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Description

Title of Invention: 3D SOUND REPRODUCING METHOD AND

[1]

[2]

[3]

[4]

[S]

[6]

7]

5]

9]

APPARATUS
Technical Field

Methods and apparatuses consistent with exemplary embodiments relate to re-
producing three-dimensional (3D) sound, and more particularly, to localizing a virtual

sound source to a predetermined elevation.

Background Art

With developments in video and sound processing technologies, contents having
high image and sound quality are being provided. Users demanding contents having
high image and sound quality now require realistic images and sound, and accordingly,
research into 3D 1image and sound 1s being actively conducted.

3D sound 1s generated by providing a plurality ot speakers at ditferent positions on a
level surtace and outputting sound signals that are equal to or different from each other
according to the speakers so that a user may experience a spatial eftect. However,
sound may actually be generated trom various elevations, as well as various points on
the level surface. Theretore, a technology ftor etfectively reproducing sound signals

that are generated at different levels trom each other 1s necessary.

Disclosure of Invention
Solution to Problem

The present invention provides a 3D sound reproducing method and apparatus

thereof tor localizing a virtual sound source to a predetermined elevation.

Advantageous Effects of Invention

According to the present embodiment, 1t 1s possible to provide 3D three-dimensional
eftfect. And, according to the present embodiment, it 1s possible that the virtual sound

source may be ettectively localized to a predetermined elevation.

Brief Description of Drawings

The above and other features and advantages ot the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

FIG. 1 1s a block diagram ot a 3D sound reproducing apparatus according to an
exemplary embodiment;

FIG. 2A 1s a block diagram ot the 3D sound reproducing apparatus for localizing a
virtual sound source to a predetermined elevation by using 5-channel signals;

FIG. 2B 1s a block diagram of a 3D sound reproducing apparatus for localizing a
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virtual sound source to a predetermined elevation by using a sound signal according to

another exemplary embodiment;
FIG. 3 is a block diagram of a 3D sound reproducing apparatus for localizing a

virtual sound source to a predetermined elevation by using a 5-channel signal
according to another exemplary embodiment;

FIG. 4 is a diagram showing an example of a 3D sound reproducing apparatus for lo-
calizing a virtual sound source to a predetermined elevation by outputting 7-channel
signals through 7 speakers according to an exemplary embodiment;

FIG. 5 is a diagram showing an example of a 3D sound reproducing apparatus for lo-
calizing a virtual sound source to a predetermined elevation by outputting 5-channel
signals through 7 speakers according to an exemplary embodiment;

FIG. 6 is a diagram showing an example of a 3D sound reproducing apparatus for lo-
calizing a virtual sound source to a predetermined elevation by outputting 7-channel
signals through 5 speakers according to an exemplary embodiment;

FIG. 7 is a diagram of a speaker system for localizing a virtual sound source to a pre-
determined elevation according to an exemplary embodiment; and

FIG. 8 is a flowchart illustrating a 3D sound reproducing method according to an

exemplary embodiment.

Best Mode for Carrying out the Invention

Exemplary embodiments provide a method and apparatus for reproducing 3D sound,
and in particular, a method and apparatus for localizing a virtual sound source to a pre-
determined elevation.

According to an aspect of an exemplary embodiment, there is provided a3D sound
reproducing method, the method including: transmitting a sound signal through a pre-
determined filter generating 3D sound corresponding to a first elevation; replicating
the filtered sound signal to generate a plurality of sound signals; performing at least

one of amplifying, attenuating, and delaying on each of the replicated sound signals

based on at least one of a gain value and a delay value corresponding to each of a
plurality of speakers, through which the replicated sound signals are to be output; and
outputting the sound signals that have undergone at least one of the amplifying, at-
tenuating, and delaying processes through the corresponding speakers.

The predetermined filter may include head related transter function (HRTF).

The transmitting the sound signals through the HRTF may include transmitting at
least one of a left top channel signal representing a sound signal generated from a left
side of a second elevation and a right top channel signal representing a sound signal
generated from a right side of the second elevation through the HR'TF.

The method may further include generating the left top channel signal and the right
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top channel signal by up-mixing the sound signal, when the sound signal does not
include the lett top channel signal and the right top channel signal.

The transmitting the sound signal through the HRTF may include transmitting at
least one of a front left channel signal representing a sound signal generated trom a
front lett side and a tront right channel signal representing a sound signal generated
from a front right side through the HRTF, when the sound signal does not include a lett
top channel signal representing a sound signal generated from a left side of a second
elevation and a right top channel signal representing a sound signal generated from a
right side ot the second elevation.

The HRTF may be generated by dividing a first HRTF including information about a
path from the first elevation to ears of a user by a second HRTF including information
about a path from a location ot a speaker, through which the sound signal will be
output, to the ears of the user.

The outputting the sound signal may include: generating a first sound signal by
mixing the sound signal that 1s obtained by amplitying the tiltered lett top channel
signal according to a first gain value with the sound signal that is obtained by am-
plitying the filtered right top channel signal according to a second gain value;
generating a second sound signal by mixing the sound signal that 1s obtained by am-
plitying the left top channel signal according to the second gain value with the sound
signal that 1s obtained by amplitying the filtered right top channel signal according to
the first gain value; and outputting the first sound signal through a speaker disposed on
a left side and outputting the second sound signal through a speaker disposed on a right
side.

The outputting the sound signals may include: generating a third sound signal by
mixing a sound signal that 1s obtained by amplitying a rear left signal representing a
sound signal generated trom a rear left side according to a third gain value with the
first sound signal; generating a fourth sound signal by mixing a sound signal that 1s
obtained by amplifying a rear right signal representing a sound signal generated from a
rear right side according to the third gain value with the second sound signal; and
outputting the third sound signal through a left rear speaker and the fourth sound signal
through a right rear speaker.

The outputting the sound signals may further include muting at least one ot the first
sound signal and the second sound signal according to a location on the first elevation,
where the virtual sound source 1s to be localized.

The transmitting the sound signal through the HRTF may include: obtaining in-
formation about the location where the virtual sound source 1s to be localized; and de-
termining the HRTF, through which the sound signal 1s transmitted, based on the

location information.

CA 02804346 2013-01-03



WO 2012/005507 PCT/KR2011/004937

[27]

23]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

The pertorming at least one ot the amplitying, attenuating, and delaying processes
may include determining at least one of the gain values and the delay values that will
be applied to each ot the replicated sound signals based on at least one of a location of
the actual speaker, a location of a listener, and a location of the virtual sound source.

The determining at least one of the gain value and the delay value may include de-
termining at least one of the gain value and the delay value with respect to each of the
replicated sound signals as a determined value, when information about the location of
the listener 1s not obtained.

The determining at least one of the gain value and the delay value may include de-
termining at least one of the gain value and the delay value with respect to each of the
replicated sound signals as an equal value, when information about the location ot the
listener 1s not obtained.

According to an aspect of another exemplary embodiment, there 1s provided a 3D
sound reproducing apparatus including: a filter unit transmitting a sound signal through
an HRTF corresponding to a first elevation; a replication unit generating a plurality of
sound signals by replicating the filtered sound signal; an amplification/delay unit
performing at least one of amplitying, attenuating, and delaying processes with respect
to each of the replicated sound signals based on a gain value and a delay value corre-
sponding to each of a plurality of speakers, through which the replicated sound signals
are to be output; and an output unit outputting the sound signals that have undergone at
least one of the amplifying, attenuating, and delaying processes through corresponding
speakers.

The predetermined filter 1s head related transter filter (HRTEF).

The filter unit may transmit at least one of a lett top channel signal representing a
sound signal generated from a left side of a second elevation and a right top channel
signal representing a sound signal generated from a right side ot the second elevation
through the HRTF.

The 3D sound reproducing apparatus may turther comprising: an up-mixing unit
which generates a left top channel signal and a right top channel signal, when the
sound signal does not include the left top channel signal and the right top channel
signal.

The filter unit may transmit at least one of a tront left channel signal representing a
sound signal generated from a front left side and a front right channel signal rep-
resenting a sound signal generated trom a front right side through the HRTF, when the
sound signal does not include a lett top channel signal representing the sound signal
generated from a lett side of a second elevation and a right top channel signal rep-
resenting the sound signal generated trom a right side of the second elevation.

The HRTF 1s generated by dividing a first HR'TF including information about a path

CA 02804346 2013-01-03
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from the first elevation to ears of a user by a second HRTF including information

about a path from a location of a speaker, through which the sound signal will be

output, to the ears of the user.
The output unit comprises: a first mixing unit which generates a first sound signal by

mixing a sound signal that is obtained by amplifying the filtered left top channel signal
according to a first gain value with a sound signal that is obtained by amplifying the
filtered right top channel signal according to a second gain value;

a second mixing which generates a second sound signal by mixing a sound signal
that is obtained by amplifying the filtered left top channel signal according to the
second gain value with a sound signal that is obtained by amplifying the filtered right
top channel signal according to the first gain value; and

a rendering unit which outputs the first sound signal through a speaker disposed on a
left side and outputting the second sound signal through a speaker disposed on a right
side.

The output unit comprises:

a third mixing unit which generates a third sound signal by mixing a sound signal
that is obtained by amplifying a rear left signal representing a sound signal generated
from a rear left side according to a third gain value with the first sound signal; and

a fourth mixing unit which generates a fourth sound signal by mixing a sound signal

that is obtained by amplifying a rear right signal representing a sound signal generated

from a rear right side according to the third gain value with the second sound signal;
wherein the rendering unit outputs the third sound signal through a left rear speaker
and the fourth sound signal through a right rear speaker.
The rendering unit comprises a controller which mutes at least one of the first and
second sound signals according to a location on the first elevation, where the virtual

sound source 1s to be localized.

Mode for the Invention

Hereinafter, exemplary embodiments will be described in detail with reference to ac-
companying drawings. In this description, the "term" unit means a hardware
component and/or a software component that 1s executed by a hardware component

such as a processor.
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6
[46] FIG. 1 1s a block diagram of a 3D sound reproducing apparatus 100 according to an
exemplary embodiment.
147} The 3D sound reproducing apparatus 100 includes a filter unit 110, a replication unit

120, an amplifier 130, and an output unit 140,

[48] The filter unit 110 transmits a sound signal through a predetermined filter generating
3D sound corresponding to a predetermined elevation. The filter unit 110 may transmit
a sound signal through a head related transfer tunction (HRTF) corresponding to a prede-
termined elevation. The HRTF includes information about a path from a spatial
position of a sound source to both ears of a user, that 1s, a frequency transmission char-
acteristic. The HRTF makes a user recognize 3D sound by a phenomenon whereby
complex passage characteristics such as diffraction at skin of human head and re-
tlection by pinnae, as well as simple passage differences such as an inter-aural level
difference (ILD) and an inter-aural time ditference (ITD), are changed according to
sound arrival directions. Since only one HRTF exists in each direction in a space, the
3D sound may be generated due to the above characteristics.

[49] The filter unit 110 uses the HRTF filter for modeling a sound being generated from a
position at an elevation higher than that of actual speakers that are arranged on a level
surface. Equation 1 below is an example of HRTF used in the filter unit 110.

[50] HRTF=HRTF,/HRTF; ---------c--mc oo (1)

[51] HRTEF,; is HRTF representing passage information from a position of a virtual sound
source to the ears of a user, and HRTF, is HRTF representing passage information
from a position of an actual speaker to the ears of the user. Since a sound signal 1s
output from the actual speaker, in order for the user to recognize that the sound signal
is output from a virtual speaker, HRTF, corresponding to a predetermined elevation 1is
divided by HRTF, corresponding to the level surface (or elevation of the actual
speaker).

[52] An optimal HRTF corresponding to a predetermined elevation varies depending on
each person, such as a fingerprint. However, it is impossible to calculate the HRTF for
each user and to apply the calculated HRTF to each user. Thus, HRTF is calculated for
some users of a user group, who have similar properties (for example, physical
properties such as age and height, or propensities such as favorite frequency band and
favorite music), and then, a representative value (for example, an average value) may
be determined as the HRTF applied to all of the users included 1n the corresponding
user group.

[53] Equation 2 below is a result of filtering the sound signal by using the HRTF detfined

in Equation 1 above.

[54] Yo(D)=Y (£)*HRTF ---- - mm oo e e (2)
[55] Y, (f) 1s a value converted into a frequency band from the sound signal output that a



WO 2012/005507

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[63]

PCT/KR2011/004937

user hears from the actual speaker, and Y,(f) 1s a value converted into a frequency band
from the sound signal output that a user hear from the virtual speaker.

The filter unit 110 may only filter some channel signals of a plurality ot channel
signals included 1n the sound signal.

The sound signal may include sound signals corresponding to a plurality ot channels.
Hereinafter, a 7-channel signal 1s defined tor convenience ot description. However, the
7-channel signal 1s an example, and the sound signal may include a channel signal rep-
resenting the sound signal generated trom directions other than the seven directions
that will now be described.

A center channel signal 1s a sound signal generated trom a front center portion, and 1s
output through a center speaker.

A tront right channel signal i1s a sound signal generated from a right side of a front
portion, and 1s output through a tront right speaker.

A tront left channel signal 1s a sound signal generated from a lett side of the front
portion, and 1s output through a tfront lett speaker.

A rear right channel signal 1s a sound signal generated from a right side of a rear
portion, and 1s output through a rear right speaker.

A rear left channel signal 1s a sound signal generated trom a left side ot the rear
portion, and 1s output through a rear left speaker.

A right top channel signal 1s a sound signal generated from an upper right portion,
and 1s output through a right top speaker.

A lett top channel signal 1s a sound signal generated from an upper letft portion, and
1s output through a left top speaker.

When the sound signal includes the right top channel signal and the left top channel
signal, the filter unit 110 filters the right top channel signal and the left top channel
signal. The right top signal and the left top signal that are filtered are then used to
model a virtual sound source that 1s generated from a desired elevation.

When the sound signal does not include the right top signal and the lett top signal,
the filter unit 110 filters the front right channel signal and the tront lett channel signal.
The tront right channel signal and the tfront lett channel signal are then used to model
the virtual sound source generated trom a desired elevation.

In some exemplary embodiments, the sound signal that does not include the right top
channel signal and the lett top channel signal (for example, 2.1 channel or 5.1 channel
signal) 1s up-mixed to generate the right top channel signal and the left top channel
signal. Then, the mixed right top channel signal and the left top channel signal may be
filtered.

The replication unit 120 replicates the filtered channel signal into a plurality of

signals. The replication unit 120 replicates the filtered channel signal as many times as

CA 02804346 2013-01-03
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the number of speakers through which the filtered channel signals will be output. For
example, when the tiltered sound signal 1s output as the right top channel signal, the
lett top channel signal, the rear right channel signal, and the rear lett channel signal,

the replication unit 120 makes tour replicas of the filtered channel signal. The number
of replicas made by the replication unit 120 may vary depending on the exemplary em-
bodiments; however, it 1s desirable that two or more replicas are generated so that the
filtered channel signal may be output at least as the rear right channel signal and the
rear left channel signal.

[169] The speakers through which the right top channel signal and the left top channel
signal will be reproduced are disposed on the level surface. As an example, the
speakers may be attached right above the front speaker that reproduces the front right
channel signal.

[ 70] The amplifier 130 amplities (or attenuates) the filtered sound signal according to a
predetermined gain value. The gain value may vary depending on the kind of the
tfiltered sound signal.

| 71] For example, the right top channel signal output through the right top speaker 1s
amplified according to a first gain value, and the right top channel signal output
through the left top speaker 1s amplitied according to a second gain value. Here, the
first gain value may be greater than the second gain value. In addition, the left top
channel signal output through the right top speaker 1s amplified according to the
second gain value and the lett top channel signal output through the letft top speaker 1s
amplified according to the first gain value so that the channel signals corresponding to
the lett and right speakers may be output.

| 72] In the related art, an I'TD method has been mainly used in order to generate a virtual
sound source at a desired position. The I'TD method 1s a method of localizing the
virtual sound source to a desired position by outputting the same sound signal from a
plurality of speakers with time difterences. The I'TD method 1s suitable for localizing
the virtual sound source at the same plane on which the actual speakers are located.
However, the ITD method is not an appropriate way to localize the virtual sound
source to a position that 1s located higher than an elevation of the actual speaker.

| 73] In exemplary embodiments, the same sound signal 1s output from a plurality ot
speakers with different gain values. In this manner, according to an exemplary em-
bodiment, the virtual sound source may be easily localized to an elevation that is
higher than that ot the actual speaker, or to a certain elevation regardless of the
elevation of the actual speaker.

|74 ] The output unit 140 outputs one or more amplitied channel signals through corre-
sponding speakers. The output unit 140 may include a mixer (not shown) and a

rendering unit (not shown).

CA 02804346 2013-01-03
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The mixer mixes one or more channel signals.

The mixer mixes the left top channel signal that 1s amplified according to the first
gain value with the right top channel signal that 1s amplitied according to the second
gain value to generate a first sound component, and mixes the lett top channel signal
that 1s amplified according to the second gain value and the right top channel signal
that 1s amplified according to the first gain value to generate a second sound
component.

In addition, the mixer mixes the rear left channel signal that is amplified according to
a third gain value with the first sound component to generate a third sound component,
and mixes the rear right channel signal that 1s amplified according to the third gain
value with the second sound component to generate a tourth sound component.

The rendering unit renders the mixed or un-mixed sound components and outputs
them to corresponding speakers.

The rendering unit outputs the first sound component to the lett top speaker, and
outputs the second sound component to the right top speaker. If there 1s no left top
speaker or no right top speaker, the rendering unit may output the first sound
component to the front left speaker and may output the second sound component to the
front right speaker.

In addition, the rendering unit outputs the third sound component to the rear left
speaker, and outputs the fourth sound component to the rear right speaker.

Operations of the replication unit 120, the amplifier 130, and the output unit 140 may
vary depending on the number of channel signals included 1n the sound signal and the
number of speakers. Examples of operations of the 3D sound reproducing apparatus
according to the number of channel signals and speakers will be described later with
reterence to FIGS. 4 through 6.

FIG. 2A 1s a block diagram of a 3D sound reproducing apparatus 100 for localizing a
virtual sound source to a predetermined elevation by using 5-channel signals according
to an exemplary embodiment.

An up-mixer 210 up-mixes S-channel signals 201 to generate 7-channel signals
including a lett top channel signal 202 and a right top channel signal 203.

The left top channel signal 202 1s input into a first HRTF 111, and the right top
channel signal 203 1s input into a second HRTF 112.

The tirst HRTF 111 includes information about a passage from a lett virtual sound
source to the ears of the user, and the second HRTF 112 includes information about a
passage from a right virtual sound source to the ears ot the user. The first HRTF 111
and the second HRTF 112 are filters for modeling the virtual sound sources at a prede-
termined elevation that 1s higher than that of actual speakers.

The lett top channel signal and the right top channel signal passing through the first

CA 02804346 2013-01-03
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HRTF 111 and the second HRTF 112 are input into replication units 121 and 122.
Each of the replication units 121 and 122 makes two replicas of each of the left top
channel signal and the right top channel signal that are transmitted through the HRTFs
111 and 112. The replicated lett top channel signal and right top channel signal are

transterred to first to third amplifiers 131, 132, and 133.

The first amplitier 131 and the second amplifier 132 amplity the replicated left top
signal and right top signal according to the speaker outputting the signal and the kind
of the channel signals. In addition, the third amplifier 133 amplifies at least one
channel signal included in the 5-channel signals 201.

In some exemplary embodiments, the 3D sound reproducing apparatus 100 may
include a first delay unit (not shown) and a second delay unit (not shown) instead ot
the first and second amplitiers 131 and 132, or may include all of the first and second
amplifiers 131 and 132, and the first and second delay units. This 1s because a same
result as that of varying the gain value may be obtained when delayed values of the
filtered sound signals vary depending on the speakers.

The output unit 140 mixes the amplified left top channel signal, the right top channel
signal, and the 5-channel signal 201 to output the mixed signals as 7-channel signals
205. The 7-channel signals 205 are output to each ot the speakers.

In another exemplary embodiment, when 7-channel signals are input, the up-mixer
210 may be omitted.

In another exemplary embodiment, the 3D sound reproducing apparatus 100 may
include a filter determining unit (not shown) and an amplification/delay coetficient de-
termining unit (not shown).

The filter determining unit selects an appropriate HRTF according to a position
where the virtual sound source will be localized (that 1s, an elevation angle and a
horizontal angle). The filter determining unit may select an HRTF corresponding to the
virtual sound source by using mapping information between the location of the virtual
sound source and the HRTF. The location information ot the virtual sound source may
be received through other modules such as applications (software or hardware), or may
be input from the user. For example, 1n a game application, a location where the virtual
sound source 1s localized may vary depending on time, and the filter determining unit
may change the HRTF according to the variation of the virtual sound source location.

The amplification/delay coetficient determining unit may determine at least one of an
amplification (or attenuation) coetticient and a delay coetticient ot the replicated
sound signal based on at least one of a location of the actual speaker, a location of the
virtual sound source, and a location of a listener. If the amplification/delay coetticient
determining unit does not recognize the location information ot the listener in advance,

the amplification/delay coetticient determining unit may select at least one of a prede-

CA 02804346 2013-01-03
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[95]

[96]

[97]

98]

[99]

[ 100]

[ 101]

[ 102]

termined amplification coetficient and a delay coetficient.

FIG. 2B 1s a block diagram ot a 3D sound reproducing apparatus 100 for localizing a
virtual sound source to a predetermined elevation by using a sound signal according to
another exemplary embodiment.

In FIG. 2B, a first channel signal that 1s included 1n a sound signal will be described
for convenience of description. However, the present exemplary embodiment may be
applied to other channels signals included in the sound signal.

The 3D sound reproducing apparatus 100 may include a ftirst HRTF 211, a
replication unit 221, and an amplification/delay unit 231.

A tirst HRTF 211 1s selected based on the location information of the virtual sound
source, and the first channel signal 1s transmitted through the first HRTFE 211. The
location information of the virtual sound source may include elevation angle 1n-
formation and horizontal angle information.

The replication unit 221 replicates the first channel signal after being filtered into one
or more sound signals. In FIG. 2B, 1t 1s assumed that the replication unit 221 replicates
the first channel signal as many times as the number of actual speakers.

The amplification/delay unit 231 determines amplification/delay coetticients of the
replicated tirst channel signals respectively corresponding to the speakers, based on at
least one of location information of the actual speaker, location information of a
listener, and location information of the virtual sound source. The amplification/delay
unit 231 amplities/attenuates the replicated first channel signals based on the de-
termined amplification (or attenuation) coetficients, or delays the replicated first
channel signal based on the delay coetticient. In an exemplary embodiment, the ampli-
fication/delay unit 231 may simultaneously pertorm the amplification (or attenuation)
and the delay ot the replicated first channel signals based on the determined ampli-
fication (or attenuation) coetficients and the delay coetficients.

The amplification/delay unit 231 generally determines the amplification/delay co-
efficient of the replicated tirst channel signal for each ot the speakers; however, the
amplification/delay unit 23 1may determine the amplification/delay coetficients of the
speakers to be equal to each other when the location information of the listener 1s not
obtained, and thus, the first channel signals that are equal to each other may be output
respectively through the speakers. In particular, when the amplitication/delay unit 231
does not obtain the location information of the listener, the amplification/delay unit
231 may determine the amplification/delay coetticient for each ot the speakers as a
predetermined value (or an arbitrary value).

FIG. 3 1s a block diagram of a 3D sound reproducing apparatus 100 for localizing a
virtual sound source to a predetermined elevation by using S-channel signals according

to another exemplary embodiment. A signal distribution unit 310 extracts a front right

CA 02804346 2013-01-03
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channel signal 302 and a front left channel signal 303 from the 5-channel signal, and
transters the extracted signals to the first HRTF 111 and the second HRTF 112.

[ 103] The 3D sound reproducing apparatus 100 of the present exemplary embodiment 1s
the same as that described with reterence to FIG. 2 except that the sound components
applied to the filtering units 111 and 112, the replication units 121 and 122, and the
amplifiers 131, 132, and 133 are the tfront right channel signal 302 and the front left
channel signal 303. Theretore, detailed descriptions of the 3D sound reproducing
apparatus 100 of the present exemplary embodiment will not be provided here.

1104 ] FIG. 4 1s a diagram showing an example of a 3D sound reproducing apparatus 100
for localizing a virtual sound source to a predetermined elevation by outputting
7-channel signals through 7 speakers according to another exemplary embodiment.

[105] FIG. 4 will be described based on input sound signals, and then, described based on
sound signals output through speakers.

[106] Sound signals including a front left channel signal, a lett top channel signal, a rear
lett channel signal, a center channel signal, a rear right channel signal, a right top
channel signal, and a front right channel signal are input in the 3D sound reproducing
apparatus 100.

[107] The front left channel signal 1s mixed with the center channel signal that 1s attenuated
by a tactor B, and then, 1s transterred to a front left speaker.

[ 108] The left top channel signal passes through an HRTF corresponding to an elevation
that 1s 30( higher than that ot the lett top speaker, and 1s replicated into four channel
signals.

[ 109] Two lett top channel signals are amplitied by a factor A, and then, mixed with the
right top channel signal. In some exemplary embodiments, atter mixing the lett top
channel signal that 1s amplified by the tactor A with the right top channel signal, the
mixed signal may be replicated into two signals. One ot the mixed signals 1s amplified
by a tactor D, and then, mixed with the rear lett channel signal and output through the
rear lett speaker. The other of the mixed signals 1s amplified by a tactor E, and then,
output through the lett top speaker.

[110] Two remaining lett top channel signals are mixed with the right top channel signal
that 1s ampliftied by the tactor A. One of the mixed signals 1s amplified by the tactor D,
and then, 1s mixed with the rear right channel signal and output through the rear right
speaker. The other ot the mixed signals 1s amplitied by the factor E, and 1s output
through the right top speaker.

[111] The rear left channel signal 1s mixed with the right top channel signal that 1s
amplified by the tactor D and the left top channel signal that 1s amplitied by a factor
D(A, and 1s output through the rear left speaker.

[112] The center channel signal 1s replicated into three signals. One ot the replicated center

CA 02804346 2013-01-03



WO 2012/005507

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]
[123]

[124]

[125]

13

PCT/KR2011/004937

channel signals 1s attenuated by the factor B, and then, 1s mixed with the tront left
channel signal and output through the front left speaker. Another replicated center
channel signal 1s attenuated by the tactor B, and after that, 1s mixed with the tront right
channel signal and output through the tfront right speaker. The other of the replicated
center channel signals 1s attenuated by a factor C, and then, 1s output through the center
speaker.

The rear right channel signal 1s mixed with the left top channel signal that 1s
amplitied by the tactor D and the right top channel signal that 1s amplified by the factor
D(A, and then, 1s output through the rear right speaker.

The right top signal passes through an HRTF corresponding to an elevation that 1s
30( higher than that of the right top speaker, and then, 1s replicated into four signals.

Two right top channel signals are mixed with the left top channel signal that 1s
amplified by the tactor A. One of the mixed signals 1s amplitied by the tactor D, and 1s
mixed with the rear left channel signal and output through the rear left speaker. The
other of the mixed signals 1s amplified by the factor E, and 1s output through the left
top speaker.

Two replicated right top channel signals are amplified by the factor A, and are mixed
with the left top channel signals. One of the mixed signals 1s amplitied by the factor D,
and 1s mixed with the rear right channel signal and output through the rear right
speaker. The other of the mixed signals 1s amplitied by the tactor E, and 1s output
through the right top speaker.

The tront right channel signal 1s mixed with the center channel signal that 1s at-
tenuated by the tactor B, and 1s output through the tfront right speaker.

Next, sound signals that are finally output through the speakers atter the above-

described processes are as follows:

(front left channel signal + center channel signal (B) 1s output through the front left
speaker;

(rear left channel signal + D((left top channel signal(A + right top channel signal)) 1s
output through the rear left speaker;

(E((left top channel signal(A + right top channel signal)) 1s output through the left
top speaker;

(C(center channel signal) 1s output through the center speaker;

(E((right top channel signal(A + left top channel signal)) 1s output through the right
top speaker;

(rear right channel signal + D((r1ight top channel signal(A + left top channel signal))
1s output through the rear right speaker; and

(front right channel signal + center channel signal(B) 1s output through the front right

speaker.

CA 02804346 2013-01-03
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In FIG. 4, the gain values to amplify or attenuate the channel signals are merely

examples, and various gain values that may make the left speaker and the right speaker
output corresponding channel signals may be used. In addition, in some exemplary em-
bodiments, gain values for outputting the channel signals that do not correspond to the
speakers through the left and right speakers may be used.

FIG. 5 is a diagram showing an example of a 3D sound reproducing apparatus 100
for localizing a virtual sound source to a predetermined elevation by outputting
5-channel signals through 7 speakers according to another exemplary embodiment.

The 3D sound reproducing apparatus shown in FIG. 5 1s the same as that shown in
FIG. 4 except that sound components input into an HRTF are a front left channel signal
and a front right channel signal. Therefore, sound signals output through the speakers
are as follows:

(front left channel signal + center channel signal (B) is output through the front left
speaker;

(rear left channel signal + D((front left channel signal(A + front right channel
signal)) 1s output through the rear left speaker:;

(E((front left channel signal(A + front right channel signal)) is output through the left
top speaker;

(C(center channel signal) is output through the center speaker;

(E((front right channel signal(A + front left channel signal)) is output through the
right top speaker;

(rear right channel signal + D((front right channel signal(A + front left channel
signal)) 1s output through the rear right speaker; and

(front right channel signal + center channel signal(B) is output through the front right
speaker.

FIG. 6 is a diagram showing an example of a 3D sound reproducing apparatus 100

for localizing a virtual sound source to a predetermined elevation by outputting

7-channel signals through 5 speakers, according to another exemplary embodiment.

The 3D sound reproducing apparatus 100 of FIG. 6 is the same as that shown in FIG.
4 except for that the output signals that are supposed to output through the left top
speaker (the speaker for the left top channel signal 413) and the right top speaker (the
speaker for the right top channel signal 415) in Fig. 4, are output through the front left
speaker (the speaker for the front left channel signal 611) and the front right speaker
(the speaker for the front right channel signal 615) respectively. Therefore, sound
signals output through the speakers are as tollows:

(front left channel signal+(center channel signal (B) + E(( left top channel signal(A
+ right top signal)) is output through the front left speaker;

(rear left channel signal + D((front left channel signal(A + front right channel
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signal)) is output through the rear left speaker;

[140] (C(center channel signal) is output through the center speaker;

[141] (E((front right channel signal(A + front left channel signal)) is output through the
right top speaker:;

[142] (rear right channel signal + D((front right channel signal(A + front left channel
signal)) is output through the rear right speaker; and

[143] (front right channel signal + (center channel signal(B) + E(( right top channel
signal(A + left top channel signal)) is output through the front right speaker.

[144] FIG. 7 is a diagram of a speaker system for localizing a virtual sound source to a pre-
determined elevation according to an exemplary embodiment.

[145] The speaker system of FIG. 7 includes a center speaker 710, a front left speaker 721,
a front right speaker 722, a rear left speaker 731, and a rear right speaker 732.

[146] As described above with reference to FIGS. 4 through 6, for localizing a virtual
sound source to a predetermined elevation, a left top channel signal and a night top
channel signal that have passed through a filter are amplified or attenuated by gain
values that are different according to the speakers, and then, are input into the front left
speaker 721, the front right speaker 722, the rear left speaker 731, and the rear right
speaker 732,

[147] Although not shown in FIG. 7, a left top speaker (not shown) and a right top speaker
(not shown) may be disposed above the front left speaker 721 and the front right
speaker 722. In this case, the left top channel signal and the right top channel signal
passing through the filter are amplified by the gain values that are different according
to the speakers and input into the left top speaker (not shown), the right top speaker
(not shown), the rear left speaker 731, and the rear right speaker 732.

[ 148] A user recognizes that the virtual sound source is localized to a predetermined
elevation when the left top channel signal and the right top channel signal that are

filtered are output through one or more speakers in the speaker system. Here, when the

filtered left top channel signal or the right top channel signal is muted in one or more
speakers, a location of the virtual sound source in a left-and-right direction may be
adjusted.

[149] When the virtual sound source is to be located at a center portion in a predetermined
elevation, all of the front left speaker 721, the front right speaker 722, the rear left

speaker 731, and the rear right speaker 732 output the filtered left top and right top
channel signals, or only the rear left speaker 731 and the rear right speaker 732 may
output the filtered left top and right top channel signals. In some exemplary em-
bodiments, at least one of the filtered left top and right top channel signals may be
output through the center speaker 710. However, the center speaker 710 does not

contribute to the adjustment of the location of the virtual sound source 1n the left-
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and-right direction.

When 1t 1s desired that the virtual sound source be located at a right side 1n a prede-
termined elevation, the front right speaker 722, the rear left speaker 731, and the rear
right speaker 732 may output the filtered left top and right top channel signals.

When 1t 1s desired that the virtual sound source be located at a left side 1n a prede-
termined elevation, the tfront left speaker 721, the rear lett speaker 731, and the rear
right speaker 732 may output the filtered left top and right top channel signals.

Even when it 1s desired that the virtual sound source be located at the right or lett
side 1n the predetermined elevation, the filtered left top and right top channel signals
output through the rear lett speaker 731 and the rear right speaker 732 may not be
muted.

In some exemplary embodiments, the location of the virtual sound source in the left-
and-right direction may be adjusted by adjusting the gain value for amplifying or at-
tenuating the left top and right top channel signals, without muting the tiltered lett and
right top channel signals output through one or more speakers.

FIG. 8 1s a tlowchart 1llustrating a 3D sound reproducing method according to an
exemplary embodiment.

In operation S810, a sound signal 1s transmitted through an HRTF corresponding to a
predetermined elevation.

In operation S820, the tiltered sound signal 1s replicated to generate one or more
replica sound signals.

In operation S830, each of the one or more replica sound signals 1s amplitied
according to a gain value corresponding to a speaker, through which the sound signal
will be output.

In operation S840, the one or more amplitied sound signals are output respectively
through corresponding speakers.

In the related art, a top speaker 1s installed at a desired elevation 1n order to output a
sound signal being generated at the elevation; however, it 1s not easy to install the top
speaker on the ceiling. Thus, the top speaker 1s generally placed above the front
speaker, which may cause a desired elevation to not be reproduced.

When the virtual sound source 1s localized to a desired location by using an HRTF,
the localization ot the virtual sound source may be performed ettectively in the left-
and-right direction on a horizontal plane. However, the localization using the HTRF 1s
not suitable tfor localizing the virtual sound source to an elevation that 1s higher or
lower than that of the actual speakers.

In contrast, according to the exemplary embodiments, one or more channel signals
passing through the HRTF are amplified by gain values that are different from each

other according to the speakers, and are output through the speakers. In this manner,

CA 02804346 2013-01-03
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the virtual sound source may be effectively localized to a predetermined elevation by
using the speakers disposed on the horizontal plane.

The exemplary embodiments can be written as computer programs and can be im-
plemented in general-use digital computers that execute the programs which are stored
in a computer readable recording medium.

Examples of the computer readable recording medium include magnetic storage
media (e.g., ROM, tloppy disks, hard disks, etc.), and optical recording media (e.g.,
CD-ROMs, or DVD:s).

While exemplary embodiments been particularly shown and described, it will be un-

derstood by those of ordinary skill in the art that various changes in form and details

may be made therein.
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Claims

1. A method of rendering an audio signal, the method comprising:

receiving input channel audio signals and an input channel configuration;

selecting a first head-related transfer function (HRTF) based filter type according to a first
height input channel signal among the input channel audio signals, wherein the first height input
channel signal is identified by an azimuth and an elevation;

obtaining first gains according to the first height input channel signal; and

elevation rendering the input channel audio signals, based on the first HRTF based filter
type and the first gains, to provide elevated sound by a plurality of output channel audio signals,

wherein an output channel configuration of the plurality of output channel audio signals is
a 5.0 channel configuration, and

wherein the plurality of output channel audio signals comprise surround output channel

audio signals.

2. The method of claim 1, wherein the first HRTF based filter type is selected based

on a location of a virtual output.

3. The method of claim 1, wherein the first gains are obtained based on each location

of output loudspeakers.

4. The method of claim 1, wherein the first height input channel signal 1s outputted

to at least two ot the plurality of output channel audio signals.

5. The method of claim 1, the method further comprising:

obtaining an indicator of selecting a second HRTF based filter type according to a second
height input channel signal among the input channel audio signals, wherein the second height input
channel signal 1s identified by an azimuth and an elevation; and

obtaining second gains according to the second height input channel signal,

wherein the first HRTF based filter type and the second HRTF based filter type are

independently selected,

CA 2804346 2018-06-01
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wherein the first gains and the second gains are independently obtained,

wherein the elevation rendering of the input channel audio signals i1s based on the second

HRTF based filter type and the second gains.

6. The method of claim 1,

wherein a surround output channel signal among the surround output channel audio signals

1s 1dentified by at least one of a 110 degree azimuth and a -110 degree azimuth.

7. The method of claim 1,

wherein a surround output channel signal among the surround output channel audio signals

1s identified by 0 degree elevation.

8. The method of claim 1,

wherein the first height input channel signal is located at top center.

9. The method of claim 1,

wherein gains for at least one of a rear left channel signal and a rear right channe] signal

included in the surround output channel signals among the first gains are non-zero positive values.

10. The method of claim 1,

wherein the input channel configuration comprise the azimuth and the elevation of the first

height input channel signal.

11. A non-transitory computer readable recording medium having embodied thereon

a computer program, which when executed by a processor, performs the method of claim 1.

12. A rendering an audio signal apparatus comprising:

a recerver configured to receive input channel audio signals and an input channel

configuration;

a renderer configured to select a first head-related transfer function (HRTF) based filter

type according to a first height input channel signal among the input channel audio signals, wherein
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the first height input channel signal is identified by an azimuth and an elevation, contigured to
obtain first gains according to the first height input channel signal, and configured to elevation
rendering the input channel audio signals, based on the first HRTF based filter type and the first
gains, to provide elevated sound by a plurality of output channel audio signals,

wherein an output channel configuration of the plurality of output channel audio signals 1s
a 5.0 channel configuration, and

wherein the plurality of output channel audio signals comprise surround output channel

audio signals.

13. The apparatus of claim 12, wherein the first HRTF based filter type is selected

based on a location of a virtual output.

14. The apparatus of claim 12, wherein the first gains are obtained based on each

location of output loudspeakers.

13. The apparatus of claim 12, wherein the first height input channel signal i1s

outputted to at least two of the plurality of output channel audio signals.

16. The apparatus of claim 12,

the renderer further configured to select a second HRTF based filter type according to a
second height input channel signal among the input channel audio signals, wherein the second
height input channel signal is identified by an azimuth and an elevation and obtain second gains
according to the second height input channel signal,

wherein the first HRTF based filter type and the second HRTF based filter type are
independently selected,

wherein the first gains and the second gains are independently obtained,

wherein the elevation rendering of the input channel audio signals is based on the second

HRTF based filter type and the second gains.

17. The apparatus of claim 12,

wherein a surround output channel signal among the surround output channel audio signals

CA 2804346 2018-06-01
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1s 1dentified by at least one of a 110 degree azimuth and a -110 degree azimuth.

" 18. The apparatus of claim 12,

wherein a surround output channel signal among the surround output channel audio signals

1s identified by 0 degree elevation.

19. The apparatus of claim 12,

wherein the first height input channel signal is located at top center.

20. The apparatus of claim 12,
wherein gains tor at least one of a rear left channel signal and a rear right channel signal

included in the surround output channel signals among the first gains are non-zero positive values.
21. The apparatus of claim 12,

wherein the input channel audio signal comprises the azimuth and the elevation of the first

height input channel signal.
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