shall be explained in details with reference
> the FIG. 1 as follow.

FIG. 1 is an exemplary diagram to explain to basic concept of rendering
ownmix based on playback configuration and user control. Referring to FIG. 1, a
ecoder 100 may include a rendering information generating unit 110 and a
endering unit 120, and also may include a renderer 110a and a synthesis 120a
astead of the rendering information generating unit 110 and the rendering unit 120.

A rendering information generating unit 110 can be configured to receive a
ide information including an object parameter or a spatial parameter from an
ncoder, and also to receive a playback configuration or a user control from a
levice setting or a user interface. The object parameter may correspond to a
»arameter extracted in downmixing at least one object signal, and the spatial
>arameter may correspond to a parameter extracted in downmixing at least one
‘hannel signal. Furthermore, type information and characteristic information for
sach object may be included in the side information. Type information and
‘haracteristic information may describe instrument name, player name, and so on.
[he playback configuration may include speaker position and ambient information
'speaker’s virtual position), and the user control may correspond to a control
mformation inputted by a user in order to control object positions and object gains,

and also may correspond to a control information in order to the playback
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nfiguration. Meanwhile the payback configuration and user control can be
;presented as a mix information, which does not put limitation on the present
wention.

A rendering information generating unit 110 can be configured to generate a
:ndering information using a mix information (the playback configuration and
ser control) and the received side information. A rendering unit 120 can
nfigured to generate a multi-channel parameter using the rendering information
1 case that the downmix of an audio signal (abbreviated ‘downmix signal’) is not
-ansmitted, and generate multi-channel signals using the rendering information
nd downmix in case that the downmix of an audio signal is transmitted.

A renderer 110a can be configured to generate multi-channel signals using a
1ix information (the playback configuration and the user control) and the received
ide information. A synthesis 120a can be configured to synthesis the multi-channel
ignals using the multi-channel signals generated by the renderer 110a.

As previously stated, the decoder may render the downmix signal based on
layback configuration and user control. Meanwhile, in order to control the
ndividual object signals, a decoder can receive an object parameter as a side
nformation and control object panning and object gain based on the transmitted
ybject parameter.

1. Controlling gain and panning of object signals
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Variable methods for controlling the individual object signals may be
rovided. First of all, in case that a decoder receives an object parameter and
renerates the individual object signals using the object parameter, then, can control
he individual object signals base on a mix information (the playback configuration,
he object level, etc.)

Secondly, in case that a decoder generates the multi-channel parameter to be
nputted to a multi-channel decoder, the multi-channel decoder can upmix a
lownmix signal received from an encoder using the multi-channel parameter. The
\bove-mention second method may be classified into three types of scheme. In
»articular, 1) using a conventional multi-channel decoder, 2) modifying a multi-
‘hannel decoder, 3) processing downmix of audio signals before being inputted to
1 multi-channel decoder may be provided. The conventional multi-channel decoder
nay correspond to a channel-oriented spatial audio coding (ex: MPEG Surround
lecoder), which does not put limitation on the present invention. Details of three
ypes of scheme shall be explained as follow.

1.1 Using a multi-channel decoder

First scheme may use a conventional multi-channel decoder as it is without
nodifying a multi-channel decoder. At first, a case of using the ADG (arbitrary
lownmix gain) for controlling object gains and a case of using the 5-2-5

~onfiguration for controlling object panning shall be explained with reference to
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IG. 2 as follow. Subsequently, a case of being linked with a scene remixing unit
7ill be explained with reference to FIG. 3.

FIG. 2 is an exemplary block diagram of an apparatus for processing an
udio signal according to one embodiment of the present invention corresponding
> first scheme. Referring to FIG. 2, an apparatus for processing an audio signal 200
hereinafter simply ‘a decoder 200") may include an information generating unit
10 and a multi-channel decoder 230. The information generating unit 210 may
eceive a side information including an object parameter from an encoder and a
nix information from a user interface, and may generate a multi-channel
varameter including a arbitrary downmix gain or a gain modification
rain(hereinafter simple “ADG’). The ADG may describe a ratio of a first gain
:stimated based on the mix information and the obejct information over a second
rain extimated based on the object information. In particular, the information
renerating unit 210 may generate the ADG only if the downmix signal corresponds
0 a mono signal. The multi-channel decoder 230 may receive a downmix of an
awudio signal from an encoder and a multi-channel parameter from the information
senerating unit 210, and may generate a multi-channel output using the downmix

signal and the multi-channel parameter.
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The multi-channel parameter may include a channel level difference
hereinafter abbreviated ‘CLD’), an inter channel correlation (hereinafter
ibbreviated ‘ICC"), a channel prediction coefficient (hereinafter abbreviated ‘CPC’).

Since CLD, ICC, and CPC describe intensity difference or correlation
>etween two channels, and is to control object panning and correlation. It is able to
“ontrol object positions and object diffuseness (sonority) using the CLD, the ICC,
stc. Meanwhile, the CLD describe the relative level difference instead of the
ibsolute level, and energy of the splitted two channels is conserved. Therefore it is
anable to control object gains by handling CLD, etc. In other words, specific object
-annot be mute or volume up by using the CLD, etc.

Furthermore, the ADG describes time and frequency dependent gain for
controlling correction factor by a user. If this correction factor be applied, it is able
to handle modification of down-mix signal prior to a multi-channel upmixing.
Therefore, in case that ADG parameter is received from the information generating
unit 210, the multi-channel decoder 230 can control object gains of specific time and
frequency using the ADG parameter.

Meanwhile, a case that the received stereo downmix signal outputs as a
stereo channel can be defined the following formula 1.

[formula 1]

YI01=w; - gy - ¥0]+wy, - g - X[1]
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Y11= wy, - go - 201+ wy, - g, - 1]

where x[] is input channels, y[] is output channels, gx is gains, and wxx is
reight.

It is necessary to control cross-talk between left channel and right channel in
rder to object panning. In particular, a part of left channel of downmix signal may
utput as a right channel of output signal, and a part of right channel of downmix
ignal may output as left channel of output signal. In the formula 1, w12 and wa
aay be a cross-talk component (in other words, cross-term).

The above-mentioned case corresponds to 2-2-2 configuration, which means
~channel input, 2-channel transmission, and 2-channel output. In order to perform
he 2-2-2 configuration, 5-2-5 configuration (2-channel input, 5-channel
ransmission, and 2 channel output) of conventional channel-oriented spatial audio
'oding (ex: MPEG surround) can be used. At first, in order to output 2 channels for
2-2-2 configuration, certain channel among 5 output channels of 5-2-5 configuration
-an be set to a disable channel (a fake channel). I‘n order to give cross-talk between

)-transmitted channels and 2-output channels, the above-mentioned CLD and CPC
nay be adjusted. In brief, gain factor gx in the formula 1 is obtained using the above
mnentioned ADG, and weighting factor wii~w2in the formula 1 is obtained using

CLD and CPC.
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In implementing the 2-2-2 configuration using 5-2-5 configuration, in order
0 reduce complexity, default mode of conventional spatial audio coding may be
ipplied. Since characteristic of default CLD is supposed to output 2-channel, it is
ible to reduce computing amount if the default CLD is applied. Particularly, since
here is no need to synthesis a fake channel, it is able to reduce computing amount
argely. Therefore, applying the default mode is proper. In particular, only default
-LD of 3 CLDs (corresponding to 0, 1, and 2 in MPEG surround standard) is used
'or decoding. On the other hand, 4 CLDs among left channel, right channel, and
renter channel (corresponding to 3, 4, 5, and 6 in MPEG surround standard) and 2
ADGs (corresponding to 7 and 8 in MPEG surround standard) is generated for
>ontrolling object. In this case, CLDs corresponding 3 and 5 describe channel level
lifference between left channel plus right channel and center channel ((I+r)/c) is
oroper to set to 150dB (approximately infinite) in order to mute center channel.
And, in order to implement cross-talk, energy based up-mix or prediction based
ip-mix may be performed, which is invoked in case that TTT mode
bsTttModeLow’ in the MPEG surround standard) corresponds to energy-based
node (with subtraction, matrix compatibility enabled) (3*d mode), or prediction
node (1t mode or 2nd mode).

FIG. 3 is an exemplary block diagram of an apparatus for processing an

audio signal according to another embodiment of the present invention
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orresponding to first scheme. Referring to FIG. 3, an apparatus for processing an
udio signal according to another embodiment of the present invention 300
hereinafter simply a decoder 300) may include a information generating unit 310, a
cene rendering unit 320, a multi-channel decoder 330, and a scene remixing unit
50.

The information generating unit 310 can be configured to receive a side
nformation including an object parameter from an encoder if the downmix signal
orresponds to mono channel signal (i.e., the number of downmix channel is ‘1),
nay receive a mix information from a user interface, and may generate a multi-
‘hannel parameter using the side information and the mix information. The
wmber of downmix channel can be estimated based on a flag information
ncluded in the side information as well as the downmix signal itself and user
ielection. The information generating unit 310 may have the same configuration of
he former information generating unit 210. The multi-channel parameter is
nputted to the multi-channel decoder 330, the multi-channel decoder 330 may
1ave the same configuration of the former multi-channel decoder 230.

The scene rendering unit 320 can be configured to receive a side information
ncluding an object parameter from and encoder if the downmix signal corresponds
‘0 non-mono channel signal (i.e., the number of downmix channel is more than ‘2),

nay receive a mix information from a user interface, and may generate a remixing
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)arameter using the side information and the mix information. The remixing
rarameter corresponds to a parameter in order to remix a stereo channel and
;enerate more than 2-channel outputs. The remixing parameter is inputted to the
cene remixing unit 350. The scene remixing unit 350 can be configured to remix
he downmix signal using the remixing parameter if the downmix signal is more
han 2-channel signal.

In brief, two paths could be considered as separate implementations for
ieparate applications in a decoder 300.

1.2 Modifying a multi-channel decoder

Second scheme may modify a conventional multi-channel decoder. At first, a
:ase of using virtual output for controlling object gains and a case of modifying a
ievice setting for controlling object panning shall be explained with reference to
3IG. 4 as follow. Subsequently, a case of Performing TBT(2x2) functionality in a
nulti-channel decoder shall be explained with reference to FIG. 5.

FIG. 4 is an exemplary block diagram of an apparatus for processing an
audio signal according to one embodiment of present invention corresponding to
the second scheme. Referring to FIG. 4, an apparatus for processing an audio signal
according to one embodiment of present invention corresponding to the second
scheme 400 (hereinafter simply ‘a decoder 400") may include an information

generating unit 410, an internal multi-channel synthesis 420, and an output
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aapping unit 430. The internal multi-channel synthesis 420 and the output
napping unit 430 may be included in a synthesis unit.

The information generating unit 410 can be configured to receive a side
nformation including an object parameter from an encoder, and a mix parameter
rom a user interface. And the information generating unit 410 can be configured to
renerate a multi-channel parameter and a device setting information using the side
nformation and the mix information. The multi-channel parameter may have the
ame configuration of the former multi-channel parameter. So, details of the multi-
‘hannel parameter shall be omitted in the following description. The device setting
nformation may correspond to parameterized HRTF for binaural processing,
~hich shall be explained in the description of ‘1.2.2 Using a device setting
nformation’.

The internal multi-channel synthesis 420 can be configured to receive a
multi-channel parameter and a device setting information from the parameter
generation unit 410 and downmix signal from an encoder. The internal multi-
channel synthesis 420 can be configured to generate a temporal multi-channel
output including a virtual output, which shall be explained in the description of
1.2.1 Using a virtual Qutput’.

1.2.1 Using a virtual output
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Since multi-channel parameter (ex.: CLD) can control object panning, it is
wrd to control object gain as well as object panning by a conventional multi-
1annel decoder.

Meanwhile, in order to object gain, the decoder 400 (especially the internal
wlti-channel synthesis 420) may map relative energy of object to a virtual channel
x: center channel). The relative energy of object corresponds to energy to be
sduced. For example, in order to mute certain object, the decoder 400 may map
wore than 99.9% of object energy to a virtual channel. Then, the decoder 400
:specially, the output mapping unit 430) does not output the virtual channel to
/hich the rest energy of object is mapped. In conclusion, if more than 99.9% of
bject is mapped to a virtual channel which is not outputted, the desired object can

e almost mute.

1.2.2 Using a device setting information

The decoder 400 can adjust a device setting information in order to control
»bject panning and object gain. For example, the decoder can be configured to
senerate a parameterized HRTF for binaural processing in MPEG Surround
standard. The parameterized HRTF can be variable according to device setting. It is
able to assume that object signals can be controlled according to the following

formula 2.
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[formula 2]

Lnew = a1 * obj1 + a2 * obj2 + a3 * objs + .. + an * Objn,

Rrew = b1 * obj1 + b2 * objz + bs * objs + .. + by *objy,

where objx is object éignals, Lnew and Rpew is a desired stereo signal, and ax
ind bk are coefficients for object control.

An object information of the object signals objx may be estimated from an
»bject parameter included in the transmitted side information. The coefficients ax,
x which are defined according to object gain and object panning may be estimated
rom the mix information. The desired object gain and object panning can be
1djusted using the coefficients ax, bx.

The coefficients ax, bk can be set to correspond to HRTF parameter for
’inaural processing, which shall be explained in details as follow.

In MPEG Surround standard (5-1-51 configuration) (from ISO/IEC FDIS
23003-1:2006(E), Information Technology — MPEG Audio Technologies — Partl:
VIPEG Surround), binaural processing is as below.

[formula 3]

nk nk nk nk n.k
ye' = yiak =H;" ymnk :|: ke hlnzk:I ymnk , 0sk<K
e D(yet)| Lmt myt ]| D(2¥)

where yp is output, the matrix H is conversion matrix for binaural

rocessing.
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[formula 4]
Im I,m
Im hn hl?_
H" = , 0<m<M, ., 0<I<L
1 ; i\ Proc
h2’1 —(hli )

The elements of matrix H is defined as follows:
[formula 5]

H" = ol (cos(IPDY" [2) + jsin(IPDY" /2)) (iid" +ICCL" ) d™

14

[formula 6]

(o) =(Bee) (o) +(Be) (ol) +(B: Ls) (o) +(Bra) (o#") +(Bin) (om) +-

(4)

By Bl ph ol or" ICCY" cos(d )+ ..

P Plrs P02 ol ICCy™ cos (¢LS) +...
B Bing PRt a2 1CCH cos{)

P Birplio) "o ICCY™ cos(g" )+ ..

[formula 7]

10CLD/10 ‘ 1

CLD)})=—s-+ Br{CLD)=——"
With rl( ) 1+10CLD/10 and -( ) 1+10CLD/10 .

1.2.3 Performing TBT(2x2) functionality in a multi-channel decoder
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FIG. 5 is an exemplary block diagram of an apparatus for processing an
wdio signal according to another embodiment of present invention corresponding
0 the second scheme. FIG. 5 is an exemplary block diagram of TBT fuﬁctionality in
1 multi-channel decoder. Referring to FIG. 5, a TBT module 510 can be configured
‘0 receive input signals and a TBT control information, and generate output signals.
The TBT module 510 may be included in the decoder 200 of the FIG. 2 (or in
particular, the multi-channel decoder 230). The multi-channel decoder 230 may be
implemented according to the MPEG Surround standard, which does not put
limitation on the present invention.

[formula 9]
gy il W
Y2 W W | %

where x is input channels, y is output channels, and w is weight.

The output y1 may correspond to a combination input x1 of the downmix
multiplied by a first gain w11 and input x2 multiplied by a second gain wi2.

The TBT control information inputted in the TBT module 510 includes
elements which can compose the weight w (w11, Wiz, Wai, wa).

In MEPG Surround standard, OTT(One-To-Two) module and TTT(Two-To-
Three) module is not proper to remix input signal although OTT module and TTT

module can upmix the input signal.
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In order to remix the input signal, TBT (2x2) module 510 (hereinafter
bbreviated "TBT module 510") may be provided. The TBT module 510 may can be
igured to receive a stereo signal and output the remixed stereo signal. The weight
v may be composed using CLD(s) and ICC(s).

If the weight term w11 ~ w2 is transmitted as a TBT control information, the
lecoder may control object gain as well as object panning using the received
veight term. In transmitting the weight term w, variable scheme may be provided.
At first, a TBT control information includes cross term like the wiz and wor.
secondly, a TBT control information does not include the cross term like the w2
ind wo;. Thirdly, the number of the term as a TBT control information varies
wdaptively.

At first, there is need to receive the cross term like the w12 and wo; in order to
rontrol object panning as left signal of input channel go to right of the output
“hannel. In case of N input channels and M output channels, the terms which
aumber is NxM may be transmitted as TBT control information. The terms can be
juantized based on a CLD parameter quantization table introduced in a MPEG
surround, which does not put limitation on the present invention.

Secondly, unless left object is shifted to right position, (i.e. when left object is
moved to more left position or left posi‘tion adjacent to center position, or when

only level of the object is adjusted), there is no need to use the cross term. In the
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1se, it is proper that the term except for the cross term is transmitted. In case of N
put channels and M output channels, the terms which number is just N may be
-ansmitted.

Thirdly, the number of the TBT control information varies adaptively
ccording to need of cross term in order to reduce the bit rate of a TBT control
formation. A flag information ‘cross_flag’ indicating whether the cross term is
resent or not is set to be transmitted as a TBT control information. Meaning of the
lag information ‘cross_flag’ is shown in the following table 1.

[table 1] meaning of cross_flag

cross_flag meaning
0 no cross term (includes only non-cross term)

(only w11 and wa are present)

1 includes cross term

(w11, wiz, way, and wa are present)

In case that ‘cross_flag’ is equal to 0, the TBT control information does not
nclude the cross term, only the non-cross term like the w11 and wz is present.
Dtherwise (‘cross_flag’ is equal to 1), the TBT control information includes the cross
erm.

Besides, a flag information ‘reverse_flag’ indicating whether cross term is
bresent or non-cross term is present is set to be transmitted as a TBT control
nformation. Meaning of flag information ‘reverse_flag’ is shown in the following

-able 2.
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[table 2] meaning of reverse_flag
reverse_flag meaning
0 no cross term (includes only non-cross term)

(only w11 and w2, are present)

1 only cross term

(only w12 and w2 are present)

In case that ‘reverse_flag’ is equal to 0, the TBT control information does not
nclude the cross term, only the non-cross term like the w1 and wx is present.
dtherwise (‘reverse_flag’ is equal to 1), the TBT control information includes only
he cross term.

Futhermore, a flag information ‘side_flag’ indicating whether cross term is
resent and non-cross is present is set to be transmitted as a TBT control

nformation. Meaning of flag information ‘side_flag’ is shown in the following table

[table 3] meaning of side_config

side_config meaning

0 no cross term (includes only non-cross term)

(only w11 and w2, are present)

1 includes cross term

(W11, Wiz, W21, and waz are present)

2 reverse

(only w12 and w21 are present)
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Since the table 3 corresponds to combination of the table 1 and the table 2,
>tails of the table 3 shall be omitted.

1.2.4 Performing TBT(2x2) functionality in a multi-channel decoder by
odifying a binaural decoder

The case of “1.2.2 Using a device setting information’ can be performed
ithout modifying the binaural decoder. Hereinafter, performing TBT
icnctionality by modifying a binaural ciecoder employed in a MPEG Surround
ecoder, with reference to FIG. 6.

FIG. 6 is an exemplary block diagram of an apparatus for processing an
udio signal according to the other embodiment of present invention
orresponding to the second scheme. In particular, an apparatus for processing an
udio signal 630 shown in the FIG. 6 may correspond to a binaural decoder
ncluded in the multi-channel decoder 230 of FIG. 2 or the synthesis unit of FIG. 4,
vhich does not put limitation on the present invention.

An apparatus for processing an audio signal 630 (hereinafter ‘a binaural
lecoder 630") may include a QMF analysis 632, a parameter conversion 634, a
;patial synthesis 636, and a QMF synthesis 638. Elements of the binaural decoder
330 may have the same configuration of MPEG Surround binaural decoder in
MPEG Surround standard. For example, the spatial synthesis 636 can be configured

to consist of 1 2x2 (filter) matrix, according to the following formula 10:
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[formula 10}

yL N,-1 hn—i,k hn—i,k yL—l &
n,k B n—i,k n—z k _ 11 12 0
ye { } ZH _Z{ . el 2 b 0<k<K

=) [ S | B %

with yo being the QMF-domain input channels and ys being the binaural
utput channels, k represents the hybrid QMF channel index, and i is the HRTF
ilter tap index, and n is the QMF slot index. The binaural decoder 630 can be
:onfigured to perform the above-mentioned functionality described in subclause
1.2.2 Using a device setting information’. However, the elements h; may be
renerated using a multi-channel parameter and a mix information instead of a
nulti-channel parameter and HRTF parameter. In this case, the binaural decoder
»00 can perform the functionality of the TBT module 510 in the FIG. 5. Details of the
2lements of the binaural decoder 630 shall be omitted.

The binaural decoder 630 can be operated according to a flag information
binaural_flag’. In particular, the binaural decoder 630 can be skipped in case that a
lag information binaural flag is ‘0’, otherwise .(the binaural_flag is ‘1"), the
sinaural decoder 630 can be operated as below.

[table 4] meaning of binaural_flag

binaural_flag | Meaning

0 not binaural mode (a binaural decoder is deactivated)

1 binaural mode (a binaural decoder is activated)
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1.3 Processing downmix of audio signals before being inputted to a multi-

hannel decoder

The first scheme of using a conventional multi-channel decoder have been
xplained in subclause in ‘1.1’, the second scheme of modifying a multi-channel
ecoder have been explained in subclause in “1.2". The third scheme of processing
ownmix of audio signals before being inputted to a multi-channel decoder shall
e explained as follow.

FIG. 7 is an exemplary block diagram of an apparatus for processing an
udio signal according to one embodiment of the present invention corresponding
o the third scheme. FIG. 8 is an exemplary block diagram of an apparatus for
rocessing an audio signal according to another embodiment of the present
nvention corresponding to the third scheme. At first, Referring to FIG. 7, an
\pparatus for processing an audio signal 700 (hereinafter simply ‘a decoder 700")
nay include an information generating unit 710, a downmix processing unit 720,
ind a multi-channel decoder 730. Referring to FIG. 8, an apparatus for processing
i audio signal 800 (hereinafter simply ‘a decoder 800") may include an
nformation generating unit 810 and a multi-channel synthesis unit 840 having a
multi-channel decoder 830. The decoder 800 may be another aspect of the decoder
700. In other words, the information generating unit 810 has the same configuration

of the information generating unit 710, the multi-channel decoder 830 has the same
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mfiguration of the multi-channel decoder 730, and, the multi-channel synthesis
ait 840 'may has the same configuration of the downmix processing unit 720 and
wlti-channel unit 730. Therefore, elements of the decoder 700 shall be explained in
atails, but details of elements of the decoder 800 shall be omitted.

The information generating unit 710 can be configured to receive a side
iformation including an object parameter from an encoder and a mix information
'om an user-interface, and to generate a multi-channel parameter to be outputted
» the multi-channel decoder 730. From this point of view, the information
enerating unit 710 has the same configuration of the former information
enerating unit 210 of FIG. 2. The downmix processing parameter may correspond
> a parameter for controlling object gain and object panning. For example, it is able
> change either the object position or the object gain in case that the object signal is
scated at both left channel and right channel. It is also able to render the object
ignal to be located at opposite position in case that the object signal is located at
nly one of left channel and right channel. In order that these cases are performed,
he downmix processing unit 720 can be a TBT module (2x2 matrix operation). In
ase that the information generating unit 710 can be configured to generate ADG
lescribed with reference to FIG 2. in order to control object gain, the downmix
>rocessing parameter may include parameter for controlling object panning but

»bject gain.
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Furthermore, the information generating unit 710 can be configured to
ceive HRTF information from HRTF database, and to generate an extra multi-
annel parameter including a HRTF parameter to be inputted to the multi-channel
:coder 730. In this case, the information generating unit 710 may generate multi-
iannel parameter and extra multi-channel parameter in the same subband domain
1d transmit in syncronization with each other to the multi-channel decoder 730.
1e extra multi-channel parameter including the HRTF parameter shall be
:plained in details in subclause ‘3. Processing Binaural Mode'.

The downmix processing unit 720 can be configured to receive downmix of
1 audio signal from an encoder and the downmix processing parameter from the
formation generéting unit 710, and to decompose a subband domain signal using
ibband analysis filter bank. The downmix processing unit 720 can be configured
» generate the processed downmix signal using the downmix signal and the
ownmix processing parameter. In these processing, it is able to pre-process the
ownmix signal in order to control object panning and object gain. The processed
ownmix signal may be inputted to the multi-channel decoder 730 to be upmixed.

Furthermore, the processed downmix signal may be outputted and
laybacked via speaker as well. In order to directly output the processed signal via
peakers, the downmix processing unit 720 may perform synthesis filterbank using

he prepossed subband domain signal and output a time-domain PCM signal. It is
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ble to select whether to directly output as PCM signal or input to the multi-
hannel decoder by user selection.

The multi-channel decoder 730 can be configured to generate multi-channel
utput signal using the processed downmix and the multi-channel parameter. The
aulti-channel decoder 730 may introduce a delay when the processed downmix
ignal and the multi-channel parameter are inputted in the multi-channel decoder
30. The processed downmix signal can be synthesized in frequency domain (ex:
OMF domain, hybrid QMF domain, etc), and the multi-channel parameter can be
ynthesized in time domain. In MPEG surround standard, delay and
iynchronization for connecting HE-AAC is introduced. Therefore, the multi-
‘hannel decoder 730 may introduce the delay according to MPEG Surround
standard.

The configuration of downmix processing unit 720 shall be explained in
Jetail with reference to FIG. 9 ~ FIG. 13.

1.3.1 A general case and special cases of downmix processing unit

FIG. 9 is an exemplary block diagram to explain to basic concept of
rendering unit. Referring to FIG. 9, a rendering module 900 can be configured to
generate M output signals using N input signals, a playback configuration, and a
user control. The N input signals may correspond to either object signals or channel

signals. Furthermore, the N input signals may correspond to either object
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arameter or multi-channel parameter. Configuration of the rendering module 900
m be implemented in one of downmix processing unit 720 of FIG. 7, the former
:ndering unit 120 of FIG. 1, and the former renderer 110a of FIG. 1, which does not
ut limitation on the present invention.

If the rendering module 900 can be configured to directly generate M
hannel signals using N object signals without summing individual object signals
orresponding certain channel, the configuration of the rendering module 900 can
e represented the following formula 11.

[formula 11]

C=RO

Cl Rn Rzl RNI 01
Cz R12 Rzz RNZ 02

- -

Cyvl Ry Ry - Ry | Oy
Ci is a ith channel signal, Oj is jth input signal, and Ry is a matrix mapping j®
nput signal to i channel.
If R matrix is separated into energy component E and de-correlation

zomponent, the formula 11 may be represented as follow.

[formula 12]

C=RO=EO+DO
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—Cl_ _En E?.l ENI--OI_ —Dn D21 DN1T01-
Cz — E12 Ezz T ENz 02 " DIZ Dzz o DNZ O:z
LCM_ _EIM EZM ENM_LON_ LD1M DzM DNM__ON__

It is able to control object positions using the energy component E, and it is
ble to control object diffuseness using the de-correlation component D.

Assuming that only it input signal is inputted to be outputted via j& channel
nd ki channel, the formula 12 may be represented as follow.

[formula 13]
C; :=R/0;
C; _| i cos(@; ;) «; ;sin(@; )| o
Cy By COS(Hk_i) By Sin(gk_i) D(o,)
aj i is gain portion mapped to j channel, Bk is gain portion mapped to ki

‘hannel, 0 is diffuseness level, and D(0)) is de-correlated output.

Assuming that de-correlation is omitted, the formula 13 may be simplified as

ollow.
[formula 14}

Cjk_i = RiOi

C, ;| |a;_icos(d; ;)
Cy s B ﬁk_icos(ek_i) %
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If weight values for all inputs mapped to certain channel are estimated
cording to the above-stated method, it is able to obtain weight values for each
iannel by the following method.

1) Summing weight values for all inputs mapped to certain channel. For

example, in case that input 1 O1 and input 2 O is inputted and output

channel corresponds to left channel L, center channel C, and right channel R,

a total weight values dr oy, ac(tor) , OR(ot) May be obtained as follows:

[formula 15]

aL(tot) = aLl

Acrory = Aoy T U

X p(tor)y = Xr2

where arz is a weight value for input 1 mapped to left channel L, aci is a
veight value for input 1 mapped to center channel C, acz is a weight value for
nput2 mapped to center channel C, and ar is a weight value for input 2 mapped
o right channel R.

In this case, only input 1 is mapped to left channel, only input 2 is mapped
o right channel, input 1 and input 2 is mapped to center channel together.

2) Summing weight values for all inputs mapped to certain channel, then

dividing the sum into the most dominant channel pair, and mapping de-

correlated signal to the other channel for surround effect. In this case, the
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dominant channel péir may correspond to left channel and center channel in
case that certain input is positioned at point between left and center.

3) Estimating weight value of the most dominant channel, giving attenuated
correlated signal to the other channel, which value is a relative value of the
estimated weight value.

4) Using weight values for each channel pair, combining the de-correlated

signal properly, then setting to a side information for each channel.

1.3.2 A case that downmix processing unit includes a mixing part
orresponding to 2x4 matrix

FIGS. 10A to 10C are exemplary block diagrams of a first embodiment of a
lownmix processing unit illustrated in FIG. 7. As previously stated, a first
mbodiment of a downmix processing unit 720a (hereinafter simply ‘a downmix
rocessing unit 720a’) may be implementation of rendering module 900.

First of all, assuming that D11 = D21 =aD and D12 = D22 =bD , the
ormula 12 is simplified as follow.

[formula 15]

G| |Ey Ey |0 N aD aD || O,
C,| |E. E,|O,| |bD bD|oO,
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The downmix processing unit according to the formula 15 is illustrated FIG.
)A. Referring to FIG. 10A, a downmix processing unit 720a can be configured to
ypass input signal in case of mono input signal (m), and to process input signal in
ase of stereo input signal (L, R). The downmix processing unit 720a may include a
e-correlating part 722a and a mixing part 724a. The de-correlating part 722a has a
e-correlator aD and de-correlator bD which can be configured to de-correlate
1put signal. The de-correlating part 722a may correspond to a 2x2 matrix. The
1ixing part 724a can be configured to map input signal and the de-correlated
ignal to each channel. The mixing part 724a may correspond to a 2x4 matrix.

Secondly, assuming that Du = aDl , D21 = bDl , D12 = CD;_ , and

D,, = dD, , the formula 12 is simplified as follow.

[formula 15-2]
<l zloka wlel
C, E, E,|O0, c¢D, dD, | O,

The downmix processing unit according to the formula 15 is illustrated FIG.
l0B. Referring to FIG. 10B, a de-correlating part 722" including two de-correlators
D1, D2 can be configured to generate de-correlated signals Di(a*O1+b*Oy),
D2(c*O1+d*O2).

Thirdly, assuming that D11 = D1 y Dzl =0, D12 =0, and D22 = Dz ’

the formula 12 is simplified as follow.
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[formula 15-3]
clz 2]o e alal
C, E, Ey|0 0 D, |0,

The downmix processing unit according to the formula 15 is illustrated FIG.
0C. Referring to FIG. 10C, a de-correlating part 722" including two de-correlators
)1, D2 can be configured to generate de-correlated signals D1(Ox1), D2(Oz).

1.3.2 A case that downmix processing unit includes a mixing part

:orresponding to 2x3 matrix

The foregoing formula 15 can be represented as follow:

[formula 16]
. [q] _ [E“ E,, ][01}{611)(01 + 02)]
C, E, E,]|O, bD(O, +0,)
0,
_ [En E, « } 0
|E, E, B 2
= 7= 74p©+0)

The matrix R is a 2x3 matrix, the matrix O is a 3x1 matrix, and the C is a 2x1
matrix.

FIG. 11 is an exemplary block diagram of a second embodiment of a
downmix processing unit illustrated in FIG. 7. As previously stated, a second
embodiment of a downmix processing unit 720b (hereinafter simply ‘a downmix
processing unit 720b’) may be implementation of rendering module 900 like the

downmix processing unit 720a. Referring to FIG. 11, a downmix processing unit
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'0b can be configured to skip input signal in case of mono input signal (m), and to
‘ocess input signal in case of stereo input signal (L, R). The downmix processing
nit 720b may include a de-correlating part 722b and a mixing part 724b. The de-
»rrelating part 722b has a de-correlator D which can be configured to de-correlate
iput signal O1, O2 and output the de-correlated signal D(O:1+Oz). The de-
srrelating part 722b may correspond to a 1x2 matrix. The mixing part 724b can be
snfigured to map input signal and the de-correlated signal to each channel. The
rixing part 724b may correspond to a 2x3 matrix which can be shown as a matrix
_in the formula 16.

Furthermore, the de-correlating part 722b can be configured to de-correlate a
lifference signal O1-O2 as common signal of two input signal O1, Oz2. The mixing
vart 724b can be configured to map input signal and the de-correlated common
ignal to each channel.

1.3.3 A case that downmix processing unit includes a mixing part with
ieveral matrixes

Certain object signal can be audible as a similar impression anywhere
vithout being positioned at a specified position, which may be called as a ‘spatial
sound signal’. For example, applause or noises of a concert hall can be an example
>f the spatial sound signal. The spatial sound signal needs to be playback via all

speakers. If the spatial sound signal playbacks as the same signal via all speakers, it
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hard to feel spatialness of the signal because of high inter-correlation (IC) of the
ynal. Hence, there’s need to add correlated signal to the signal of each channel
rnal.

FIG. 12 is an exemplary block diagram of a third embodiment of a downmix
-ocessing unit illustrated in FIG. 7. Referring to FIG.12, a third embodiment of a
>wnmix processing unit 720c (hereinafter simply ‘a downmix processing unit
20c’) can be configured to generate spatial sound signal using input signal Oy,
‘hich may include a de-correlating part 722c with N de-correlators and a mixing
art 724c. The de-correlating part 722c may have N de-correlators Dy, Do, -+, Dn
thich can be cbnfigured to de-correlate the input signal O:. The mixing part 724c
1ay have N matrix Rj, Rx, -, Rt which can be configured to generate output signals
5, Cx, -, 1 using the input signal O; and the de-correlated signal Dx(O;). The R;
aatrix can be represented as the following formula.

[formula 17]

C, ,=R,0,

: o,
C, . =la, ;cos6, ) a, Sm(ng)L)x(o,.)}

O; is ith input signal, R; is a matrix mapping it input signal O to j™® channel,

nd Cj; is jt output signal. The 6;; value is de-correlation rate.
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The 6 value can be estimated base on ICC included in multi-channel
rarameter. Furthermore, the mixing part 724c can generate output signals base on
patialness information composing de-correlation rate 6j; received from user-
nterface via the information generating unit 710, which does not put limitation on
resent invention.

The number of de-correlators (N) can be equal to the number of output
hannels. On the other hand, the de-correlated signal can be added to output
hannels selected by user. For example, it is able to position certain spatial sound
ignal at left, right, and center and to output as a spatial sound signal via left
hannel speaker.

1.3.4 A case that downmix processing unit includes a further downmixing
rart

FIG. 13 is an exemplary block diagram of a fourth embodiment of a
lownmix processing unit illustrated in FIG. 7. A fourth embodiment of a downmix
>rocessing unit 720d (hereinafter simply ‘a downmix processing unit 720d") can be
onfigured to bypass if the input signal corresponds to a mono signal (m). The
lownmix processing unit 720d includes a further downmixing part 722d which can
»e configured to downmix the stereo signal to be mono signal if the input signal
:orresponds to a stereo signal. The further downmixed mono channel (m) is used

18 input to the multi-channel decoder 730. The multi-channel decoder 730 can
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ntrol object panning (especially cross-talk) by using the mono input signal. In
is case, the information generating unit 710 may generate a multi-channel
arameter base on 5-1-51 configuration of MPEG Surround standard.

Furthermore, if gain for the mono downmix signal like the above-mentioned
rtistic downmix gain ADG of FIG. 2 is applied, it is able to control object panning
nd object gain more easily. The ADG may be generated by the information

enerating unit 710 based on mix information.

2. Upmixing channel signals and controlling object signals

FIG. 14 is an exemplary block diagram of a bitstream structure of a
ompressed audio signal according to a second embodiment of present invention.
1G. 15 is an exemplary block diagram of an apparatus for processing an audio
ignal according to a second embodiment of present invention. Referring to (a) of
IG. 14, downmix signal a, multi-channel parameter , and object parameter y are
ncluded in the bitstream structure. The multi-channel parameter f is a parameter
‘or upmixing the downmix signal. On the other hand, the object parameter y is a
parameter for controlling object panning and object gain. Referring to (b) of FIG. 14,
downmix signal a, a default parameter §’, and object parameter y are included in
the bitstream structure. The default parameter p’ may include preset information

for controlling object gain and object panning. The preset information may
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orrespond to an example suggested by a producer of an encoder side. For example,
reset information may describes that guitar signal is located at a point between
>ft and center, and guitar’s level is set to a certain volume, and the number of
utput channel in this time is set to a certain channel. The default parameter for
ither each frame or specified frame may be present in the bitstream. Flag
nformation indicating whether default parameter for this frame is different from
lefault parameter of previous frame or not may be present in the bitstream. By
ncluding default parameter in the bitstream, it is able to take less bitrates than side
nformation with object parameter is included in the bitstream. Furthermore,
weader information of the bitstream is omitted in the FIG. 14. Sequence of the
itstream can be rearranged.

Referring to FIG. 15, an apparatus for processing an audio signal according
o a second embodiment of present invention 1000 (hereinafter simply ‘a decoder
000") may include a bitstream de-multiplexer 1005, an information generating unit
010, a downmix processing unit 1020, and a multil-channel decoder 1030. The de-
nultiplexer 1005 can be configured to divide the multiplexed audio signal into a
lownmix a, a first multi-channel parameter {3, and an object parameter y. The
nformation generating unit 1010 can be Conﬂgured to generate a second multi-
‘hannel parameter using an object parameter y and a mix parameter. The mix

>arameter comprises a mode information indicating whether the first multi-
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rannel information P is applied to the processed downmix. The mode information
\ay corresponds to an information for selecting by a user. According to the mode
formation, the information generating information 1020 decides whether to
ansmit the first multi-channel parameter P or the second multi-channel parameter.

The downmix processing unit 1020 can be configured to determining a
rocessing scheme according to the mode information included in the mix
sformation. Furthermore, the downmix processing unit 1020 can be configured to
rocess the downmix a according to the determined processing scheme. Then the
lownmix processing unit 1020 transmits the processed downmix to multi-channel
lecoder 1030.

The multi-channel decoder 1030 can be configured to receive either the first
nulti-channel parameter 8 or the second multi-channel parameter. In case that
lefault parameter B’ is included in the bitstream, the multi-channel decoder 1030
:an use the default parameter ' instead of multi-channel parameter f.

Then, the multi-channel decoder 1030 can be configured to generate multi-
“hannel output using the processed downmix signal and the received multi-
channel parameter. The multi-channel decoder 1030 may have the same
configuration of the former multi-channel decoder 730, which does not put

limitation on the present invention.
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3. Binaural Processing

A multi-channel decoder can be operated in a binaural mode. This enables a
nulti-channel impression over headphones by means of Head Related Transfer
‘unction (HRTF) filtering. For binaural decoding side, the downmix signal and
nulti-channel parameters are used in combination with HRTF filters supplied to
he decoder.

FIG. 16 is an exemplary block diagram of an apparatus for processing an
wdio signal according to a third embodiment of present invention. Referring to
1G. 16, an apparatus for processing an audio signal according to a third
:mbodiment (hereinafter simply ‘a decoder 1100") may comprise an information
renerating unit 1110, a downmix processing unit 1120, and a multi-channel
lecoder 1130 with a sync matching part 1130a.

The information generating unit 1110 may have the same configuration of
‘he information generating unit 710 of FIG. 7, with generating dynamic HRTFE. The
downmix processing unit 1120 may have the same configuration of the downmix
processing unit 720 of FIG. 7. Like the preceding elements, multi-channel decoder
1130 except for the sync matching part 1130a is the same case of the former
elements. Hence, details of the information generating unit 1110, the downmix

processing unit 1120, and the multi-channel decoder 1130 shall be omitted.
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The dynamic HRTF describes the relation between object signals and virtual
peaker signals corresponding to the HRTF azimuth and elevation angles, which is
ime-dependent information according to real-time user control.

The dynamic HRTF may correspond to one of HTRF filter coefficients itself,
arameterized coefficient information, and index information in case that the
nulti-channel decoder comprise all HRTF filter set.

There’s need to match a dynamic HRTF information with frame gf downmix
ignal regardless of kind of the dynamic HRTF. In order to match HRTF
nfofmation with downmix signal, it able to provide three type of scheme as
ollows:

1) Inserting a tag information into each HRTF information and bitstream
lownmix signal, then matching the HRTF with bitstream downmix signal based on
he inserted tag information. In this scheme, it is proper that tag information may
e included in ancillary field in MPEG Surround standard. The tag information
nay be represented as a time information, a counter information, a index
nformation, etc.

2) Inserting HRTF information into frame of bitstream. In this scheme, it is
»ossible to set to mode information indicating whether current frame corresponds

0 a default mode or not. If the default mode which describes HRTF information of
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wrrent frame is equal to the HRTF information of previous frame is applied, it is
sle to reduce bitrates of HRTF information.

2-1) Furthermore, it is possible to define transmission information indicating
‘hether HRTF information of current frame has already transmitted. If the
ansmission information which describes HRTF information of current frame is
jual to the transmitted HRTF information of frame is applied, it is also possible to
>duce bitrates of HRTF information.

3) Transmitting several HRTF informations in advance, then transmitting
lentifying information indicating which HRTF among the transmitted HRTF
aformations per each frame.

Furthermore, in case that HTRF coefficient varies suddenly, distortion may
)e generated. In order to reduce this distortion, it is proper to perform smoothing

f coefficient or the rendered signal.

4. Rendering

FIG. 17 is an exemplary block diagram of an apparatus for processing an
wdio signal according to a fourth embodiment of present invention. The apparatus
‘or processing an audio signal according to a fourth embodiment of present
nvention 1200 (hereinafter simply ‘a processor 1200") may comprise an encoder

1210 at encoder side 12004, and a rendering unit 1220 and a synthesis unit 1230 at
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ecoder side 1200B. The encoder 1210 can be configured to receive multi-channel
bject signal and generate a downmix of audio signal and a side information. The
>ndering unit 1220 can be configured to receive side information from the encoder
210, playback configuration and user control from a device setting or a user-
aterface, and generate rendering information using the side information, playback
onfiguration, and user control. The synthesis unit 1230 can be configured to
ynthesis multi-channel output signal using the rendering information and the
eceived downmix signal from an encoder 1210.

4.1 Applying effect-mode

The effect-mode is a mode for remixed or reconstructed signal. For example,
ive mode, club band mode, karaoke mode, etc may be present. The effect-mode
nformation may correspond to a mix parameter set generated by a producer, other
1ser, etc. If the effect-mode information is applied, an end user don't have to
-ontrol object panning and object gain in full because user can select one of pre-
Jetermined effect-mode informations.

Two methods of generating an effect-mode information can be distinguished.
First of all, it is possible that an effect-mode information is generated by encoder
1200A and transmitted to the decoder 1200B. Secondly, the effect-mode information
may be generated automatically at the decoder side. Details of two methods shall

be described as follow.
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4.1.1 Transmitting effect-mode information to decoder side

The effect-mode information may be generated at an encoder 1200A by a
roducer. According to this method, the decoder 1200B can be configured to
eceive side information including the effect-mode information and output user-
nterface by which a user can select one of effect-mode informations. The decoder
200B can be configured to generate output channel base on the selected effect-
node information.

Furthermore, it is inappropriate to hear downmix signal as it is for a listener
n case that encoder 1200A downmix the signal in order to raise quality of object
iignals. However, if effect-mode information is applied in the decoder 12008, it is
>ossible to playback the downmix signal as the maximum quality.

4.1.2 Generating effect-mode information in decoder side

The effect-mode information may be generated at a decoder 1200B. The
Jecoder 1200B can be configured to search appropriate effect-mode informations
for the downmix signal. Then the decoder 1200B can be configured to select one of
the searched effect-mode by itself (automatic adjustment mode) or enable a user to
select one of them (user selection mode). Then the decoder 1200B can be configured
to obtain object information (number of objects, instrument names, etc) included in
side information, and control object based on the selected effect-mode information

and the object information.
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Furthermore, it is able to control similar objects in a lump. For example,
nstruments associated with a rhythm may be similar objects in case of ‘rhythm
mpression mode’. Controlling in a lump means controlling each object
imultaneously rather than controlling objects using the same parameter.

Furthermore, it is able to control object based on the decoder setting and
levice environment (including whether headphones or speakers). For example,
»bject corresponding to main melody may be emphasized in case that volume
setting of device is low, object corresponding to main melody may be repressed in
:ase that volume setting of device is high.

4.2 Object type of input signal at encoder side

The input signal inputted to an encoder 1200A may be classified into three
:ypes as follow.

1) Mono object (mono channel object)

Mono object is most general type of object. It is possible to synthesis internal
downmix signal by simply summing objects. It is also possible to synthesis internal
downmix signal using object gain and object panning which may be one of user
control and provided information. In generating internal downmix signal, it is also
possible to generate rendering information using at least one of object characteristic,

user input, and information provided with object.
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In case that external downmix signal is present, it is possible to extract and
ansmit information indicating relation between external downmix and object.

2) Stereo object (stereo channel object)

It is possible to synthesis internal downmix signal by simply summing
sjects like the case of the former mono object. It is also possible to synthesis
tternal downmix signal using object gain and object panning which may be one of
ser control and provided information. In case that downmix signal corresponds to
mono signal, it is possible that encoder 1200A use object converted into mono
gnal for generating downmix signal. In this case, it is able to extract and transfer
formation associated with object (ex: panning information in each time-frequency
omain) in converting into mono signal. Like the preceding mono object, in
enerating internal downmix signal, it is also possible to generate rendering
aformation using at least one of object characteristic, user input, and information
rovided with object. Like the preceding mono object, in case that external
lownmix signal is present, it is possible to extract and transmit information
ndicating relation between external downmix and object.

3) Multi-channel object
In case of multi-channel object, it is able to perform the above mentioned
nethod described with mono object and stereo object. Furthermore, it is able to

nput multi-channel object as a form of MPEG Surround. In this case, it is able to
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>nerate object-based downmix (ex: SAOC downmix) using object downmix
1annel, and use multi-channel information (ex: spatial information in MPEG
arround) for generating multi-channel information and rendering information.
lence, it is possible to reduce computing amount because multi-channel object
resent in form of MPEG Surround don’t have to decode and encode using object-
riented encoder (ex: SAOC encoder). If object downmix corresponds to stereo and
bject-based downmix (ex: SAOC downmix) corresponds to mono in this case, it is
ossible to apply the above-mentioned method described with stereo object.

4) Transmitting scheme for variable type of object

As stated previously, variable type of object (mono object, stereo object, and
multi-channel object) may be transmitted from the encoder 1200A to the decoder.
1200B. Transmitting scheme for variable type of object can be provided as follow:

Referring to FIG. 18, when the downmix includes a plural object, a side
nformation includes information for each object. For example, when a plural object
onsists of Nth mono object (A), left channel of N+1th object (B), and right channel
»f N+1th object (C), a side information includes information for 3 objects (A, B, C).

The side information may comprise correlation flag information indicating
vhether an object is part of a stereo or multi-channel object, for example, mono
sbject, one channel (L or R) of stereo object, and so on. For example, correlation flag

nformation is ‘0" if mono object is present, correlation flag information is “1” if one
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annel of stereo object is present. When one part of stereo object and the other part
'stereo object is transmitted in succession, correlation flag information for other
irt of stereo object may be any value (ex: ‘0’, ‘1’, or whatever). Furthermore,
rrelation flag information for other part of stereo object may be not transmitted.
Furthermore, in case of multi-channel object, correlation flag information for
ne part of multi-channel object may be value describing number of multi-channel
bject. For example, in case of 5.1 channel object, correlation flag information for
ft channel of 5.1 channel may be ‘5’, correlation flag information for the other
hannel (R, Lr, Rr, C, LFE) of 5.1 channel may be either ‘0’ or not transmitted.
4.3 Object attribute
Object may have the three kinds of attribute as follows:
a) Single object
Single object can be configured as a source. It is able to apply one parameter
o single object for controlling object panning and object gain in generating
lownmix signal and reproducing. The ‘one parameter’ may mean not only one
»arameter for all time/frequency domain but also one parameter for each
ime/frequency slot.
b) Grouped object
Single object can be configured as more than two sources. It is able to apply

one parameter to grouped object for controlling object panning and object gain
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though grouped object is inputted as at least two sources. Details of the grouped
>bject shall be explained with reference to FIG. 19 as follows: Referring to FIG. 19,
in encoder 1300 includes a grouping unit 1310 and a downmix unit 1320. The
rrouping unit 1310 can be configured to group at least two objects among inputted
nulti-object input, base on a grouping information. The grouping information may
e generated by producer at encoder side. The downmix unit 1320 can be
-onfigured to generate downmix signal using the grouped object generated by the
zrouping unit 1310. The downmix unit 1320 can be configured to generate a side
information for the grouped object.

¢) Combination object

Combination object is an object combined with at least one source. It is
possible to control object panning and gain in a lump, but keep relation between
combined objects unchanged. For example, in case of drum, it is possible to control
drum, but keep relation between base drum, tam-tam, and symbol unchanged. For
example, when base drum is located at center point and symbol is located at left
point, it is possible to positioning base drum at right point and positidning symbol
at point between center and right in case that drum is moved to right direction.

Relation information between combined objects may be transmitted to a
decoder. On the other hand, decoder can extract the relation information using

combination object.
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4 4 Controlling objects hierarchically

It is able to control objects hierarchically. For example, after controlling a
rum, it is able to control each sub-elements of drum. In order to control objects
ierarchically, three schemes is provided as follows:

a) UI (user interface)

Only representative element may be displayed without displaying all objects.
 the representative element is selected by a user, all objects display.

b) Object grouping

After grouping objects in order to represent representative element, it is
yossible to control representative element to control all objects grouped as
epresentative element. Information extracted in grouping process may be
ransmitted to a decoder. Also, the grouping information may be generated in a
lecoder. Applying control information in a lump can be performed based on pre-
letermined control information for each element.

¢) Object configuration

It is possible to use the above-mentioned combination object. Information
~oncerning element of combination object can be generated in either an encoder or
2 decoder. Information concerning elements from an encoder can be transmitted as

a different form from information concerning combination object.
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It will be apparent to those skilled in the art that various modifications and
ariations can be made in the present invention without departing from the spirit
- scope of the inventions. Thus, it is intended that the present invention covers the
odifications and variations of this invention provided they come within the scope
f the appended claims and their equivalents.

[Industrial Applicability]
Accordingly, the present invention is applicable to encode and decode an

udio signal.
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[CLAIMS]
1. A method for processing an audio signal, comprising;:
receiving a downmix signal in time domain;
if the downmix signal corresponds to a mono signal, bypassing the
downmix signal;
if the number of channel of the downmix signal corresponds to at least
two, decomposing the downmix signal into a subband signal, and processing
the subband signal using a downmix processing information,
| wherein the downmix processing information is estimated based on an

object information and a mix information.

2. The method of claim 1, wherein the number of channel of the downmix signal

is equal to the number of channel of the processed downmix signal.

3. The method of claim 1, wherein the object information is included in a side
information, and the side information includes a correlation flag information

indicating whether an object is part of at least two channel object.

4. The method of claim 1, wherein the object information includes at least one of

an object level information and an object correlation information.

5. The method of claim 1, wherein the downmix processing information
corresponds to an information for controlling object panning if the number of

channel the downmix signal corresponds to at least two.

6. The method of claim 1, wherein the downmix processing information

corresponds to an information for controlling object gain.
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7. The method of claim 1, further comprising;:

generating a multi-channel signal using the processed subband signal.

8. The method of claim 7, further comprising
generating a multi-channel information using the object information
and the mix information,

wherein the multi-channel signal is generated based on the multi-

channel information.

9. The method of claim 1, further comprising:

downmixing the downmix signal to be a mono signal if the downmix

signal corresponds to a stereo signal.

10. The method of claim 1, wherein the mix information is generated using at
least one of an object position information and a playback configuration

information.

11. The method of claim 1, wherein the downmix signal is received as a

broadcast signal.

12. The method of claim 1, wherein the downmix signal is received on a digital

medium.
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14.
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A computer-readable medium having instructions stored thereon, which,
when executed by a processor, causes the processor to perform operations,
comprising;:

receiving a downmix signal in time domain;

if the downmix signal corresponds to a mono signal, bypassing the
downmix signal;

if the number of channel of the downmix signal corresponds to at least
two, decomposing the downmix signal into a subband signal, and processing
the subband signal using a downmix processing information,

wherein the downmix processing information is estimated based on an

object information and a mix information.

An apparatus for processing an audio signal, comprising:

a receiving unit receiving a downmix signal in time domain; and,

a downmix processing unit bypassing the downmix signal if the
downmix signal corresponds to a mono signal, and decomposing the
downmix signal into a subband signal and processing the subband signal
using a downmix processing information if the number of channel of the
downmix signal corresponds to at least two,

wherein the downmix processing information is estimated based on an

object information and a mix information.
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